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Preface

Patients submitted to plastic and reconstructive surgery make up a diverse group of people
(healthy or with added pathologies) that seek to improve their body image with the ultimate
goal of being more competitive in their family, school, work, and social environment. Anes‐
thetizing these people – healthy or not – has become a challenge with many unresolved top‐
ics and controversies. Advances in perioperative medicine, especially in anesthesiology,
have made it possible to overcome some of these challenges.

In this book, authors from different countries discuss selected topics on anesthesia and plas‐
tic and reconstructive surgery. Although some opinions seem to be opposing, all the knowl‐
edge is oriented to the safe management of each patient. Preoperative assessment,
perioperative monitoring, anesthetic management techniques, complications, post-operative
care, and analgesia are some of the topics included in this book.

As the editor, I want to thank each of the authors who contributed to this book and invite
colleagues who for various reasons did not finish their manuscripts so that together we can
prepare a second project with topics of interest in this field of anesthesiology. It is also right
to thank the thousands of patients with whom I have had the fortune to work, as well as
distinguished Mexican plastic surgeons, especially Dr. Jaime Campos-León for his confi‐
dence and unconditional support of my research and practice in anesthesia for plastic sur‐
gery. Finally, it is my pleasure to thank my family for their love and patience, so that I can
take part of their valuable time and write down my professional experiences.

Víctor M. Whizar-Lugo MD
Lotus MedGroup

Intensive Care Unit
Hospital General de Tijuana, ISESALUD

Tijuana BC, México
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Abstract

Plastic surgery is currently more popular and available with increasing frequency through-
out the world. Its advances are related to progress in anesthesiology. Nowadays, it is possi-
ble to operate patients with pathologies that previously did not allow this type of surgery.
The developments in perioperative monitoring, pharmacology, prevention of complications,
and the wide communication between patients and physicians, as well as the development
of surgical units that facilitate a prompt programming and reduce the total costs, have
resulted in a logarithmic growth of plastic and reconstructive surgery procedures. Local,
regional, or general anesthesia, anesthetic monitoring, or conscious sedation is used routi-
nely, allowing to manage patients as ambulatory or short stay. Deep vein thrombosis and
pulmonary embolism remain the most frequent complications, followed by postoperative
pain, nausea, and vomiting.

Keywords: plastic surgery, anesthesia

1. Introduction

The current demand for plastic surgery procedures has had a logarithmic growth. The Amer-
ican Society for Aesthetic Plastic Surgery reported that in 2016 in the USA 17.1 million surgical
and nonsurgical cosmetic procedures were performed, a figure that indicates a 132% increase
since 2000. These procedures represented an expenditure of approximately 16.4 billion US
dollars, where breast augmentation is the most popular surgery and the application of Botox
is the most performed nonsurgical procedure [1]. Other interesting aspects that have grown
around plastic surgery are ambulatory surgery units, short-stay units, and procedures
performed in plastic surgeons’ medical offices. It is important that anesthesiological care does
not decline when surgery is performed in this type of facility and the media and plastic
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surgeons must be made aware, so they do not minimize the risks of this type of surgery, which
from the point of view of the anesthesiologists are medium- and high-risk procedures [2, 3].
Regardless of where the surgery is performed, patient safety should be the primary issue at the
time of anesthesia-surgery and during its immediate recovery. To ensure patient safety, there
are several guidelines that list the most important points of accomplishment that should be
followed in this regard. The published guide from SCARE [4], which emphasizes various
points of safety, especially the mechanical and pharmacological prophylaxis of deep venous
thrombosis (DVT) and pulmonary thromboembolism (PE). A review of the literature on
liposuction complications establishes strict guidelines on lidocaine and epinephrine doses, PE
prophylaxis, adequate hydration, and other management recommendations [5].

The advances in plastic surgery have been furthered by the progress in anesthesiology, making it
the cornerstone on which the surgical progress has been made. Now, it is possible to carry out
prolonged and more elaborate surgeries in patients with concomitant pathologies or with anes-
thesia risks that some years ago were not possible to achieve with the current safety. The
availability of new anesthetics and adjuvant drugs, advances in trans- and postoperative moni-
toring, as well as the early prevention of complications have facilitated these advances. The list of
plastic surgical procedures is very extensive, and anesthesia plays a vital role: from local tech-
niques to neuraxial anesthesia and general inhaled or intravenous anesthesia procedures. The
growth of outpatient procedures in cosmetic surgery requires effective anesthetic techniques that
allow safe home returns shortly after the surgery is over. It is ideal that no surgical procedure in
plastic surgery is performed without the presence of a qualified anesthesiologist.

This chapter serves as an introduction to this book, the most frequent plastic surgery pro-
cedures are listed, as well as the anesthesia techniques considered to be the most advanced.

2. Most frequent plastic surgery procedures

It is important that the anesthesiologist be familiar with all surgical procedures to establish an
optimal anesthetic approach (see Graphic 1 and Tables 1 and 2). It is also important to keep in
mind that the original surgical plan changes frequently; these last-minute modifications obey
the wishes of the patient and sometimes the needs that arise during surgery, situations that
lead to adjust the original anesthetic plan.

Table 2 lists the most frequent surgical procedures in plastic surgery and relates them to the
most used anesthesia techniques, making some important observations in postanesthetic care
and evolution. These techniques are the most recommended, being possible to use other
alternatives or through combinations of anesthetic methods [6].

In plastic surgery, it is common to combine two or more surgical procedures (breast-
abdominoplasty, mommy makeover), which in addition to increasing the risks, prolongs the
surgical time, and therefore the anesthetic plan must be adapted to the surgeon’s new
approach. This fact can be determined before starting anesthesia, and in some patients, it is

Anesthesia Topics for Plastic and Reconstructive Surgery2

modified during surgery. For example, in a case where breast surgery is combined with
abdomen procedures that could otherwise be managed with neuraxial anesthesia, a lumbar
spinal anesthesia with hyperbaric local anesthetic and Trendelenburg position could dissemi-
nate the blockade up to T3 for breast surgery, which must be performed first, followed by the
abdominal procedure [7]. This approach avoids general anesthesia and favors adequate post-
operative analgesia with optimal recovery. Combined epidural-spinal anesthesia is another
management option in this surgical setting.

Graphic 1. Most frequent cosmetic surgeries.

Surgery Women Men

Breast augmentation 355, 671

Liposuction 309,692 31,453

Blepharoplasty 166,426 28,678

Abdominoplasty 143,005

Breast reduction 139,926

Rhinoplasty 30,174

Gynecomastia 19,124

Hair implantation 18,062

Table 1. Most frequent procedures according to gender [1].
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3. Pre-anesthetic evaluation

“Primum non nocere” is a Latin phrase meaning “first, to do no harm” and is an old statement
that has been one of the principal precepts of bioethics for several centuries. This concept is the
purpose of pre-anesthetic assessment, which in patients scheduled for plastic surgery should
not be any different from that of patients operated of other procedures and should be timely,
complete, interdisciplinary, and dynamic. This evaluation is a vital instrument for the medical
and nursing team, as well as for the patients and their families since it gives them the oppor-
tunity to know the patient and their environment, the reasons that led to surgery, fears of, and
above all, to discuss the prejudices and doubts about anesthesia. These patients have peculiar-
ities that make them different; on the one hand, most are healthy people, individuals who do

Procedures Anesthesia Patient stay Observations

• Facial surgery

Rhytidoplasty CS/GA 24 hours Moderate pain

Coronal CS/GA Ambulatory Fast track

Open rhinoplasty CS/GA Ambulatory Fast track

Rhinoplasty with bone fracture GA Ambulatory Moderate pain

Blepharoplasty MAC/CS Ambulatory Fast track

Otoplasty MAC/CS Ambulatory Fast track

Laser dermabrasion CS Ambulatory Moderate pain

Implants MAC/CS Ambulatory Fast track

Fat grafting, synthetic materials MAC/CS Ambulatory Fast track

• Body surgery

Breasts or pectorals PDB/GA Ambulatory Moderate pain

Liposuction SB, PDB, GA, or local Ambulatory �24 hours Mild to moderate pain,
bleeding, anemia

Torso PDB /GA Ambulatory Moderate pain

Abdominoplasty SB, PDB/GA 24 hours Moderate pain, anemia

Breast pexia of inferior segment PDB/GA 24 hours Moderate pain, anemia

Buttocks implants SB/PDB/GA Ambulatory Moderate pain

• Limb surgery

Brachioplasty PDB/GA Ambulatory Moderate pain

Cruroplasty SB/PDB/GA Ambulatory �24 hours Moderate pain

Liposuction SB/PDB/GA Ambulatory Mild pain

CS = conscious sedation; GA = general anesthesia; PDB = peridural block; SB = spinal block; MAC = monitored anesthetic
care; fast track = direct access to hospital room.

Table 2. Most frequent procedures in cosmetic surgery.

Anesthesia Topics for Plastic and Reconstructive Surgery4

not intend to cure a disease but to improve their self-esteem through better physical appear-
ance. On the other hand, they are extremely demanding patients in terms of perfection in the
results and do not tolerate errors or side effects. It is prudent to explain the various anesthetic
techniques available for the type of surgery scheduled, as well as the benefits and risks of each
anesthetic procedure, especially those attributed to the planned technique. It is also the best
time for them to meet the anesthesiologist and become familiar with his/her credentials and
experience. These last points are fundamental to gain patient confidence and to diminish their
anxiety and the possibility of an eventual legal conflict.

The pre-anesthetic evaluation should be made several days in advance. Regardless of the phys-
ical condition of each patient, a complete clinical history and detailed and oriented physical
examination are fundamental in the pre-anesthetic assessment. It is essential to determine the
physical integrity or possible deterioration of the patient, especially the neurological and cardio-
pulmonary systems, as well as a detailed analysis of the airway and the spine. The patients must
be evaluated regarding their emotional state and their ability to tolerate surgeries with prolonged
times and difficult recoveries. Plastic surgery patients are divided into two major categories:
healthy patients and patients with one or more systemic pathologies, such as acquired heart
diseases, pneumopathies, diabetes mellitus, venous insufficiency, and hyperlipidemia, this last
one being the most common. The age at which cosmetic surgery is performed is variable:
35–50 years (45%), 51–64 years (26%), 19–34 (22%), 65 ormore (6%), andminors to 18 years (2%) [3].

The healthy patient. Most plastic surgery patients are in good physical shape (ASA 1–2); those
with facial surgery are usually more than 50 years old, although cosmetic facial surgery has
currently increasing frequency in younger people. Patients who undergo surgery on body
segments tend to be younger with purely esthetic goals, but recently there is a growing group
of overweight patients who have undergone bariatric surgeries and consult the plastic surgeon
seeking corrective procedures for skin excess secondary to excessive weight loss, which should
be categorized as unhealthy patients [8, 9]. Patients without apparent comorbidities are poten-
tially healthy people; however, we must be sure that this statement is true. Once the patient
has been evaluated by the plastic surgeon, it is recommended that those over 50 years old are
also evaluated by an internist and have complete clinical exams according to the surgery plan.
These tests should include blood count with platelets, prothrombin time, partial thromboplas-
tin time, INR, complete blood chemistry, and urinalysis. HIV testing is convenient, as well as
hepatitis B and C antigens in some patients [3, 6]. Pregnancy test is recommended in women of
childbearing age.

During this pre-anesthetic interview, the intake of medications such as nonsteroidal anti-
inflammatory drugs (NSAIDs), vitamin E, weight loss medications, contraceptives, herbs, as
well as history of illegal drug use or any prescription medicines should be questioned. It is
frequent that these “healthy” patients utilize thyroid hormones, antidepressants, benzodiaze-
pines, high doses of vitamins and minerals, as well as herbs, food supplements, and teas that
could interact with the drugs used in the perianesthesiological time. Patients underestimate
the importance to ingest these products, so it is imperative that both the surgeon and the
anesthesiologist emphatically investigate whether patients ingest such products since many
of them have anticoagulant, antiplatelet, procoagulant, and arrhythmic or potentiate the effects

Anesthesia for Plastic Surgery Procedures
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Table 2. Most frequent procedures in cosmetic surgery.
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not intend to cure a disease but to improve their self-esteem through better physical appear-
ance. On the other hand, they are extremely demanding patients in terms of perfection in the
results and do not tolerate errors or side effects. It is prudent to explain the various anesthetic
techniques available for the type of surgery scheduled, as well as the benefits and risks of each
anesthetic procedure, especially those attributed to the planned technique. It is also the best
time for them to meet the anesthesiologist and become familiar with his/her credentials and
experience. These last points are fundamental to gain patient confidence and to diminish their
anxiety and the possibility of an eventual legal conflict.

The pre-anesthetic evaluation should be made several days in advance. Regardless of the phys-
ical condition of each patient, a complete clinical history and detailed and oriented physical
examination are fundamental in the pre-anesthetic assessment. It is essential to determine the
physical integrity or possible deterioration of the patient, especially the neurological and cardio-
pulmonary systems, as well as a detailed analysis of the airway and the spine. The patients must
be evaluated regarding their emotional state and their ability to tolerate surgeries with prolonged
times and difficult recoveries. Plastic surgery patients are divided into two major categories:
healthy patients and patients with one or more systemic pathologies, such as acquired heart
diseases, pneumopathies, diabetes mellitus, venous insufficiency, and hyperlipidemia, this last
one being the most common. The age at which cosmetic surgery is performed is variable:
35–50 years (45%), 51–64 years (26%), 19–34 (22%), 65 ormore (6%), andminors to 18 years (2%) [3].

The healthy patient. Most plastic surgery patients are in good physical shape (ASA 1–2); those
with facial surgery are usually more than 50 years old, although cosmetic facial surgery has
currently increasing frequency in younger people. Patients who undergo surgery on body
segments tend to be younger with purely esthetic goals, but recently there is a growing group
of overweight patients who have undergone bariatric surgeries and consult the plastic surgeon
seeking corrective procedures for skin excess secondary to excessive weight loss, which should
be categorized as unhealthy patients [8, 9]. Patients without apparent comorbidities are poten-
tially healthy people; however, we must be sure that this statement is true. Once the patient
has been evaluated by the plastic surgeon, it is recommended that those over 50 years old are
also evaluated by an internist and have complete clinical exams according to the surgery plan.
These tests should include blood count with platelets, prothrombin time, partial thromboplas-
tin time, INR, complete blood chemistry, and urinalysis. HIV testing is convenient, as well as
hepatitis B and C antigens in some patients [3, 6]. Pregnancy test is recommended in women of
childbearing age.

During this pre-anesthetic interview, the intake of medications such as nonsteroidal anti-
inflammatory drugs (NSAIDs), vitamin E, weight loss medications, contraceptives, herbs, as
well as history of illegal drug use or any prescription medicines should be questioned. It is
frequent that these “healthy” patients utilize thyroid hormones, antidepressants, benzodiaze-
pines, high doses of vitamins and minerals, as well as herbs, food supplements, and teas that
could interact with the drugs used in the perianesthesiological time. Patients underestimate
the importance to ingest these products, so it is imperative that both the surgeon and the
anesthesiologist emphatically investigate whether patients ingest such products since many
of them have anticoagulant, antiplatelet, procoagulant, and arrhythmic or potentiate the effects
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of anesthetics. Heller et al. [10] found that plastic surgery patients used herbs or supplements
in 55% versus the general population 24% (p < 0.001). The most used by their patients were
chondroitin 18%, ephedra 18%, echinacea 8%, garlic 6%, ginseng 4%, and ginger 4%. Fifty-four
percent of the supplements/herbs taken by these patients have pharmacological interference
with anesthetic drugs or can affect surgery. In 85% of the cases, patients were not told to stop
taking these herbs or supplements before surgery, except for those who ingested ephedra in
which 100% of the surgeons indicated their suspension. This study demonstrated the igno-
rance of physicians regarding the undesirable effects of herbalism in plastic surgery patients. A
Mexican study in ambulatory patients [11] found that 65% took ginseng and Ginkgo biloba
combined, 17.5% ingested garlic, and 5% chamomile tea. Table 3 lists some herbs and food
supplements that should be discontinued 1–2 weeks before the surgery [10–13].

Product Effect Product Effect

Fish oil Antiplatelet, vasodilation Kava (Piper methysticum
root)

Interacts with local anesthetics,
barbiturates, increase sedative potency

Garlic (Allium
sativum)

Antiplatelet St. John’s wort
(Hypericum perforatum)

Induces cytochrome P450 3A4.
Interacts with midazolam, alfentanil,
lidocaine, calcium blockers, and
serotonin receptor agonists

Alfalfa (Medicago
sativa)

Anticoagulant
Enhances warfarin and ginger
effect

Ginseng (Panax ginseng) Anticoagulant

Dong quai (Angelica
sinensis)

Anticoagulant, antiplatelet Wild lettuce Enhances warfarin

Anise Anticoagulant Black cohosh Antiplatelet

Celery Antiplatelet Arnica Anticoagulant

Saffron Anticoagulant Papain (papaya
proteinase I)

Hemorrhage risk

Boldo (Peumus
boldus)

Enhances warfarin Kelp Anticoagulant

Bromelain Anticoagulant Plantago major Coagulant

Castanea sativa Anticoagulant Horseradish Anticoagulant

Onion Antiplatelet Licorice root
(Glycyrrhiza glabra)

Antiplatelet

Clove Antiplatelet Red clover Anticoagulant

Chili pepper
(Nahuatl chili)

Antiplatelet Turmeric (Curcuma
longa)

Antiplatelet

Ephedra Vasoconstriction, cardiac
infarction, cerebral thrombosis,
arrhythmias, hypertension

Valeriana officinalis Increases sedative effect

Echinacea Promotes infections, allergies,
probable hepatotoxic and
impaired blood flow

Vitamin E Antiplatelets

Gingko biloba Antiplatelet Asiatic ginseng Anticoagulant, antiplatelets,
hypoglycemic

Table 3. Effects of some herbs and foods.
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The patient with comorbidities. There are a group of patients who undergo cosmetic surgery and
who have one or more added pathologies that warrant a more thorough pre-anesthetic evalu-
ation, which may end up postponing surgical intervention or suspend it indefinitely. Diabetic,
hypertensive, cardiac, pulmonary, obese, anemic, hypo-/hyperthyroid, patients with rheuma-
tological diseases, and so on are subjects for consultations with the internist or the appropriate
subspecialist to stabilize their concomitant pathologies before programming plastic surgery. It
is common for the plastic surgeon to miss some of these systemic pathologies during patient
evaluation, so it is mandatory that in the initial anesthesiological assessment a condition that
may interfere not only with anesthesia but also with surgery itself or during the healing period
should be meticulously researched, such as thrombophilias, hypo-/hyperthyroidism, pheo-
chromocytoma-paragangliomas, lupus, sickle cell disease, drug addiction, and many more.
It is the anesthesiologist’s role, in conjunction with the surgeon, to refer the patient to the
appropriate specialist. Once the patient has been assessed by the internist or a subspecialist, it
is advisable to perform a second pre-anesthetic evaluation to be sure that the patient is able to
be anesthetized, as well as to know in advance the specialist’s recommendations.

Parameters ASA 1 ASA
2–3

Observations

Clinical history Yes Yes The general and oriented clinical review made by the anesthesiologist
anticipates problems such as difficult airway, spinal anomalies, mental
alterations, family environment, and possibility of a lawsuitPhysical

examination
Yes Yes

Specialist
consultation

NE Yes It is prudent to know the opinion of the geriatrician, pulmonologist,
cardiologist, endocrinologist, surgeon, and family therapist in search of
polypharmacy, drug interactions, etc.

Electrocardiogram Only >50
years old

Yes Arrhythmias, ischemia, growth, or dilatation of heart cavities

Chest X-ray NE Yes Useful in smokers, suspected tuberculosis, neoplasms, emphysema,
kyphosis

Echocardiogram No R Compulsory study in patients with severe arterial hypertension, ischemic
patients, and patients with dilated cardiomyopathy

Spirometry No R Its usefulness has not been demonstrated; however, it is recommended in
chronic pneumopathy and smokers

Blood test Yes Yes Diagnosis of subclinical anemia

Coagulation tests Yes Yes TP, TPT, INR, and bleeding time are mandatory in anticoagulants,
hepatocellular damage, severe sepsis, prolonged fasting, and extreme
malnutrition

Complete blood
chemistry

Yes Yes Kidney, hepatocellular, metabolic, and electrolyte evaluation

Urinalysis NE Yes Loss of blood and proteins, changes in urine density

HIV, hepatitis,
drugs, pregnancy

R R They are requested based on the clinical history and experience data. HIV is
prudent for the protection of medical and paramedical personnel

NE = not essential; R = recommendable.

Table 4. Parameters for pre-anesthetic evaluation in plastic surgery [5].
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Elderly patients require a more elaborate evaluation, in which it is wise to include the geriatri-
cian. In this group of sick patients, a list that includes all the medications they take should be
made, including antihypertensive, diuretic, vasodilator, MAO inhibitors, antidepressants, anal-
gesics, hormones, hypoglycemic agents, vitamins andminerals, etc. The anesthesiologist must be
familiar with these drugs and know their possible drug interactions. The usual pre-anesthetic
assessment parameters in healthy patients and patients with comorbidities are listed in Table 4.

There are patients who should not be operated, and this decision must be made by the
anesthesiologist, regardless of the opinion of the patient and his/her surgeon since loss of
safety rules leads to catastrophic nonreversible events [14].

Once the anesthetic assessment has been finalized and the best anesthetic plan has been agreed
upon and the possible eventualities discussed, the informed consent must be obtained, which
as a rule must be signed by the patient, the doctor, and a witness. This document should
mention the details of the proposed anesthetic technique, its side effects, and possible compli-
cations in a detailed manner. A well-prepared informed consent is a legal document that does
not exclude us from a lawsuit, but when it is not done properly, it can be a legal component
against the medical team [14–16].

4. Pre-anesthetic medication

The goal of pre-anesthetic medication is to help the patient to arrive to the operating room with
sedation, hypnosis, prevention of nausea and vomiting, and with preemptive analgesia.
Midazolam and lorazepam are the most commonly used benzodiazepines. Midazolam is more
useful in short procedures, although it is less amnesic than lorazepam. There is evidence that
melatonin 3–10 mg administered as part of pre-anesthetic medication reduces preoperative anxi-
ety, decreases postoperative pain intensity and opioid consumption, improves postoperative sleep
quality, and reduces emergence behavior and postoperative delirium. Also, preoperativemelatonin
could reduce oxidative stress and anesthetic requirements [17–20]. To prevent nausea and
vomiting, it is advisable to use two or more drugs [21]; combining droperidol with dexamethasone
is as effective as the combination of ondansetron with dexamethasone. Metoclopramide tends to
disappear due to its low clinical effectiveness compared to the new antiemetics. It is convenient to
administer omeprazole or ranitidine to reduce the acidity and volume of the gastric secretion.
Preemptive analgesia is achieved with the administration of various drugs such as intravenous
magnesium, NSAIDs, gabapentinoids, and ketamine to name a few.

5. Anesthesia techniques

In general terms, regional anesthesia techniques are more recommendable than those of gen-
eral anesthesia since they have less complications and favor a safer recovery, with better
postoperative analgesia. In the following paragraphs, several anesthetic procedures are
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discussed and are related primarily to outpatient surgery since most plastic surgery patients
are discharged the same day of their intervention. Figure 1 shows all the anesthetic techniques
that can be used in plastic surgery procedures, a wide range of combinations being possible.

For more details of some anesthetic technique, the reader is referred to the pertinent chapters
of this book.

5.1. Conscious sedation

The objective of conscious sedation is to have a patient in a status of restfulness that allows the
surgeon to inject local anesthetics and perform their operative procedure with safety and
comfort for the patient, while the anesthesiologist is responsible for drug sedation and
checking the stability of all systems using conventional monitoring and added BIS. The most
frequent surgeries are those of the face and neck, hair implants, liposuction of small areas,
dermabrasion with laser, and occasionally breast implants. A clear understanding must be
established with the patient and the surgeon about the objectives of conscious sedation: the
technique is not anesthesia, so the operative pain is managed by the surgeon through the
frequent injection of local anesthetics. The opioids used in these cases are a primary part of
sedation, not for analgesia. Figure 2 shows the most important differences between conscious
sedation and general anesthesia; note that in conscious sedation the patient maintains the
integrity of the airway and its protective reflexes, unlike general anesthesia. There is a tenuous

Figure 1. Anesthesia techniques that can be used for plastic surgery.
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line of separation between deep sedation and general anesthesia, a situation that often
warrants securing the airway and protecting the patient changing the technique to general
anesthesia.

There are several types of drugs that are used in conscious sedation: anxiolytics, sedatives,
butyrophenones, barbiturates, hypnotics, opioids, and alpha2 agonists (Table 5).

The 2018 ASA guidelines for sedation added the following recommendations: patient evalua-
tion and preparation, continual monitoring of ventilatory function with capnography to sup-
plement standard monitoring by observation and pulse oximetry, presence of an individual in
the procedure room with knowledge and skills to recognize and treat airway complications,
sedatives and analgesics not intended for general anesthesia (e.g., benzodiazepines and

Figure 2. Spectrum of alertness, conscious sedation, deep sedation, and general anesthesia [6].

Anesthesia
techniques

Opioids Benzodiazepines Hypnotics Alpha-2 Anesthetic
gases

Muscle relaxants

TIVA Fentanyl,
remifentanil,
alfentanil

Midazolam Propofol,
ketamine

Dexmedetomidine Nitrous
oxide

Vecuronium
rocuronium,
atracurium

General Fentanyl
Morphine

Midazolam,
diazepam

Propofol,
ketamine,
thiopental

Clonidine,
dexmedetomidine

Desflurane
Sevoflurane
Isoflurane

Vecuronium
rocuronium,
atracurium

Conscious
sedation

Fentanyl
Remifentanil
Morphine
Buprenorphine

Midazolam,
lorazepam

Propofol,
ketamine,
barbiturates

Clonidine,
dexmedetomidine

No No

TCI Remifentanil No Propofol No No No

MAC = monitored anesthetic care; TCI = target-controlled infusion.

Table 5. Anesthesia techniques and examples of usual drugs.
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dexmedetomidine), sedatives and analgesics intended for general anesthesia (e.g., propofol,
ketamine, and etomidate), recovery care, and creation and implementation of quality improve-
ment processes [22].

5.2. General anesthesia

General anesthesia can be used in all plastic surgery procedures if the location where they have
been scheduled fulfills with all safety regulations. This rule should not be violated, especially
in medical offices that have been supplemented with an operating room (office based). General
anesthesia techniques are used in very short procedures, in patients who reject regional tech-
niques, and as a complement to regional anesthesia when this is not sufficient. In prolonged
surgeries of more than 3 hours, it is prudent to avoid the use of general anesthesia when this is
possible to prevent risks and undesirable side effects such as nausea, vomiting, oropharyngeal
discomfort secondary to the endotracheal tube or laryngeal mask, DVT, PE, postoperative
pain, postoperative delirium, and so on. The costs of general anesthesia, although not a
definitive factor, do influence the anesthesiological decision, particularly when the procedures
are very long. The selection of patients for general anesthesia must be meticulous and exclude
those cases with associated pathologies: angina, recent history of cardiac infarction, cardiomy-
opathies, uncontrolled arterial hypertension, terminal renal failure, sickle cell anemia, patients
in need of organ transplantation, active multiple sclerosis, severe chronic obstructive pulmo-
nary disease, difficult airway, malignant hyperthermia, abuse of illegal drugs, dementia, myas-
thenia gravis, obstructive sleep apnea, and etcetera [23, 24]. In some of these associated
pathologies, it is possible to perform plastic surgery; however, precautions must be taken for
each disease due to potential complications.

When general anesthesia has been chosen, the drugs to be used should be selected for safety
and anesthetic efficacy, in accordance with the surgical location. The ideal technique does not
exist, but it must be ensured that it is with a gentle and rapid induction, with adequate
operative conditions, with great hemodynamic stability and fast recovery, without side effects,
with good control of postsurgical acute pain, with emesis, and with preventive management of
postoperative chronic pain. There is not enough evidence to select one drug over another;
however, the halogenated anesthetics desflurane, sevoflurane, and isoflurane have demon-
strated their versatility in outpatients with a minimum of differences that do not impact the
transoperative evolution or the recovery of patients [23, 25]. It is convenient to avoid nitrous
oxide due to the high incidence of postoperative nausea and vomiting. Propofol, ketamine,
and remifentanil have been widely accepted in this field, each of them having certain advan-
tages. The combination of propofol-ketamine has been studied by Friedberg [25] and proposed
as an alternative to inhalational anesthesia.

5.3. Regional anesthesia

Regional anesthesia has had an increasing resurgence since it favors several positive aspects in
the trans, operative period, and in the recovery phase. Local anesthesia is performed by the
plastic surgeon in cases of minimal invasion such as blepharoplasty, chin implant, and some
small liposuction among other procedures. Neuraxial anesthesia, especially spinal anesthesia,
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niques, and as a complement to regional anesthesia when this is not sufficient. In prolonged
surgeries of more than 3 hours, it is prudent to avoid the use of general anesthesia when this is
possible to prevent risks and undesirable side effects such as nausea, vomiting, oropharyngeal
discomfort secondary to the endotracheal tube or laryngeal mask, DVT, PE, postoperative
pain, postoperative delirium, and so on. The costs of general anesthesia, although not a
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in need of organ transplantation, active multiple sclerosis, severe chronic obstructive pulmo-
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thenia gravis, obstructive sleep apnea, and etcetera [23, 24]. In some of these associated
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exist, but it must be ensured that it is with a gentle and rapid induction, with adequate
operative conditions, with great hemodynamic stability and fast recovery, without side effects,
with good control of postsurgical acute pain, with emesis, and with preventive management of
postoperative chronic pain. There is not enough evidence to select one drug over another;
however, the halogenated anesthetics desflurane, sevoflurane, and isoflurane have demon-
strated their versatility in outpatients with a minimum of differences that do not impact the
transoperative evolution or the recovery of patients [23, 25]. It is convenient to avoid nitrous
oxide due to the high incidence of postoperative nausea and vomiting. Propofol, ketamine,
and remifentanil have been widely accepted in this field, each of them having certain advan-
tages. The combination of propofol-ketamine has been studied by Friedberg [25] and proposed
as an alternative to inhalational anesthesia.

5.3. Regional anesthesia

Regional anesthesia has had an increasing resurgence since it favors several positive aspects in
the trans, operative period, and in the recovery phase. Local anesthesia is performed by the
plastic surgeon in cases of minimal invasion such as blepharoplasty, chin implant, and some
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has been favored by its advantages (Table 6). Capdevila and Dadure [26] consider that the
various techniques of regional anesthesia, including spinal anesthesia, are superior to general
anesthesia in limiting adverse effects and readmissions to the hospital, with better control of
postoperative pain [27]. In the following paragraphs, subarachnoid and epidural block are
described, although the latter is less used because it has more possibilities of undesirable
effects.

5.3.1. Neuraxial anesthesia

Neuraxial blocks offer several advantages over general anesthesia, as shown in Table 6. The
decrease in metabolic response to trauma, postoperative analgesia, lower incidence of nausea
and postoperative vomiting, and their low costs are just some of these advantages.

Subarachnoid anesthesia. Spinal anesthesia satisfies the current requirements of efficacy and
safety that allow early home discharges. It produces an optimal anesthetic status, is easy to
administer, has a quick start, and has a low cost. The recovery of the motor and sensory block
can be manipulated according to the operative time when local anesthetics and adjuvant drugs
available for clinical use are used rationally. Side effects are easy to manage, and complications
are rare [27, 28]. There are multiple studies in various clinical scenarios that demonstrate the
benefits of spinal anesthesia using small spinal needles (gauge 26–29), with cutting or pencil
tip in patients undergoing ambulatory or short-stay surgical procedures [29–31]. Spinal anes-
thesia versus desflurane [32] in ambulatory patients demonstrated, in addition to a lower cost
with spinal anesthesia, that 50% of those who received general anesthesia required postoper-
ative analgesia versus 0% in those who were managed with subarachnoid block. Another
research [33] found no cost difference between both techniques and showed that administering
spinal anesthesia consumes more time (18 � 8 min vs. 10 � 3 min), with more time in the
postanesthesia recovery room (123 � 51 min vs. 94 � 48 min). The antiemetic requirements
were higher in general anesthesia (8% vs. 14%), while the need for analgesics in the immediate
postsurgical period was only 25% in those who were treated with spinal anesthesia versus 75%
in the group treated with general anesthesia. Carrada et al. [34] compared three spinal needles,

General Sedation Peridural Spinal Combined PNB*

Bleeding ++++ ++ ++ ++ + a ++ + a ++

DVT/TEP risk High Low Low Low Low Low

Anesthetic toxicity Remote Remote Feasible Very remote Feasible Feasible

Hypoxia PO Frequent Possible Possible Possible Possible Possible

Analgesia PO No No Yes Yes Yes Yes

Technical difficulty Remote No Possible Possible Possible Frequent

Cognitive disorders ++++ ++ ++ ++ + No

Cost High High Medium Low High High

*Peripheral nerve block.

Table 6. Advantages and disadvantages of the different techniques in anesthesia for plastic surgery.
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Atraucan 26, Quincke 26, and Whitacre 27, in young patients and found a very low incidence
of post-dural-puncture headache (PDPH), without statistical significance among the three
groups. In plastic surgery spinal anesthesia is used for surgical procedures involving the
abdomen, perineum, and lower extremities. Any surgical procedure below the sixth derma-
tome is viable to be managed with spinal anesthesia. In some ambulatory plastic surgery
procedures, it is possible to use lumbar subarachnoid block with diffusion up to T2–T3
dermatomes, for breast surgery and chest liposuction [7, 8, 27, 28]. Tables 7 and 8 list cosmetic
surgery procedures and the doses of local anesthetics in which it is possible to use subarach-
noid anesthesia, including the cases mentioned up to T2–T3 dermatomes. In some circum-
stances, it is prudent to use the combined epidural-intrathecal technique to ensure enough
duration in some procedures [7].

When the scheduled plastic surgery is longer than 2 hours, it is advisable to add an adjuvant
drug such as clonidine in doses of 75, 150–300 μg, fentanyl 12.5–25 μg, or sufentanil 5–10 μg
[27, 35]. It is imperative to consider that the operative time could be longer than the surgeon’s
estimate since there are many “dead times” that prolong the total time required to complete
the surgery. Table 9 shows the possibilities of mixtures of local anesthetic plus adjuvants
according to the expected surgical times. Note that the possibility of 1-hour surgeries is
included, which is rare in this field: scar reviews, small areas of liposuction, perineal plasties,
etc. The combination of procaine + clonidine + fentanyl is excellent. Low doses of local anesthetic
of the family pipecoloxylidide (PPX) (bupivacaine, mepivacaine, ropivacaine, and levobupi-
vacaine) are good but usually last longer, and in a very busy environment, they could prolong
the time of home discharge. For surgeries lasting up to 2 hours, local anesthetic PPX in low
doses and added adjuvant drugs are an ideal combination.

The local hyperbaric anesthetics have an ampler intrathecal cephalic diffusion than the isobaric
ones, which is useful in the operative procedures in high dermatomes (upper abdomen and
thorax). On the other hand, isobaric local anesthetics are better in the pelvis and lower extrem-
ities. Opioids, especially fentanyl, improve the quality of anesthesia without affecting recovery.

Surgery Spinal Epidural APEC

Anesthetic Adjuvant Anesthetic Adjuvant Anesthetic Adjuvant

Liposuction L, B, LB, R, M C, F L, R, B, LB, M C, F L, R,B, LB, M C, F, S

Liposculpture B, LB, R, M C, F L, R, B, LB, M C, F L, R,B, LB, M C, F, S

Buttocks implants L, B, LB, R, M C L, B, LB, R, M C L, R,B, LB, M C, F, S

Calf implants L, B, LB, R, M C L, B, LB, R, M C L, R,B, LB, M C, F, S

Breast with liposuction B, LB, R, M C, F L, R, B, LB, M C, F L, R,B, LB, M C, F, S

Breast — — L, R, B, LB, M no — —

APEC = combined peridural-spinal anesthesia; L = lidocaine; B = racemic bupivacaine; LB = levobupivacaine; R = ropi-
vacaine; M = mepivacaine; C = clonidine; F = fentanyl; S = sufentanil.

Table 7. Frequent procedures and regional techniques in ambulatory cosmetic surgery [20].
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dermatomes, for breast surgery and chest liposuction [7, 8, 27, 28]. Tables 7 and 8 list cosmetic
surgery procedures and the doses of local anesthetics in which it is possible to use subarach-
noid anesthesia, including the cases mentioned up to T2–T3 dermatomes. In some circum-
stances, it is prudent to use the combined epidural-intrathecal technique to ensure enough
duration in some procedures [7].

When the scheduled plastic surgery is longer than 2 hours, it is advisable to add an adjuvant
drug such as clonidine in doses of 75, 150–300 μg, fentanyl 12.5–25 μg, or sufentanil 5–10 μg
[27, 35]. It is imperative to consider that the operative time could be longer than the surgeon’s
estimate since there are many “dead times” that prolong the total time required to complete
the surgery. Table 9 shows the possibilities of mixtures of local anesthetic plus adjuvants
according to the expected surgical times. Note that the possibility of 1-hour surgeries is
included, which is rare in this field: scar reviews, small areas of liposuction, perineal plasties,
etc. The combination of procaine + clonidine + fentanyl is excellent. Low doses of local anesthetic
of the family pipecoloxylidide (PPX) (bupivacaine, mepivacaine, ropivacaine, and levobupi-
vacaine) are good but usually last longer, and in a very busy environment, they could prolong
the time of home discharge. For surgeries lasting up to 2 hours, local anesthetic PPX in low
doses and added adjuvant drugs are an ideal combination.

The local hyperbaric anesthetics have an ampler intrathecal cephalic diffusion than the isobaric
ones, which is useful in the operative procedures in high dermatomes (upper abdomen and
thorax). On the other hand, isobaric local anesthetics are better in the pelvis and lower extrem-
ities. Opioids, especially fentanyl, improve the quality of anesthesia without affecting recovery.
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Table 7. Frequent procedures and regional techniques in ambulatory cosmetic surgery [20].
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Subarachnoid anesthesia in plastic surgery procedures can be done with a single injection,
with or without adjuvant drugs, usual doses, low doses or high doses, or combined with
extradural anesthesia. The single injection with spinal anesthesia with mono-dose is an easy,

Surgery Concentration of local anesthetic and total dose in mg

Ropivacaine (0.75%) Levobupivacaine (0.75%) Bupivacaine (0.5–0.75%) Lidocaine (2%)

Liposuction 10–22.5 7.5–18 7.5–15 50–100

Liposculpture 10–22.5 7.5–18 7.5–15 50–100

Buttocks implants 15 10 10 100

Calf implants 15 10 10 100

Breast with liposuction 22.5 18 18 No

*Local hyperbaric anesthetics. The addition of adjuvants will depend on the expected time of surgery.
Lumbar approach, with local hyperbaric anesthetic. With or without high lumbar epidural catheter.

Table 8. Outpatient plastic surgery procedures and doses of intrathecal local anesthetics* [20].

Approximate duration Drugs and recommended doses Observations

Surgery up to 1 hour Lidocaine 30–100 mg The use of lidocaine tends to disappear due to the
possibility of local neurotoxicity

Lidocaine 30–50 mg + clonidine 75 μg

Lidocaine 30–50 mg + fentanyl 25 μg

Bupivacaine 5–7.5 mg + clonidine 75 μg
or fentanyl 25 μg

Local anesthetics of the PPX family used in low doses
tend to replace the use of lidocaine in brief procedures

Levobupivacaine 5–7.5 mg + clonidine
75 μg or fentanyl 25 μg

Ropivacaine 7.5–10 mg + clonidine
75 μg or fentanyl 25 μg

Procaine 100–200 mg + clonidine 75 μg
or fentanyl 25 μg

Its short duration improves with the addition of
adjuvants

Surgery from 1 to
2 hours

Bupivacaine 10–15 mg + clonidine
150 μg and/or fentanyl 25 μg

The duration of the average doses of PPX local
anesthetics is prolonged with the addition of clonidine
in a dose-dependent manner

Levobupivacaine 10–15 + clonidine
150 μg and/or fentanyl 25 μg

Ropivacaine 15–20 + clonidine 75 μg
and/or fentanyl 25 μg

Surgery greater than
2 hours

Bupivacaine 15–20 mg + clonidine
150–300 μg and/or fentanyl 25 μg

High doses of clonidine favor spinal anesthesia that
can reach 3–5 hours of surgical anesthesia, with
excellent postoperative analgesia

Levobupivacaine 15–20 mg + clonidine
150–300 μg, and/or fentanyl 25 μg

Ropivacaine 20–30 mg + clonidine
150–300 μg and/or fentanyl 25 μg

Table 9. Local anesthetics and coadjuvant drugs in spinal anesthesia [20].
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safe, and economic technique that produces a deep anesthetic and motor block, with a low
incidence of failure and undesirable side effects. It is the procedure most used in short- and
medium-length surgeries, being able to be used in some prolonged procedures such as
abdominoplasties with or without breast surgery. It is recommended to use small spinal
needles G26, G27, and G29, with blunt tip, cutting tip, or special cutting tip. Low doses of
long-acting local anesthetics play an important role in outpatients [27, 28]. A comparative
study with 6 mg of hypobaric bupivacaine (0.5% in 1.2 mL) versus 6.1 mg of almost hypobaric
bupivacaine (0.18% in 3.4 mL) had similar effects on the anesthetic level, duration of sensory,
and motor block [36]. Dosage of 6 mg of bupivacaine versus 7.5 mg of bupivacaine [37], both
doses added with 25 μg of fentanyl, has similar results in terms of diffusion, duration, and
regression of the sensory block. Doses between 5 and 8 mg of ropivacaine, levobupivacaine, or
bupivacaine provide up to 150 minutes of intrathecal anesthesia, enough time for most outpa-
tient procedures in cosmetic surgery, time that can be prolonged with the addition of 150–300 μg
of spinal clonidine up to 3–5 hours. The most used doses vary from 10 to 15 mg of hyperbaric
bupivacaine, being possible to increase these doses up to 20–25 mg in special cases. Drowsi-
ness, bradycardia, and hypotension of easy control are the most frequent effects.

Epidural block. The epidural block is indicated in the same type of surgery as spinal anesthesia,
although there are some important considerations: (a) The doses of local anesthetic should be
monitored since in prolonged procedures or those in which local anesthetics are injected by the
surgeon, there is the possibility of systemic toxicity when the recommended total doses are
exceeded or in a delayed form by absorption from the injection site. It is important to remem-
ber that lidocaine metabolites have a neuro- and cardiotoxic systemic effect. (b) The initial
epidural test dose with local anesthetic should always be repeated before applying a booster
dose, especially when the patient has been repositioned in the surgical table (a frequent
situation in plastic surgery), due to the possibility that the epidural catheter may be moved
from its initial epidural placement [38]. (c) Apparent or unnoticed accidental dural puncture
and subsequent PDPH is a possibility, even in the most experienced hands. (d) The quality of
the anesthesia is not as deep as that produced by the subarachnoid injection. On the other
hand, extradural blockade has the advantage of being able to be prolonged during several
days for postoperative analgesia in patients who require it. Ropivacaine, levobupivacaine, and
racemic bupivacaine, added with clonidine, fentanyl, sufentanil, or morphine, are recomm-
ended, according to the expected surgical time. Hafezi et al. [39] compared 24 cases of tummy
tuck-liposuction performed with general anesthesia versus 371 patients managed with epidu-
ral block and found a case with PE in the first group (4%). No cases of DVT/PE were found in
the second group. The authors attribute this finding to the differential blockade with epidural
bupivacaine that allows transoperative movements of the lower extremities which could be a
prophylactic factor of DVT and resultant PE.

Combined subarachnoid-epidural anesthesia. In cases with prolonged surgeries, it is advisable to
place an inert lumbar epidural catheter with a cephalad direction to guarantee that in case
surgery is prolonged, the anesthetic time can be amplified [7]. When this technique is used, an
epidural test dose should always be injected since it is possible that the catheter may migrate to
the subdural or subarachnoid space, or there may be migration of the anesthetic or adjuvants
through the previous dural orifice [38].
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Contraindications of neuraxial anesthesia. Contraindications of neuraxial anesthesia have been
modified and are currently reduced to well-defined situations as shown in Table 10. In
addition to these general contraindications, there are few situations in which it is not appro-
priate to use spinal anesthesia in this group of patients. Patients planning a flight in the days
immediately following their surgery should not receive spinal anesthesia, since pressure
changes in the aircraft cabins could facilitate the exit of cerebrospinal fluid through the hole
in the dura mater. Patients who live far from the site where they are anesthetized and who are
not willing to return to the surgical location should not be managed with spinal anesthesia
since in both instances the patient could develop PDPH. Although this is not likely to occur,
the mere fact of not being able to return to the place where they were anesthetized could imply
that they should be treated by other anesthesiologists in their place of origin, which could
facilitate unnecessary legal medical problems [28].

Complications of neuraxial anesthesia. Although spinal anesthesia started with a complicated case
of PDPH more than 100 years ago, it has been shown to be safe in outpatient and non-
ambulatory patients. Its complications include (a) The immediate ones that include failure of
the procedure, total spinal anesthesia due to high doses, direct trauma to the spinal nerves, and
injury to the conus medullaris or the spinal cord. Arterial hypotension and bradycardia are
frequent, especially in young patients, which can progress to cardiac arrest if not managed in a
timely manner. In 1988, Caplan [40] drew attention by publishing 14 cases of unexpected
cardiac arrest during spinal anesthesia, an event that continues to occur with an incidence as
variable as 1.3–18 cases in 10,000 or 6.4 � 1.2 in 10,000 spinal anesthesia. The decrease in
preload volume promotes bradycardia mediated by three different reflex mechanisms:
decrease in the frequency of the cardiac pacemaker due to a decrease in the distension of its
fibers, decrease in the trigger pressure of the baroreceptors of the right atrium and the vena
cava superior, and the involvement of the Bezold-Jarisch reflex when the receptors of the left

Absolute

• Patient rejection
• Severe coagulation disorders
• Cutaneous sepsis at the possible puncture site

Relative

• Septicemia
• Pre-existing diseases of the central nervous system
• Multiple sclerosis
• Spina bifida
• Neoplasms
• Derived hydrocephalus
• Anticoagulation
• Thrombocytopenia and thrombasthenia
• Severe anatomical alterations
• Conditions dependent on the preload
• Aortic stenosis
• Obstructive hypertrophic cardiomyopathy
• Travel by plane in a postanesthetic medium
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ventricle are stimulated by the fall of the ventricular volume. The vagal response to the preload
decrease produces even more bradycardia that can be accompanied by nausea, vomiting,
diaphoresis, and syncope, which can progress to cardiovascular collapse and death. (b) Later
complications occur when the anesthetic block has ended and within a month of evolution:
transient irritation syndrome of posterior roots, PDPH. Other uncommon complications are
bleeding, neuroinfections, arachnoiditis, and low back pain. Complications of epidural anes-
thesia are due to inadequate technique: perforation of the dura, PDPH, injection of drugs into
extradural veins with systemic manifestations of acute toxicity, inadequate anesthesia, rupture
or knot in the catheter, retention of the epidural catheter, local infections, etc.

Peripheral nerve blocks. This type of regional anesthesia is rarely used in plastic surgery since
most of these surgeries are bilateral. However, some blockages such as thoracic paravertebral,
intercostal approaches have been recommended in breast surgery because, in addition to
anesthesia, they produce excellent postoperative analgesia, reduction in postoperative opioid
consumption, less nausea and vomiting, as well as decrease in length of hospitalization time.
Interfacial plane blocks, although they do not produce adequate surgical anesthesia, are
recommended techniques for postoperative analgesia. Some of these blocks are discussed later
and in other chapters of this book.

6. Anesthesia for most common plastic surgeries

Without pretending to exhaust the topic, this section reviews the usual anesthesia techniques
for most common procedures in plastic surgery: breast implants, liposuction, abdominoplasty,
rhytidoplasty, combined cosmetic surgeries, and fat transfer.

6.1. Breast implants

Breast implant surgery occupies the first place among cosmetic surgery procedures in the USA,
and it is likely that the same happens in other countries. Most patients are healthy, but there are
some cases of women with breast reconstruction and implants who have a history of surgery
for breast cancer. Several anesthesia techniques have been described for this procedure such as
general inhaled or intravenous anesthesia, cervicothoracic epidural block, intercostal blocks,
facial plane blocks, and tumescent injection with lidocaine. The advantage of regional tech-
niques is that it produces less nausea, vomiting, postoperative pain, and has a lower cost
[41, 42]. Cervicothoracic epidural block with approach in C7–T1 and T3–T4, with lidocaine 1%,
ropivacaine 0.75%, bupivacaine 0.5%, or levobupivacaine 0.5% (8–12 mL), produces enough
anesthesia with better postoperative analgesia than general anesthesia. A single dose of one of
the mentioned local anesthetics is adequate in most cases, and when required, a second epidu-
ral dose must be injected through the epidural catheter. Epinephrine 1:80,000 can be added
(except when ropivacaine is used) to prolong duration of local anesthetics. The most common
side effects include transient elevation of blood pressure with tachycardia, tremor, nasal con-
gestion, and nausea. Hypotension and difficulty breathing are rare [42]. It is also possible to
use paravertebral or intercostal nerve blocks. Since Blanco et al. described ultrasound-guided
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Contraindications of neuraxial anesthesia. Contraindications of neuraxial anesthesia have been
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preload volume promotes bradycardia mediated by three different reflex mechanisms:
decrease in the frequency of the cardiac pacemaker due to a decrease in the distension of its
fibers, decrease in the trigger pressure of the baroreceptors of the right atrium and the vena
cava superior, and the involvement of the Bezold-Jarisch reflex when the receptors of the left
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ventricle are stimulated by the fall of the ventricular volume. The vagal response to the preload
decrease produces even more bradycardia that can be accompanied by nausea, vomiting,
diaphoresis, and syncope, which can progress to cardiovascular collapse and death. (b) Later
complications occur when the anesthetic block has ended and within a month of evolution:
transient irritation syndrome of posterior roots, PDPH. Other uncommon complications are
bleeding, neuroinfections, arachnoiditis, and low back pain. Complications of epidural anes-
thesia are due to inadequate technique: perforation of the dura, PDPH, injection of drugs into
extradural veins with systemic manifestations of acute toxicity, inadequate anesthesia, rupture
or knot in the catheter, retention of the epidural catheter, local infections, etc.

Peripheral nerve blocks. This type of regional anesthesia is rarely used in plastic surgery since
most of these surgeries are bilateral. However, some blockages such as thoracic paravertebral,
intercostal approaches have been recommended in breast surgery because, in addition to
anesthesia, they produce excellent postoperative analgesia, reduction in postoperative opioid
consumption, less nausea and vomiting, as well as decrease in length of hospitalization time.
Interfacial plane blocks, although they do not produce adequate surgical anesthesia, are
recommended techniques for postoperative analgesia. Some of these blocks are discussed later
and in other chapters of this book.

6. Anesthesia for most common plastic surgeries

Without pretending to exhaust the topic, this section reviews the usual anesthesia techniques
for most common procedures in plastic surgery: breast implants, liposuction, abdominoplasty,
rhytidoplasty, combined cosmetic surgeries, and fat transfer.

6.1. Breast implants

Breast implant surgery occupies the first place among cosmetic surgery procedures in the USA,
and it is likely that the same happens in other countries. Most patients are healthy, but there are
some cases of women with breast reconstruction and implants who have a history of surgery
for breast cancer. Several anesthesia techniques have been described for this procedure such as
general inhaled or intravenous anesthesia, cervicothoracic epidural block, intercostal blocks,
facial plane blocks, and tumescent injection with lidocaine. The advantage of regional tech-
niques is that it produces less nausea, vomiting, postoperative pain, and has a lower cost
[41, 42]. Cervicothoracic epidural block with approach in C7–T1 and T3–T4, with lidocaine 1%,
ropivacaine 0.75%, bupivacaine 0.5%, or levobupivacaine 0.5% (8–12 mL), produces enough
anesthesia with better postoperative analgesia than general anesthesia. A single dose of one of
the mentioned local anesthetics is adequate in most cases, and when required, a second epidu-
ral dose must be injected through the epidural catheter. Epinephrine 1:80,000 can be added
(except when ropivacaine is used) to prolong duration of local anesthetics. The most common
side effects include transient elevation of blood pressure with tachycardia, tremor, nasal con-
gestion, and nausea. Hypotension and difficulty breathing are rare [42]. It is also possible to
use paravertebral or intercostal nerve blocks. Since Blanco et al. described ultrasound-guided
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interfacial plane blocks for postoperative breast analgesia; modifications to the initial technique
have been published [43–45]. Interfacial blocks score over traditional regional anesthetic pro-
cedures as they have no risk of sympathetic blockade, intrathecal or epidural spread which
may lead to hemodynamic instability, and prolonged hospital stay [44]. These blocks are not an
alternative to general anesthesia, epidural anesthesia, or paravertebral blocks since they do not
produce adequate regional surgical anesthesia. However, they can be supplemented with
intravenous sedation techniques, general anesthesia, or neuraxial anesthesia. Postoperative
pain not only involves the breasts; it can extend to the sternum, lateral aspect of the thorax,
armpits, and middle back, being more severe when the implants are submuscular. Postopera-
tive pain can be managed with NSAIDs such as parecoxib, ibuprofen, ketoprofen, ketorolac, or
diclofenac combined with low doses of opioids. Tramadol is recommended because of its dual
mechanism of analgesic action. Methocarbamol can be associated with the previous scheme.
Some investigators have found adequate analgesia with the continuous or intermittent admin-
istration of local anesthetics through catheters implanted during surgery [46, 47]. It has not
been defined if paravertebral blocks decrease the incidence of chronic postoperative pain in
breast surgery [48].

6.2. Surgeries for abdominal contour

The evaluation of candidates for abdominal contour surgery allows patients to be classified
according to the possibilities of surgery taking in consideration the skin, fat, and muscles. This
group includes liposuction, abdominoplasty, abdominal muscle repair, and various combina-
tions that lengthen the operative time such as a 360� liposuction and mommy makeover.

Liposuction. Liposuction is the second most common procedure in plastic surgery, and it is
perhaps the one with the highest morbidity and mortality [49]. Liposuction consists in removing
fat from unwanted areas to build and improve contour. It can be performed in most subcutane-
ous fat deposits, beingmore frequent in the abdomen, hips, waist, torso, neck, and extremities. In
men, it is usually done also in the pectoral region. The selection of patients is a determining factor
since there are people who want to sculpt their silhouette because they have failed in weight loss
and are looking for massive liposuction as a fast track to their false expectations of a suitable
silhouette without taking into consideration that this procedure is not an alternative for the
management of obesity. The pre-anesthetic assessment should be meticulous and must reject
patients with moderate or severe cardiomyopathies or pneumopathies and those with thrombo-
philia or a history of pulmonary embolism. It is advisable not to associate liposuction with non-
plastic procedures such as gynecological surgery. Surgeon and anesthesiologist must make a
comprehensive management plan to meet the goals of patients, when possible. Figure 3 is a
plasticine model developed by one of our patients to inform the surgeon of her esthetic goals
with liposuction and fat gluteal grafting.

There are two types of liposuction: the dry technique and the tumescent one. The latter is
defined as the removal of subcutaneous fat under anesthesia infiltrated with large volumes of
saline solution added with epinephrine and a local anesthetic, usually lidocaine. The original
definition excludes the use of another type of anesthesia, whether it is neuraxial or general, as
well as the fact that it is done without the presence of an anesthesiologist. However, currently
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this type of liposuction is frequently done with epidural block, with spinal anesthesia, or with
general anesthesia, in addition to infiltration with Klein’s solution (50 mL of 1% lidocaine
solution (500 mg), 1 mL of 1:1000 epinephrine (1 mg), 1000 mL of 0.9% saline, and 12.5 mL of
8.4% NaH2CO3 solution (12.5 mEq)) [50]. This type of anesthesia involves a dose of lidocaine
35–55 mg/kg of body weight and added epinephrine to achieve concentrations of 0.25–1.5 mg/L,
without exceeding total adrenaline total dose of 50 μg/kg. These high doses make it obliga-
tory to perform these procedures in surgery rooms that have all the facilities for monitoring,
cardiac resuscitation, ventilatory support, and, always, recovery area under the care of an
anesthesiologist. It is an apparently low-risk procedure, which can be complicated by systemic
toxicity from local anesthetics, hypothermia, fat embolism, electrolyte imbalances with fluid
overload, and/or acute anemia [51, 52]. One of the limitations during cosmetic surgery, espe-
cially during tumescent liposuction, is the total dose of the local anesthetic. For this reason, it is
advisable not to combine liposuction with other procedures that require the injection of local
anesthetics as the maximum dose of these drugs can be exceeded. There is no informed
agreement in the literature on what is the top dose of lidocaine; the literature written by
dermatologists and plastic surgeons mentioned 55 mg/kg of weight [50, 52–54], whereas the
literature that comes from investigations carried out by anesthesiologists mentions 5 mg/kg of
weight. In Europe, it is considered safe to use a total of 200 mg of lidocaine without epineph-
rine, and up to 300 mg is allowed in the United States of America. When epinephrine is added,
the lidocaine dose in both regions is 500 mg. Epinephrine 1:200,000 reduces absorption of
subcutaneous lidocaine by 50% and intercostal, epidural, and brachial in 20–30% [55]. PPX
local anesthetics should never be used in tumescent liposuction. There is no agreement on the
best anesthetic technique for liposuction, whether it is the modality under local anesthesia with
the Klein solution or with general anesthesia or neuraxial block. With both procedures deaths
have been reported [49, 56, 57], and the reports are not completely reliable.

The total volume of fat removed should not exceed 5 L in a single intervention or not be greater
than 5% of body weight [58, 59]. Higher volumes increase the risk of complications, especially
hypovolemia due to bleeding and acute hydro-electrolytic alterations. Another topic of interest
in the management of these patients is the replacement of fluids during the trans-anesthetic
period; Trott et al. [60] recommended the following scheme: (a) liposuction of small volumes
(<4 L of aspirate) = maintenance liquids + the volume of the injected subcutaneous solution and

Figure 3. Plasticine model made by the patient to accurately show us the shape and size that she wants for her buttocks.
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interfacial plane blocks for postoperative breast analgesia; modifications to the initial technique
have been published [43–45]. Interfacial blocks score over traditional regional anesthetic pro-
cedures as they have no risk of sympathetic blockade, intrathecal or epidural spread which
may lead to hemodynamic instability, and prolonged hospital stay [44]. These blocks are not an
alternative to general anesthesia, epidural anesthesia, or paravertebral blocks since they do not
produce adequate regional surgical anesthesia. However, they can be supplemented with
intravenous sedation techniques, general anesthesia, or neuraxial anesthesia. Postoperative
pain not only involves the breasts; it can extend to the sternum, lateral aspect of the thorax,
armpits, and middle back, being more severe when the implants are submuscular. Postopera-
tive pain can be managed with NSAIDs such as parecoxib, ibuprofen, ketoprofen, ketorolac, or
diclofenac combined with low doses of opioids. Tramadol is recommended because of its dual
mechanism of analgesic action. Methocarbamol can be associated with the previous scheme.
Some investigators have found adequate analgesia with the continuous or intermittent admin-
istration of local anesthetics through catheters implanted during surgery [46, 47]. It has not
been defined if paravertebral blocks decrease the incidence of chronic postoperative pain in
breast surgery [48].

6.2. Surgeries for abdominal contour

The evaluation of candidates for abdominal contour surgery allows patients to be classified
according to the possibilities of surgery taking in consideration the skin, fat, and muscles. This
group includes liposuction, abdominoplasty, abdominal muscle repair, and various combina-
tions that lengthen the operative time such as a 360� liposuction and mommy makeover.

Liposuction. Liposuction is the second most common procedure in plastic surgery, and it is
perhaps the one with the highest morbidity and mortality [49]. Liposuction consists in removing
fat from unwanted areas to build and improve contour. It can be performed in most subcutane-
ous fat deposits, beingmore frequent in the abdomen, hips, waist, torso, neck, and extremities. In
men, it is usually done also in the pectoral region. The selection of patients is a determining factor
since there are people who want to sculpt their silhouette because they have failed in weight loss
and are looking for massive liposuction as a fast track to their false expectations of a suitable
silhouette without taking into consideration that this procedure is not an alternative for the
management of obesity. The pre-anesthetic assessment should be meticulous and must reject
patients with moderate or severe cardiomyopathies or pneumopathies and those with thrombo-
philia or a history of pulmonary embolism. It is advisable not to associate liposuction with non-
plastic procedures such as gynecological surgery. Surgeon and anesthesiologist must make a
comprehensive management plan to meet the goals of patients, when possible. Figure 3 is a
plasticine model developed by one of our patients to inform the surgeon of her esthetic goals
with liposuction and fat gluteal grafting.

There are two types of liposuction: the dry technique and the tumescent one. The latter is
defined as the removal of subcutaneous fat under anesthesia infiltrated with large volumes of
saline solution added with epinephrine and a local anesthetic, usually lidocaine. The original
definition excludes the use of another type of anesthesia, whether it is neuraxial or general, as
well as the fact that it is done without the presence of an anesthesiologist. However, currently
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this type of liposuction is frequently done with epidural block, with spinal anesthesia, or with
general anesthesia, in addition to infiltration with Klein’s solution (50 mL of 1% lidocaine
solution (500 mg), 1 mL of 1:1000 epinephrine (1 mg), 1000 mL of 0.9% saline, and 12.5 mL of
8.4% NaH2CO3 solution (12.5 mEq)) [50]. This type of anesthesia involves a dose of lidocaine
35–55 mg/kg of body weight and added epinephrine to achieve concentrations of 0.25–1.5 mg/L,
without exceeding total adrenaline total dose of 50 μg/kg. These high doses make it obliga-
tory to perform these procedures in surgery rooms that have all the facilities for monitoring,
cardiac resuscitation, ventilatory support, and, always, recovery area under the care of an
anesthesiologist. It is an apparently low-risk procedure, which can be complicated by systemic
toxicity from local anesthetics, hypothermia, fat embolism, electrolyte imbalances with fluid
overload, and/or acute anemia [51, 52]. One of the limitations during cosmetic surgery, espe-
cially during tumescent liposuction, is the total dose of the local anesthetic. For this reason, it is
advisable not to combine liposuction with other procedures that require the injection of local
anesthetics as the maximum dose of these drugs can be exceeded. There is no informed
agreement in the literature on what is the top dose of lidocaine; the literature written by
dermatologists and plastic surgeons mentioned 55 mg/kg of weight [50, 52–54], whereas the
literature that comes from investigations carried out by anesthesiologists mentions 5 mg/kg of
weight. In Europe, it is considered safe to use a total of 200 mg of lidocaine without epineph-
rine, and up to 300 mg is allowed in the United States of America. When epinephrine is added,
the lidocaine dose in both regions is 500 mg. Epinephrine 1:200,000 reduces absorption of
subcutaneous lidocaine by 50% and intercostal, epidural, and brachial in 20–30% [55]. PPX
local anesthetics should never be used in tumescent liposuction. There is no agreement on the
best anesthetic technique for liposuction, whether it is the modality under local anesthesia with
the Klein solution or with general anesthesia or neuraxial block. With both procedures deaths
have been reported [49, 56, 57], and the reports are not completely reliable.

The total volume of fat removed should not exceed 5 L in a single intervention or not be greater
than 5% of body weight [58, 59]. Higher volumes increase the risk of complications, especially
hypovolemia due to bleeding and acute hydro-electrolytic alterations. Another topic of interest
in the management of these patients is the replacement of fluids during the trans-anesthetic
period; Trott et al. [60] recommended the following scheme: (a) liposuction of small volumes
(<4 L of aspirate) = maintenance liquids + the volume of the injected subcutaneous solution and
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(b) liposuction of large volumes (aspirated ≥4 L) = maintenance liquids + the volume of the
solution injected +0.25 mL intravenous crystalloids per mL of aspirate extracted after 4 L.
These authors emphasize that this fluid replacement guide does not replace a good clinical
criterion and communication between the surgeon and the anesthesiologist is always funda-
mental. The goal is to maintain a normal intravascular volume with a postanesthetic hemato-
crit above 30% and albumin levels above 3 g.

The so-called 360� liposuction has become fashionable. It is a procedure that combines lipo-
suction of the entire truncal midsection to accomplish a complete curvier contour figure from
every angle. It can be combined with dermolipectomy, with plication of the rectus abdominis
muscle, and with or without umbilicoplasty or gluteal fat grafting [61, 62].

Abdominoplasty. Surgery of the abdominal wall usually involves resection of skin excess and
can be done with or without liposuction (lipoabdominoplasty) and with or without plication of
the rectus abdominis muscle [63]. The most common patients include those that have had
multiple pregnancies or patients that have lost a lot of weight either by dieting and exercise
or after bariatric procedures.

Mommy makeover. The combination of two or more simultaneous cosmetic surgeries has become
fashionable, particularly breast surgery and tummy tuck [64]. In our plastic surgery group, the
most usual combination is breast-abdominoplasty, liposuction, and gluteal lipoinjection. For
abdominal body contour surgeries (liposuction, abdominoplasty, and mommy makeover), we
prefer spinal anesthesia with lumbar approach, taking the block up to T4. Due to the length of
the procedure, it is prudent to use some adjuvant that prolongs the anesthetic time up to 4–5
hours. Bupivacaine 0.5% 15–20 mg added with clonidine 150–300 μg is strongly recommended
[27]. Ropivacaine or L-bupivacaine can also be used. The combination of two or more surgeries
of the body contour is now safe, having overcome the complications of the individual pro-
cedures. It is vital to establish measures to prevent DVT, PE, infections, and postoperative pain,
to name a few [64].

Rhytidoplasty. Cosmetic facial surgery involves several procedures, some of which are
performed under local anesthesia injected by the plastic surgeon [65]. Surgeries in which the
intervention of the anesthesiologist is required involve generally prolonged interventions, in
healthy patients or with added pathologies, in which plastic surgeons request the support of
an anesthesiologist to guarantee suitable transoperative care. Local anesthesia (subcutaneous
and nerve blocks) combined with conscious sedation is the technique most used in our clinic
[6]. Pre-anesthetic medication is the key to have a patient in optimal conditions: sedation,
anxiolysis, and preventive analgesia. We recommend 10 mg oral melatonin, 2 mg sublingual
lorazepam, and 0.1–0.2 mg of oral clonidine administered 1 hour before taking the patient to
the operating room. A low dose of an opioid (morphine 5–10 mg, fentanyl 25–50 mg,
buprenorphine 150–300 μg) may be given. To prevent nausea and vomiting, it is recomm-
ended to add dehydrobenzoperidol 1.25 mg, dexamethasone 4–8 mg, or any of the 5-HT3
receptor antagonists or setrons (ondansetron, granisetron, dolasetron, and palonosetron). For
maintenance, one or more drugs may be used in infusion: ketamine-midazolam, ketamine-
propofol, and dexmedetomidine with or without low doses of opioid [6, 25, 66]. These drugs
should be infused and diluted, in separate i.v. bags solutions to adjust the sedative, analgesic,
or dissociative dose with appropriate doses of each drug to maintain adequate sedation
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(Ramsay 3–4, BIS 80–70). Nasal oxygen should be administered throughout the procedure to
maintain normal O2 saturation. The patient must be monitored, as well as corneal protection to
avoid abrasive injuries. It is mandatory that the surgical group looks out frequently the total
dose of local anesthetic administered to avoid exceeding the recommended top doses. In the
first hour of surgery, the previous fast fluid deficit should be replaced and then administer
adequate volume to obtain diuresis of 0.5 mL/kg/hour.

In our opinion, general anesthesia should be avoided and reserved for very select, complex
cases or for patients who cannot tolerate or cooperate with conscious sedation [6]. The selec-
tion is indistinct and must be based on the physical conditions of the patient. In Lotus Med
Group, we use isoflurane, sevoflurane, or desflurane and avoid or minimize the use of muscle
relaxants. When the patient is extubated, special attention should be paid to avoid coughing
and bowing that may facilitate bleeding in the surgical site.

Autologous fat grafting. Autologous fat grafting refers to the transfer of fat from one or more
areas to other areas to improve body contouring. It is in vogue among plastic surgeons and
their patients. It is a natural filler, available, and easy to obtain, which is usually reintegrated in
the receptor sites, although it has an unpredictable percentage of resorption. The most frequent
areas where fat is transferred include the hips, buttocks, breast, face, and hands. A typical
grafting procedure is done in three phases: harvesting of adipose tissue from the donor area;
processing of the lipoaspirate to eliminate cellular debris, acellular oil, and excess of infiltrated
solution; and reinjection of the adipose tissue at the receptor site [67–69]. Lumbar approached
subarachnoid anesthesia is the technique of choice when the fatty tissue to be extracted is
below T4–T6, to be subsequently grafted to the buttocks, breast, and/or hips. We have
observed that spinal anesthesia decreases bleeding at the donor site when compared to general
anesthesia and facilitates rapid recovery, with less postoperative pain and home discharge on
the same day without complications.

7. Postoperative pain control

Acute postoperative pain is an unresolved issue, including plastic surgery patients. Most plastic
surgeryprocedures are accompanied bymoderate/intensepostoperative pain that can be disabling
and prolong the hospital stay. The multiple neural ending injuries in liposuction and tummy tuck,
even muscle elongations during breast implants, are just some examples that make it necessary to
plan a rational analgesic scheme. The ideal analgesia should start from the pre-anesthetic phase
using preemptive and preventing drugs. The combined use of opioids with NSAIDs is the corner-
stone in the prevention andmanagement of pain after plastic surgery. The controversy not clarified
about the utility versus the negative effects of cyclooxygenase inhibitors has favored multiple
investigations whose results allow the safe use of these drugs. Celecoxib 400 mg preoperatively
followedby 200mgevery 12 hours reduces pain; total dose of opioids facilitates early recovery [70].
Parecoxib 40 mg i.v. every 12 hours is effective, and when methylprednisolone 125 mg intrave-
nously is associated before surgery, it significantly reduces emesis [71]. This combination also
reduces postoperative fatigue. The combination of tramadol with ketorolac is part of our routine,
being able to replace acetaminophen with codeine. Mild pain can be treated with acetaminophen-
codeine or sodium metamizole (dipyrone). Pregabalin and gabapentin may have a preventive
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(b) liposuction of large volumes (aspirated ≥4 L) = maintenance liquids + the volume of the
solution injected +0.25 mL intravenous crystalloids per mL of aspirate extracted after 4 L.
These authors emphasize that this fluid replacement guide does not replace a good clinical
criterion and communication between the surgeon and the anesthesiologist is always funda-
mental. The goal is to maintain a normal intravascular volume with a postanesthetic hemato-
crit above 30% and albumin levels above 3 g.

The so-called 360� liposuction has become fashionable. It is a procedure that combines lipo-
suction of the entire truncal midsection to accomplish a complete curvier contour figure from
every angle. It can be combined with dermolipectomy, with plication of the rectus abdominis
muscle, and with or without umbilicoplasty or gluteal fat grafting [61, 62].

Abdominoplasty. Surgery of the abdominal wall usually involves resection of skin excess and
can be done with or without liposuction (lipoabdominoplasty) and with or without plication of
the rectus abdominis muscle [63]. The most common patients include those that have had
multiple pregnancies or patients that have lost a lot of weight either by dieting and exercise
or after bariatric procedures.

Mommy makeover. The combination of two or more simultaneous cosmetic surgeries has become
fashionable, particularly breast surgery and tummy tuck [64]. In our plastic surgery group, the
most usual combination is breast-abdominoplasty, liposuction, and gluteal lipoinjection. For
abdominal body contour surgeries (liposuction, abdominoplasty, and mommy makeover), we
prefer spinal anesthesia with lumbar approach, taking the block up to T4. Due to the length of
the procedure, it is prudent to use some adjuvant that prolongs the anesthetic time up to 4–5
hours. Bupivacaine 0.5% 15–20 mg added with clonidine 150–300 μg is strongly recommended
[27]. Ropivacaine or L-bupivacaine can also be used. The combination of two or more surgeries
of the body contour is now safe, having overcome the complications of the individual pro-
cedures. It is vital to establish measures to prevent DVT, PE, infections, and postoperative pain,
to name a few [64].

Rhytidoplasty. Cosmetic facial surgery involves several procedures, some of which are
performed under local anesthesia injected by the plastic surgeon [65]. Surgeries in which the
intervention of the anesthesiologist is required involve generally prolonged interventions, in
healthy patients or with added pathologies, in which plastic surgeons request the support of
an anesthesiologist to guarantee suitable transoperative care. Local anesthesia (subcutaneous
and nerve blocks) combined with conscious sedation is the technique most used in our clinic
[6]. Pre-anesthetic medication is the key to have a patient in optimal conditions: sedation,
anxiolysis, and preventive analgesia. We recommend 10 mg oral melatonin, 2 mg sublingual
lorazepam, and 0.1–0.2 mg of oral clonidine administered 1 hour before taking the patient to
the operating room. A low dose of an opioid (morphine 5–10 mg, fentanyl 25–50 mg,
buprenorphine 150–300 μg) may be given. To prevent nausea and vomiting, it is recomm-
ended to add dehydrobenzoperidol 1.25 mg, dexamethasone 4–8 mg, or any of the 5-HT3
receptor antagonists or setrons (ondansetron, granisetron, dolasetron, and palonosetron). For
maintenance, one or more drugs may be used in infusion: ketamine-midazolam, ketamine-
propofol, and dexmedetomidine with or without low doses of opioid [6, 25, 66]. These drugs
should be infused and diluted, in separate i.v. bags solutions to adjust the sedative, analgesic,
or dissociative dose with appropriate doses of each drug to maintain adequate sedation
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(Ramsay 3–4, BIS 80–70). Nasal oxygen should be administered throughout the procedure to
maintain normal O2 saturation. The patient must be monitored, as well as corneal protection to
avoid abrasive injuries. It is mandatory that the surgical group looks out frequently the total
dose of local anesthetic administered to avoid exceeding the recommended top doses. In the
first hour of surgery, the previous fast fluid deficit should be replaced and then administer
adequate volume to obtain diuresis of 0.5 mL/kg/hour.

In our opinion, general anesthesia should be avoided and reserved for very select, complex
cases or for patients who cannot tolerate or cooperate with conscious sedation [6]. The selec-
tion is indistinct and must be based on the physical conditions of the patient. In Lotus Med
Group, we use isoflurane, sevoflurane, or desflurane and avoid or minimize the use of muscle
relaxants. When the patient is extubated, special attention should be paid to avoid coughing
and bowing that may facilitate bleeding in the surgical site.

Autologous fat grafting. Autologous fat grafting refers to the transfer of fat from one or more
areas to other areas to improve body contouring. It is in vogue among plastic surgeons and
their patients. It is a natural filler, available, and easy to obtain, which is usually reintegrated in
the receptor sites, although it has an unpredictable percentage of resorption. The most frequent
areas where fat is transferred include the hips, buttocks, breast, face, and hands. A typical
grafting procedure is done in three phases: harvesting of adipose tissue from the donor area;
processing of the lipoaspirate to eliminate cellular debris, acellular oil, and excess of infiltrated
solution; and reinjection of the adipose tissue at the receptor site [67–69]. Lumbar approached
subarachnoid anesthesia is the technique of choice when the fatty tissue to be extracted is
below T4–T6, to be subsequently grafted to the buttocks, breast, and/or hips. We have
observed that spinal anesthesia decreases bleeding at the donor site when compared to general
anesthesia and facilitates rapid recovery, with less postoperative pain and home discharge on
the same day without complications.

7. Postoperative pain control

Acute postoperative pain is an unresolved issue, including plastic surgery patients. Most plastic
surgeryprocedures are accompanied bymoderate/intensepostoperative pain that can be disabling
and prolong the hospital stay. The multiple neural ending injuries in liposuction and tummy tuck,
even muscle elongations during breast implants, are just some examples that make it necessary to
plan a rational analgesic scheme. The ideal analgesia should start from the pre-anesthetic phase
using preemptive and preventing drugs. The combined use of opioids with NSAIDs is the corner-
stone in the prevention andmanagement of pain after plastic surgery. The controversy not clarified
about the utility versus the negative effects of cyclooxygenase inhibitors has favored multiple
investigations whose results allow the safe use of these drugs. Celecoxib 400 mg preoperatively
followedby 200mgevery 12 hours reduces pain; total dose of opioids facilitates early recovery [70].
Parecoxib 40 mg i.v. every 12 hours is effective, and when methylprednisolone 125 mg intrave-
nously is associated before surgery, it significantly reduces emesis [71]. This combination also
reduces postoperative fatigue. The combination of tramadol with ketorolac is part of our routine,
being able to replace acetaminophen with codeine. Mild pain can be treated with acetaminophen-
codeine or sodium metamizole (dipyrone). Pregabalin and gabapentin may have a preventive
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analgesic effect. Sener et al. [72] found that in patients of septorhinoplasty lornoxicam (25mg/day)
has better tolerability and postoperative analgesia than dipyrone (5 mg/day) administered with a
system of analgesia i.v. controlled by the patient. Gabapentinoids (gabapentin, pregabalin) and
ketamine have additive or synergistic effects that decrease the doses of anesthetics in the
transoperative and opioids in the immediate postoperative period.

Although the analgesic mechanism of esmolol (ultrashort-acting cardio-selective β1-adrenergic
receptor antagonist) is not well known [73], some clinical studies have resulted in a decrease in
propofol during the induction of general anesthesia, a reduction of general anesthetics during
maintenance, and a reduced dose of transoperative opioids, as well as it reduces immediate
postoperative pain [74–76]. Its use in rhinoplasty seems to reduce the dose of opioids in the
intraoperative period and the intensity of immediate postoperative pain [77, 78].

Regional analgesia, as mentioned before, has a very important role: local anesthesia infiltra-
tions and interfacial, paravertebral, intercostal, or epidural blocks.

8. Criteria for home discharge and home follow-up

Outpatient or short-stay plastic surgery patients should observe home discharge criteria that
have been established for other types of surgery. These basic criteria establish the home
discharge of patients in a safe manner and avoid readmissions due to complications.

Hemodynamic
stability

The return of vital signs to pre-anesthetic figures is mandatory

Alertness Patient awake, well oriented. Spinal anesthesia favors this state of alert which facilitates optimal
home discharges

Permeable oral
route

Tolerate the intake of liquids or solids without nausea or vomiting

Analgesia Controlled postoperative pain (EVA <2/10) with oral analgesics. Subarachnoid anesthesia with
adjuvants provides a prolonged period of analgesia that facilitates early home discharge and
reduces the dose of analgesics. It is convenient to prescribe a combination of opioid and non-opioid
analgesics according to the expected postoperative pain and the profile of each patient

Spontaneous
micturition

This is a controversial requirement. Some centers consider it as mandatory to avoid readmissions
by bladder balloon. In our practice we do not consider this requirement as indispensable, and the
patient is informed of the remote possibility of difficulty urinating. We avoid the use of intrathecal
morphine to reduce this risk

Ambulation Complete regression of the motor block is convenient. The patient can try to walk when he/she has
recovered the perianal sensitivity and can flex and extend the foot. In some cases, it is feasible to
discharge without 100% recovery

Headache Although the classic CPPD is presented as of the second post-block day, there are patients who can
develop it in the immediate postoperative period. It is prudent to investigate it with the patient
semi-seated or standing

Other Absence of bleeding at the operative site, ensure company, stay and transport to patients who do
not drive, establish possible means of communication such as telephone, FAX, email

Table 11. Criteria for home discharge.
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Uncontrolled pain, nausea, vomiting, and urinary retention are examples of frequent readmis-
sion to the surgical unit or hospital. In some patients it is not necessary to meet 100% of these
discharge criteria, but they should be warned of the natural evolution of the gradual disap-
pearance of the side effects of anesthesia and facilitate telephone communication with the
surgical unit, the surgeon, and the anesthesiologist. They require appropriate postanesthetic
and postsurgical indications, transportation, and occasional professional company. Each ambula-
tory surgery unit/hospital must have its own discharge criteria, in accordance with the published
guidelines andwith its own characteristics and needs of their patients: from simple scales to more
elaborate procedures such as the new Postoperative Quality Recovery Scale (PQRS) assessment
that evaluates six areas: physiological, nociceptive, emotional, daily activities, cognition, and
general patient perspective [79]. Table 11 shows the usual discharge home criteria. The proper
information on the patient evolution at the recovery house or patient home favors the prevention
and the opportune diagnosis of complications [80].

9. Preventive methods and complications

Medical ethics and government regulations emphasize excellent care and safeguard the health
needs of patients. The correct and sensitive communication of this carefulness is essential for a
correct anesthesiological care. The lesions associated with anesthesia are a frequent cause of
morbidity and litigation, so it is mandatory to identify the common factors associated with
peri-anesthetic injuries and thus reduces possible demands. In anesthesia for plastic surgery, as
in other surgical procedures, cardiopulmonary events are the most common errors or incidents
that cause severe neurological damage or death. The keys to prevent legal action against the
anesthesiologist are simple acts such as establishing an adequate relationship with the patient
and his family from the pre-anesthetic period, appropriate pre-anesthetic evaluation, filling
out the informed consent, always using the correct monitoring, performing the best anesthesia,
and postanesthetic care [14].

The complications in plastic surgery are due to four general factors: (a) characteristics of the
establishment where the procedure is performed, (b) type of surgery and surgeon, (c) physical
condition of the patient, and (d) quality of anesthesiological care. The study by Clayman and
Caffe [81] conducted in Florida, USA, with deceased patients who had been operated in office-
based surgery facilities found 36 deaths in 5 years, 18 related to plastic surgery, 3 of which
were seen by non-plastic surgeons, and 12 under general anesthesia, 10 of which were admin-
istered by anesthesiologists and 2 by nurse anesthetists. Seven of these cases died before
discharge and 11 after apparent appropriate discharge. The deaths that occurred before
patients were discharged from hospital were due to bronchospasm, deep sedation, one related
to illicit drug use, and the other to fatty embolism. Of the 11 patients discharged, seven died
due to possible thromboembolism. In the rest, the cause of death was not determined. Most of
these deaths could be avoided with simple measures such as adequate trans-anesthetic sur-
veillance, prophylaxis of DVT/PE, and optimal patient selection.

Deep vein thrombosis and pulmonary thromboembolism. These two entities are complications
frequently related to plastic surgery (liposuction and tummy tuck). The frequency of PE is
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postoperative pain [74–76]. Its use in rhinoplasty seems to reduce the dose of opioids in the
intraoperative period and the intensity of immediate postoperative pain [77, 78].
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tions and interfacial, paravertebral, intercostal, or epidural blocks.

8. Criteria for home discharge and home follow-up
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have been established for other types of surgery. These basic criteria establish the home
discharge of patients in a safe manner and avoid readmissions due to complications.

Hemodynamic
stability

The return of vital signs to pre-anesthetic figures is mandatory

Alertness Patient awake, well oriented. Spinal anesthesia favors this state of alert which facilitates optimal
home discharges

Permeable oral
route

Tolerate the intake of liquids or solids without nausea or vomiting

Analgesia Controlled postoperative pain (EVA <2/10) with oral analgesics. Subarachnoid anesthesia with
adjuvants provides a prolonged period of analgesia that facilitates early home discharge and
reduces the dose of analgesics. It is convenient to prescribe a combination of opioid and non-opioid
analgesics according to the expected postoperative pain and the profile of each patient

Spontaneous
micturition

This is a controversial requirement. Some centers consider it as mandatory to avoid readmissions
by bladder balloon. In our practice we do not consider this requirement as indispensable, and the
patient is informed of the remote possibility of difficulty urinating. We avoid the use of intrathecal
morphine to reduce this risk

Ambulation Complete regression of the motor block is convenient. The patient can try to walk when he/she has
recovered the perianal sensitivity and can flex and extend the foot. In some cases, it is feasible to
discharge without 100% recovery

Headache Although the classic CPPD is presented as of the second post-block day, there are patients who can
develop it in the immediate postoperative period. It is prudent to investigate it with the patient
semi-seated or standing

Other Absence of bleeding at the operative site, ensure company, stay and transport to patients who do
not drive, establish possible means of communication such as telephone, FAX, email

Table 11. Criteria for home discharge.
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and postsurgical indications, transportation, and occasional professional company. Each ambula-
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guidelines andwith its own characteristics and needs of their patients: from simple scales to more
elaborate procedures such as the new Postoperative Quality Recovery Scale (PQRS) assessment
that evaluates six areas: physiological, nociceptive, emotional, daily activities, cognition, and
general patient perspective [79]. Table 11 shows the usual discharge home criteria. The proper
information on the patient evolution at the recovery house or patient home favors the prevention
and the opportune diagnosis of complications [80].
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Medical ethics and government regulations emphasize excellent care and safeguard the health
needs of patients. The correct and sensitive communication of this carefulness is essential for a
correct anesthesiological care. The lesions associated with anesthesia are a frequent cause of
morbidity and litigation, so it is mandatory to identify the common factors associated with
peri-anesthetic injuries and thus reduces possible demands. In anesthesia for plastic surgery, as
in other surgical procedures, cardiopulmonary events are the most common errors or incidents
that cause severe neurological damage or death. The keys to prevent legal action against the
anesthesiologist are simple acts such as establishing an adequate relationship with the patient
and his family from the pre-anesthetic period, appropriate pre-anesthetic evaluation, filling
out the informed consent, always using the correct monitoring, performing the best anesthesia,
and postanesthetic care [14].

The complications in plastic surgery are due to four general factors: (a) characteristics of the
establishment where the procedure is performed, (b) type of surgery and surgeon, (c) physical
condition of the patient, and (d) quality of anesthesiological care. The study by Clayman and
Caffe [81] conducted in Florida, USA, with deceased patients who had been operated in office-
based surgery facilities found 36 deaths in 5 years, 18 related to plastic surgery, 3 of which
were seen by non-plastic surgeons, and 12 under general anesthesia, 10 of which were admin-
istered by anesthesiologists and 2 by nurse anesthetists. Seven of these cases died before
discharge and 11 after apparent appropriate discharge. The deaths that occurred before
patients were discharged from hospital were due to bronchospasm, deep sedation, one related
to illicit drug use, and the other to fatty embolism. Of the 11 patients discharged, seven died
due to possible thromboembolism. In the rest, the cause of death was not determined. Most of
these deaths could be avoided with simple measures such as adequate trans-anesthetic sur-
veillance, prophylaxis of DVT/PE, and optimal patient selection.

Deep vein thrombosis and pulmonary thromboembolism. These two entities are complications
frequently related to plastic surgery (liposuction and tummy tuck). The frequency of PE is
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variable: circular abdominoplasty (3.4%), simple tummy tuck (0.35%), tummy tuck plus
another plastic surgery procedure (0.79%), and abdominoplasty plus an intra-abdominal pro-
cedure (2.17%) [82, 83]. The plication of the rectus abdominis and the use of abdominal strips
favor the increase of intra-abdominal pressure, decrease in venous flow, venous dilatation, and
loss of normal biphasic venous flow at the popliteal level. The true impact of compression
garment devices on DVT is still unknown [84], and pharmacological and mechanical protocols
for thromboembolic prophylaxis in abdominoplasty seem to have similar results. This type of
patients must be managed with a perioperative prophylactic scheme including graduated
compression stockings, intermittent pneumatic compression tools, venous foot pumps, and
drugs such as low molecular weight heparin or low-dose unfractionated heparin (20 mg of
enoxaparin or equivalent daily for a week). Aspirin has been used successfully in major
orthopedic surgery [85] and could have utility in plastic surgery with the risk of DVT/PE. The
use of direct and indirect factor Xa inhibitions and thrombin inhibitors may be contraindicated
since they induce greater postoperative bleeding [86, 87]. There is controversy about the risk of
combining two or more plastic surgery procedures or other types (hysterectomy, colpoplasty,
cholecystectomy). From anesthesia view, it is known that if there is longer operative time there
are more possibilities of complications (bleeding, atelectasis, DVT, PE, alterations of the
immune response, among others). The surgical literature is contradictory, and there are studies
that favor combinations [83, 86, 87] and others that do not support this procedure [86].

Emesis. Postoperative and post-discharge nausea and vomiting remain the common and upset-
ting complications after plastic surgery. These symptoms interfere with the comfort of patients;
they can have harmful effects on the results of surgery favoring bleeding, delaying discharge,
and increasing costs [74]. There are several preventive schemes that have shown their effec-
tiveness at low costs; the most usual combinations are dehydrobenzoperidol-dexamethasone
and dexamethasone-ondansetron. The setrons (ondansetron, dolasetron, granisetron, tropise-
tron, and palonosetron) belong to a group of antiemetics with selective and potent antagonist
action on the serotonin receptors, which also have an action on gastrointestinal motility and
which lack antidopaminergic activity. Propofol 10 mg administered at the end of anesthesia
has an antiemetic effect. Metoclopramide continues to be used, although its low effectiveness
compared to other drugs and its side effects has decreased its use. The combination of trans-
dermal scopolamine with intravenous ondansetron is another effective management option
[87]. Brattwall and his group [88] found an antiemetic effect of smoking in breast augmenta-
tion. A prophylactic multimodal antiemetic regimen, suitable hydration, and opioid-sparing
postoperative analgesia will decrease postsurgical emesis.

Chapter 7 of this book discusses the most frequent and unusual complications of anesthesia
and plastic surgery.

10. Challenges

The challenges in anesthesia for plastic surgery patients are multiple since it is about people
with perfectionist ideas that seek to improve their self-esteem through showing a better figure.
This special personality makes them to search for a surgical medical team that guarantees their
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idealized success, which is based on information lacking scientific basis. On the other hand, the
increasing sites offering plastic surgery has favored a demand not only for quality but also for
more accessible prices. This nonmedical challenge is combined with the challenges of
anesthesiological care in healthy patients, in apparently normal cases, and in people with
systemic comorbidities. Each of these groups always requires a scrupulous comprehensive
preoperative medical assessment and the development of a modifiable anesthetic plan.
Another problem is the short and mediate term follow-up of these patients, since one way to
improve our anesthesiological techniques is to study the evolution outside the operating room.
The anesthesiologist rarely can see this type of outpatient or short-stay patient. So, it is prudent
to establish a means of communication from the time of the pre-anesthetic visit to a long
postanesthesia period. The Internet is by far the most viable way to determine what kind of
evolution each of these patients have, especially the study of complications.

Patient-tourists represent a significant challenge very little studied in plastic surgery. They are
people who have traveled for several hours or days, who come from other countries and who
usually have not had a surgical or pre-anesthetic evaluation. They must be evaluated quickly
and correctly to determine their viability to the procedures they want. It is common to see
uncommon pathologies that do not contraindicate anesthesia, but can influence perioperative
pharmacological management [2, 89].

11. Conclusions

Ambulatory and short-stay plastic surgery is growing logarithmically around the world.
Anesthesiologists are more often subjected to the challenge of providing anesthesia to these
patients, who on the other hand are scheduled every day for longer procedures and high risks
that previously disqualified them for outpatient procedures. To favor an adequate outcome in
this group of ambulatory patients—healthy and not so healthy, anesthesiologists should be
oriented to the rational use of short and intermediate action drugs, with the goal of reducing
morbidity and mortality. Techniques to prevent pain, nausea and vomiting, and early ambula-
tion will be the most accepted procedures. The anesthetic techniques for outpatient surgery
differ greatly from the procedures for short-stay patients, since the latter are scheduled to
remain hospitalized for a minimum of 24 hours, unlike outpatient in which to prolong their
stay beyond 5 pm can be considered as a failure in the anesthetic plan. A short recovery time
after anesthesia is very important for the patient, his doctors, and the surgical unit.

Plastic surgery performed in ambulatory surgery units has some potential benefits such as ease
of programming, reduced costs, and comfort for the patient and surgical staff. On the other
hand, the inconveniences of ambulatory anesthesia should be considered, such as nausea and
vomiting, uncontrolled postoperative pain, unplanned hospitalization, and, finally, occasional
death. The latter is the most feared and should not happen.

Ambulatory cosmetic surgeries can potentially be managed with any anesthesiological tech-
nique. Although most anesthesiologists use general anesthesia for these procedures, regional
anesthesia techniques have shown certain advantages such as better pain control, attenuation
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cholecystectomy). From anesthesia view, it is known that if there is longer operative time there
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immune response, among others). The surgical literature is contradictory, and there are studies
that favor combinations [83, 86, 87] and others that do not support this procedure [86].
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action on the serotonin receptors, which also have an action on gastrointestinal motility and
which lack antidopaminergic activity. Propofol 10 mg administered at the end of anesthesia
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more accessible prices. This nonmedical challenge is combined with the challenges of
anesthesiological care in healthy patients, in apparently normal cases, and in people with
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to establish a means of communication from the time of the pre-anesthetic visit to a long
postanesthesia period. The Internet is by far the most viable way to determine what kind of
evolution each of these patients have, especially the study of complications.
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people who have traveled for several hours or days, who come from other countries and who
usually have not had a surgical or pre-anesthetic evaluation. They must be evaluated quickly
and correctly to determine their viability to the procedures they want. It is common to see
uncommon pathologies that do not contraindicate anesthesia, but can influence perioperative
pharmacological management [2, 89].
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Ambulatory and short-stay plastic surgery is growing logarithmically around the world.
Anesthesiologists are more often subjected to the challenge of providing anesthesia to these
patients, who on the other hand are scheduled every day for longer procedures and high risks
that previously disqualified them for outpatient procedures. To favor an adequate outcome in
this group of ambulatory patients—healthy and not so healthy, anesthesiologists should be
oriented to the rational use of short and intermediate action drugs, with the goal of reducing
morbidity and mortality. Techniques to prevent pain, nausea and vomiting, and early ambula-
tion will be the most accepted procedures. The anesthetic techniques for outpatient surgery
differ greatly from the procedures for short-stay patients, since the latter are scheduled to
remain hospitalized for a minimum of 24 hours, unlike outpatient in which to prolong their
stay beyond 5 pm can be considered as a failure in the anesthetic plan. A short recovery time
after anesthesia is very important for the patient, his doctors, and the surgical unit.

Plastic surgery performed in ambulatory surgery units has some potential benefits such as ease
of programming, reduced costs, and comfort for the patient and surgical staff. On the other
hand, the inconveniences of ambulatory anesthesia should be considered, such as nausea and
vomiting, uncontrolled postoperative pain, unplanned hospitalization, and, finally, occasional
death. The latter is the most feared and should not happen.

Ambulatory cosmetic surgeries can potentially be managed with any anesthesiological tech-
nique. Although most anesthesiologists use general anesthesia for these procedures, regional
anesthesia techniques have shown certain advantages such as better pain control, attenuation
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of the response to operative stress, preserving perioperative immune function, better preserva-
tion of oxygenation and lung residual functional capacity, improvement of visceral vascular
flow, early recovery of postoperative ileus, and reduction of venous thrombotic disease and
pulmonary embolism.
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of the response to operative stress, preserving perioperative immune function, better preserva-
tion of oxygenation and lung residual functional capacity, improvement of visceral vascular
flow, early recovery of postoperative ileus, and reduction of venous thrombotic disease and
pulmonary embolism.
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Abstract

Brain monitored level of propofol hypnosis provides a numerically reproducible para-
digm to block negative ketamine side effects. 50 mg IV ketamine 3 minutes prior to local 
anesthetic injection blocks virtually all midbrain NMDA receptors and is the basis for 
nonopioid preemptive analgesia. Opioid avoidance essentially eliminates postoperative 
nausea and vomiting (PONV) as well as the need for antiemetic agents. Over the past 
20 years, no elective cosmetic surgical cases required hospital admission for either post-
operative pain control or PONV.

Keywords: brain monitoring, BIS/EMG, propofol, ketamine, nonopioid preemptive 
analgesia (NOPA), PONV

1. Introduction

Elective cosmetic surgery excludes medically indicated procedures like postmastectomy breast 
reconstruction, burn and tendon repair that are the more properly included in the area of 
plastic surgery. As such, general anesthesia (GA) risks that may be acceptable for medically 
indicated, plastic surgery patients may not be acceptable for elective cosmetic surgery patients. 
Cosmetic surgery is “want to” surgery. Plastic surgery is “have to” surgery.

While all cosmetic surgery can be performed under local anesthesia only, most surgical candi-
dates desire to not hear, feel or remember their procedures. Most surgeons prefer to concen-
trate on their surgery and not to have to speak with their patients during surgery. As such GA 
is commonly requested by many surgeons. Brain monitored propofol ketamine (“Goldilocks”) 
anesthesia (not too much, not too little, but just right) bridges the patient care gap between 
surgery under local only and the more commonly performed GA. “Goldilocks” anesthesia 
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simulates GA conditions (nonverbal, predominantly immobile patients) while trespassing the 
least on patient physiology, satisfying both patient and surgeon desires. “Goldilocks” anes-
thesia is numerically reproducible. “Goldilocks” anesthesia embodies Friedberg’s triad; i.e. 
Measure the brain, Preempt the pain, Emetic drugs abstain (Figure 1).

2. Direct cerebral cortical (brain) monitoring

When you can MEASURE what you are speaking about, and express it in NUMBERS, you know 
something about it; but when you cannot measure it, when you cannot express it in numbers, your 
knowledge is of a meager and unsatisfactory kind; it may be the beginning of knowledge, but you have 
scarcely, in your thoughts, advanced to the stage of SCIENCE.

William Thompson, knighted Lord Kelvin Popular lectures and addresses 1891–1894.

What was true for temperature measurement more than a century ago is also true for the 
direct measurement of patient’s cortical response to anesthetics. Without such measurement, 
there can be no science. Without science, there can be no reproducibility across the broad, 
and often unpredictable yet well-recognized, spectrum of individual patient response to 
medications.

Brain weight does not vary with body weight (i.e. the brain weight of a 100-kg male is NOT 
twice that of a 50-kg female). Traditional anesthetic dosing based on body weight does not 
account for individual sensitivities to medications and is, therefore, frequently in error.

Further adding to the possibility of dosing error is the twentieth century practice of rely-
ing on heart rate (HR) and blood pressure (BP) changes to ascertain cortical drug response. 
HR and BP changes primarily reflect brain stem response but are unreliable to accurately 
determine cortical response. Prior to the ability to measure cortical response, the knowledge 
gap between brain stem and cortical response led to routine overmedication (to avoid under 
medication with awareness and recall).

Figure 1. Friedberg’s triad.
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Pain and consciousness are processed at higher cortical levels (Figure 2). Fifty percent of 
patients experiencing awareness with recall under anesthesia had no HR or BP changes with 
which to alert their anesthesiologist [1]. Preventing anesthesia awareness is the least impor-
tant value of direct brain monitoring. No deaths have yet been reported from anesthesia 
awareness. However, one American overmedication death occurs daily! [2]. Preventing over 
medication is the major value of direct brain monitoring (Figure 3).

Complex mathematical modeling, i.e. pharmacodynamics (PD) and pharmacokinetics (PK), 
is based on body weight that may not accurately reflect individual cortical sensitivities. While 
currently unavailable in the US, target controlled infusion (TCI) only infers cortical response 
based on blood drug concentrations, again with possible error.

With the Federal Drug Administration (FDA) 1996 approval of the bispectral index™ (BIS) 
brain monitor, the promise of direct measurement of cortical hypnotic response to anesthetic 
drugs was made available to the anesthesia community. Competing cortical monitors have 
been introduced since 1996, but the BIS monitor remains the most well-validated brain moni-
tor on the market to date.

Anesthesia may be defined as the sum of hypnosis plus analgesia (Figure 4). Implicit in “hyp-
nosis” is amnesia for surgery and within “analgesia” is sufficient muscle relaxation to imbri-
cate the rectus abdominis sheath for classical abdominoplasty. Measured hypnosis enables 
differentiation of cortical- versus spinal cord–originated patient movement. As opposed to 
cortically originating patient movement, spinal cord–originated patient movement is devoid 
of awareness with recall concerns. Knowledge of the origin of patient movement facilitates 
origin-appropriate treatment of patient movement, thus assuring adequate local anesthesia 
during sedation (Table 1).

As an index, the BIS scale is from 0 to 100. The lower the number, the deeper the level of 
hypnosis (Table 2). Although validated in over 3500 published papers, the promise of direct 

Figure 2. Cortex and brain stem.

Brain Monitored Propofol Ketamine for Elective Cosmetic Surgery
http://dx.doi.org/10.5772/intechopen.71442

37



simulates GA conditions (nonverbal, predominantly immobile patients) while trespassing the 
least on patient physiology, satisfying both patient and surgeon desires. “Goldilocks” anes-
thesia is numerically reproducible. “Goldilocks” anesthesia embodies Friedberg’s triad; i.e. 
Measure the brain, Preempt the pain, Emetic drugs abstain (Figure 1).

2. Direct cerebral cortical (brain) monitoring

When you can MEASURE what you are speaking about, and express it in NUMBERS, you know 
something about it; but when you cannot measure it, when you cannot express it in numbers, your 
knowledge is of a meager and unsatisfactory kind; it may be the beginning of knowledge, but you have 
scarcely, in your thoughts, advanced to the stage of SCIENCE.

William Thompson, knighted Lord Kelvin Popular lectures and addresses 1891–1894.

What was true for temperature measurement more than a century ago is also true for the 
direct measurement of patient’s cortical response to anesthetics. Without such measurement, 
there can be no science. Without science, there can be no reproducibility across the broad, 
and often unpredictable yet well-recognized, spectrum of individual patient response to 
medications.

Brain weight does not vary with body weight (i.e. the brain weight of a 100-kg male is NOT 
twice that of a 50-kg female). Traditional anesthetic dosing based on body weight does not 
account for individual sensitivities to medications and is, therefore, frequently in error.

Further adding to the possibility of dosing error is the twentieth century practice of rely-
ing on heart rate (HR) and blood pressure (BP) changes to ascertain cortical drug response. 
HR and BP changes primarily reflect brain stem response but are unreliable to accurately 
determine cortical response. Prior to the ability to measure cortical response, the knowledge 
gap between brain stem and cortical response led to routine overmedication (to avoid under 
medication with awareness and recall).

Figure 1. Friedberg’s triad.

Anesthesia Topics for Plastic and Reconstructive Surgery36

Pain and consciousness are processed at higher cortical levels (Figure 2). Fifty percent of 
patients experiencing awareness with recall under anesthesia had no HR or BP changes with 
which to alert their anesthesiologist [1]. Preventing anesthesia awareness is the least impor-
tant value of direct brain monitoring. No deaths have yet been reported from anesthesia 
awareness. However, one American overmedication death occurs daily! [2]. Preventing over 
medication is the major value of direct brain monitoring (Figure 3).

Complex mathematical modeling, i.e. pharmacodynamics (PD) and pharmacokinetics (PK), 
is based on body weight that may not accurately reflect individual cortical sensitivities. While 
currently unavailable in the US, target controlled infusion (TCI) only infers cortical response 
based on blood drug concentrations, again with possible error.

With the Federal Drug Administration (FDA) 1996 approval of the bispectral index™ (BIS) 
brain monitor, the promise of direct measurement of cortical hypnotic response to anesthetic 
drugs was made available to the anesthesia community. Competing cortical monitors have 
been introduced since 1996, but the BIS monitor remains the most well-validated brain moni-
tor on the market to date.

Anesthesia may be defined as the sum of hypnosis plus analgesia (Figure 4). Implicit in “hyp-
nosis” is amnesia for surgery and within “analgesia” is sufficient muscle relaxation to imbri-
cate the rectus abdominis sheath for classical abdominoplasty. Measured hypnosis enables 
differentiation of cortical- versus spinal cord–originated patient movement. As opposed to 
cortically originating patient movement, spinal cord–originated patient movement is devoid 
of awareness with recall concerns. Knowledge of the origin of patient movement facilitates 
origin-appropriate treatment of patient movement, thus assuring adequate local anesthesia 
during sedation (Table 1).

As an index, the BIS scale is from 0 to 100. The lower the number, the deeper the level of 
hypnosis (Table 2). Although validated in over 3500 published papers, the promise of direct 

Figure 2. Cortex and brain stem.
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brain monitoring has remained unrealized for several reasons. First, the BIS only measures 
response to hypnotic, not analgesic, drugs primarily acting of the cerebral cortex like propo-
fol and inhalation agents like isoflurane, sevoflurane and desflurane. Drugs that act at lower 
brain centers are benzodiazepines (i.e. diazepam and midazolam), opioids (i.e. morphine, 
meperidine, hydromorphone, fentanyl, sufentanil, alfentanil, remifentanil), and N2O. One 
cannot depend on reliable BIS cortical measurement from subcortically acting agents.

Second, the original factory default setting included only the BIS value and horizontally dis-
played BIS trend. BIS values are calculated by an algorithm that delays data by 15–30 s from 
real time. This delay puts the anesthesiologist in the unfavorable position of catching up to 
dynamically changing patient hypnotic requirements as opposed to having real-time infor-
mation with which to formulate a response ahead of patient movement. BIS without EMG is 
not useful and is akin to trying to drive a car with only the rearview mirror information.

The electromyogram (EMG) is the electrical activity of the frontalis muscle between the eye-
brows. This EMG is as real time and as instantaneous a signal as that of the EKG of the cardiac 
muscle. Unfortunately, the EMG was originally perceived as a “contaminant” of the BIS signal 
and not understood as a useful piece of information. Prompt attention to EMG spikes during 
sedation by increasing sedation to return the activity to baseline precludes “contamination” 
of the BIS value. Trending EMG spike activity enables the anesthesiologist to proactively 
respond to rapidly changing patient needs, providing a stable level of hypnosis throughout 
a case. BIS with EMG trending is very useful and is akin to driving a car looking through the 
forward-facing windshield.

Figure 3. Hypnosis + analgesia = anesthesia.
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Anesthesiologists process information most consistently on the horizontal sweep as displayed 
in the EKG and SpO2 trends. EMG is displayed on the original factory default, but only as a 
vertical column. Contained in the software of every free-standing BIS unit is the option to 
select EMG and save it to trend below the BIS trend on a horizontal sweep display. As of 2017, 
the factory default setting now displays both BIS and EMG trends. However, the lower EMG 
trend as pictured by the recent company literature is without important EMG spikes.

There are two vertical numerical scales on either side of the BIS monitor display (Figure 5). 
The left side scale (yellow) for the BIS is from 0 to 100. The right side scale (red) is from 30 to 

Figure 4. The value proposition of direct cortical monitoring.

BIS values Hypnotic sedation/anesthesia levels

98–100 Awake

78–82 Minimal sedation

70–80 Moderate sedation

60–70 Deep sedation

45–60 + systemic analgesia General anesthesia

<45 OVERMEDICATED

Table 1. BIS values and hypnotic sedation/anesthesia levels.
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100 for the EMG. Spikes in EMG signify incipient patient arousal demanding an increase in 
propofol (or inhalational agent) sufficient to return the EMG to baseline (i.e. 0 on the top BIS 
scale and 30 on the bottom EMG scale). (Figure 6).

In the pre-BIS era, anesthesiologists considered the absence of HR and BP changes with skin 
incision to define adequate depth of anesthesia. Nondissociative attempts at preemptive anes-
thesia have met with variable successes. Postoperative pain management continues to be an 
issue. HR and BP primarily reflect brain stem changes, while pain and consciousness are pro-
cessed at higher cortical levels. Twenty-first century standard of care anesthesia monitoring 
demands cortical monitoring as a standard of care. It is an untenable assertion that 16 million 
of the 40 million (40%) American patients every year emerge from anesthesia with “brain fog” 
caused by a previously undiagnosed, underlying condition. Without numerically measuring 
the depth of sedation/anesthesia, discovering the role of routine overmedication in postopera-
tive “brain fog” will be problematic [3].

Figure 5. BIS VISTA monitor.

Propofol titrated to 60 < BIS < 75 with baseline EMG indicated an asleep, amnestic patient.

A blanched surgical field does not equal adequate local analgesia.

Surgery below the clavicles with patient movement without EMG activity indicates more local analgesia in the 
immediate area of stimulation.

Table 2. The surgeon’s golden rules for success with brain monitored propofol ketamine.

Anesthesia Topics for Plastic and Reconstructive Surgery40

Once sedated, the brain cannot differentiate the signal from a well-intentioned surgeon’s scal-
pel (or trocar) and the malevolent intentions of a mugger’s knife. Success with preemptive 
analgesia makes it imperative to prevent the brain from receiving the noxious input from 
the violation of the integument’s barrier to the outside world of danger. Although other pain 
receptors exist within the body, the most significant information to prevent the wind-up phe-
nomenon and postoperative pain is that of skin incision.

The N-methyl, D-aspartate (NMDA) receptors in the midbrain are the final gatekeepers of 
noxious input to the cortex. Ketamine is a major NMDA antagonist (propofol has substan-
tially less NMDA antagonism than ketamine). When the initial local anesthetic injection is 
performed (common to virtually all elective cosmetic surgeries), the absence of an EMG 
spike with multiple local anesthetic injections defines midbrain NMDA receptor saturation 
and creates nonopioid, preemptive analgesia.

Absent the ability to differentiate cortical- from spinal cord–originating movement during 
sedation forced anesthesiologists to treat every patient movement “as if” the patient might 
be awake and recall his or her surgery. All patient movement does not have the same signifi-
cance. Like GA, “Goldilocks” anesthesia requires patients to be retrained on the operating 
table. Patient movement per se can be generated without cortical input, i.e. from spinal cord 
reflexes. A headless chicken still generates movement.

No spinal cord pathways exist to activate the facial frontalis muscle. During the case, patient 
movement without an EMG spike is an indication for additional local anesthesia in the imme-
diate area of surgical stimulation. Only after two attempts of reinjection after the initial injec-
tion (three total injections) fails to eliminate patient movement should additional ketamine 
be given. Conversely, if patient movement is accompanied by an EMG spike, both additional 
local anesthesia and additional propofol should be administered. Additional local anes-
thetics should cause the patient movement to cease in the overwhelming majority of cases. 
Additional propofol must be administered in sufficient amounts to return the EMG to base-
line to maintain the patient unconscious and amnestic.

It is not the absolute value (or spike) of any individual BIS reading that may determine recall. 
Rather, it is the area under the trend curve. Three to five minutes of a BIS >80 will more likely 
produce recall than less area under the curve. Restraint from the surgeon or operating room 
staff making loud, negative comments with patient movement deprives the unconscious 
patient subliminal input with which to process memories. One cannot control the emotional 
maturity of the personnel in the operating room. Many times, demonstrating to both the sur-
geon and his staff of an objective numerical measure of the patient’s level of consciousness 
(i.e. BIS < 75 with baseline EMG) can calm otherwise overanxious personalities and preserve 
a peaceful operating room.

The use of EMG spike activity enables the differentiation between cortically generated patient 
movement and that originating from the spinal cord. Conducting a cosmetic surgery case in 
this fashion assures the patient receives critical adequate local anesthesia for the case and sets 
the stage for minimal postoperative pain management.
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Over the past two decades of experience in >4000 patients, the infrequent postoperative dis-
comfort was readily managed with intravenous (IV) ketorolac 30–60 mg and/or oral acet-
aminophen 1000 mg. Rapid propofol emergence allowed patients who did request additional 
analgesia to safely swallow oral acetaminophen without aspiration risk. Higher acetamin-
ophen blood levels are unquestionably achieved with the IV versus the oral preparation. 
However, since adequate pain relief was observed with the oral form, cost considerations 
precluded the use of IV acetaminophen. Very few patients required IV fentanyl (25–100 mcg) 
for pain management. The author’s experience was entirely in the office-based setting. There 
were no postoperative hospitalizations for postoperative pain management during the period 
1992–2017 in >6000 patients.

Figure 6. Why BIS is not commonly utilized.
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Prior to BIS/EMG monitoring, treating all movement left many patients overmedicated and 
unable to quickly emerge from anesthesia to go home or to a recovery center. Patient move-
ment during sedation was generally regarded by the surgeon that the patient was “too light” and 
needed more sedation. Anesthesiologists often responded to the surgeon’s demand with “needs 
more local.” A circular argument ensued, physicians’ feelings got bruised, but more importantly, 
the patient was ill-served, overmedicated, and often, with postoperative pain management issues.

The net effect of pre-BIS/EMG sedation attempts resulted in many surgeons encouraging (or 
even demanding) the abandonment of sedation in preference to GA with neuromuscular 
blocking agents. GA exposes the elective cosmetic surgery patient to the unnecessary risks 
of difficult intubation, failed intubation, misplaced endotracheal tube (ET), esophageal or 
endobronchial intubation, kinked or occluded ET, teeth damage, anesthesia machine mishaps 
(i.e. empty vaporizer, vaporizer filling error, reversed oxygen and nitrous oxide gases) and, 
very rarely, malignant hyperthermia (MH). No endotracheal intubations were required in the 
author’s 25-year experience.

The advent of the use of the laryngeal mask airway (LMA) has greatly reduced or eliminated 
many ET issues. This author routinely places an armored (or flexible) LMA for rhinoplasty 
cases both to cover the glottic chink and using the inflatable cuff to prevent blood from enter-
ing the esophagus. For nonrhinoplasty cases, airway management is dependent upon patient 
response (Table 3).

The very small MH risk necessitates any GA facility stocking dantrolene, an expensive agent 
with a 3-year shelf life. Delays in treating MH are prompt recognition due to its rare occur-
rence and partly due to the difficulty of dissolving the treatment into solution to administer. 
A newer formulation of dantrolene (i.e. Ryanodex®) is easier to dissolve into solution for 
administration but may not be widely found.

Neither propofol nor ketamine is a triggering agent for MH. The early diagnosis of MH is 
most often made by unexplained tachycardia. Tachycardia is frequently observed following 
the injection of epinephrine containing local anesthesia at the beginning of the case. When 
the injection is temporally associated with the dissociative ketamine dose, some are more 
apt to believe the ketamine, not the epinephrine, was the source of the tachycardia. Often, 
in the performance of “Goldilocks” anesthesia, incremental propofol induction followed the 
ketamine, but the surgeon did not inject the local analgesia by as along as 10 minutes after the 

Chin extended, head rotated to the side (initially to the right but sometimes better airway results turning to the left).

IV bag (not heated) under the shoulders (not the neck), increasing the force of extension on the genioglossus muscle.

#28 Fr latex (or latex free) lubricated nasal airway, often better tolerated than oral airways.

#4 LMA.

N.B. 50–60% of brain monitored PK cases/25 years have been performed without airway instrumentation. No 
endotracheal intubations required in 25 years, >6000 patients.

Table 3. Airway management flow chart (assumes incremental propofol induction).
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ketamine administration. No tachycardia or hypertension was observed when ketamine was 
administered well prior to the lidocaine with epinephrine solution injection. Nontriggering 
“Goldilocks’” anesthesia also means surgical facilities need not stock dantrolene.

3. Propofol

Propofol is a 1,4-diisopropyl quinol with sedative-hypnotic properties. Because of its slight 
solubility in water, the drug is formulated as an emulsion for clinical use. It is highly lipophilic 
and distributes extensively in the body. The drug was introduced to the North American 
market in 1989 and has largely displaced both thiopental and methohexital for induction of 
general anesthesia and maintenance of sedation.

Propofol’s rapid metabolism accounts for its short activity. It is also a potent antiemetic, espe-
cially in the absence of concomitant opioid administration. Only after much experience with 
the drug for sedation was the patients’ clear head and happy affect after emergence was this 
quality appreciated by the author. Unfortunately, these qualities have also made propofol a 
drug of abuse within small numbers of the profession (“white rabbit”) as well as by celebrities 
like Michael Jackson.

Propofol also results in inhibition of the N-methyl, D-aspartate (NMDA) subtype of gluta-
mate receptor [4]. Lack of recall was observed in 95% of patients at BIS of 77 [5]. Propofol at 
25–50 mcg/kg/min was sufficient to produce sedation to 60 < BIS < 75 with baseline EMG for 
many patients. However, as little as 2.5 mcg/kg/min and as much as 200 mcg/kg/min have 
been required to achieve the same numerically defined level of sedation at 60 < BIS < 75 with 
baseline EMG. This 20-year experience represents nearly a hundred-fold variation in propofol 
requirements. Incrementally inducing patients starting with 50 mcg/kg propofol miniboluses 
(Watch YouTube Propofol induction with BIS monitor without instrumenting airway) allows the 
anesthesiologist to identify outliers early in the case and enables all patients to receive “not 
too much, too little, but just the right amount” and not to hear, feel or remember their surgery. 
The expression “not too much, too little, but just the right amount” is the basis for using the 
shorthand expression “Goldilocks” anesthesia. Those unfamiliar with the Goldilocks story 
should watch YouTube Goldilocks and the Three Bears—Fairy Tales.

Textbook doses for propofol sedation do not discuss the value of incremental induction not only 
to identify outliers but also to dramatically minimize airway management and eliminate pre-
cipitous blood pressure drops. Incremental propofol induction more often maintains the airway 
patency by preserving muscle tone of the temporalis, masseter, genioglossus and orbicularis oris.

Propofol was introduced to North America in 1989 and quickly replaced both thiopental and 
methohexital as the preferred induction agent. As a proprietary agent, a 20 cc propofol bottle 
retailed around $12–15 USD, making a continuous infusion for surgery apparently prohibi-
tive for multihour surgeries in a cost-conscious office-based cosmetic surgery suite.

After five years of performing propofol ketamine (PK) intravenous sedation using an average 
three 20 cc bottles of propofol per hour, the author’s surgeons kept clamoring for a less expensive  
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way to administer it, especially for 4–6 hours rhytidectomies with or without browlifts, pla-
tysmal plications or blepharoplasties. Five years of data on 1264 patients demonstrated no 
reduction in propofol requirements with either 2 or 4 mg preoperative midazolam as admin-
istered [6].

This same paper [6] also published the lowest postoperative nausea and vomiting (PONV) 
rate (0.6%) in the literature without antiemetic use in an Apfel-defined high-risk patient popu-
lation, i.e. nonsmoking females with positive PONV and/or motion sickness histories, having 
emetogenic (cosmetic) surgery. Scrupulous opioid avoidance both during and after surgery 
has allowed this astounding PONV rate to go unchallenged to date.

Aspect Medical Systems (Aspect Medical Systems, a venture capital company, was purchased 
by Medtronic that has subsequently been acquired by Covidien) exhibited their bispectral 
index monitor™ (BIS) for measuring cortical effect at the 1997 International Anesthesia 
Research Society (IARS) annual meeting in San Francisco. The author was exhibiting his 
Society for Office Anesthesiologists (SOFA) at the same meeting and was initially exposed 
to the BIS monitor there. The BIS monitor appeared to offer more promise reducing propofol 
requirements than previous efforts with midazolam premedication [6]. Later work validated 
that promise [7, 8]. Entropy™ is another depth of anesthesia monitor but has not been vali-
dated in nearly as many clinical papers as BIS [9].

4. Ketamine

In the 1950s, postoperative pain was treated with morphine or meperidine, often undertreated 
for two reasons: (a) fear of producing opioid addiction and (b) problems of overtreatment, 
respiratory insufficiency or apnea and death. Naloxone was not introduced until 1971 and 
pulse oximetry became commercially available in 1983.

The researchers of the day postulated that, if another class of drugs could be developed that 
would ameliorate pain without respiratory depression, patients could be better treated for 
postoperative pain with neither under- nor overtreatment.

The first class of drugs explored was the phencyclidines. The parent compound, phencyclidine 
phosphate, was marketed as Serenyl® by Parke-Davis in 1958 but was quickly withdrawn 
from the market because of the high percentage of undesirable side effects, i.e. hallucina-
tions, mania, delirium and disorientation. Later, phencyclidine phosphate, as a drug of abuse, 
became better known by the initials, PCP or “angel dust.”

The researchers did not give up quickly on the phencyclidine class. They began experiment-
ing with a modified PCP molecule, ketamine, which received FDA approval in humans in 
1971. The drug, like its predecessor, was introduced as the “silver bullet,” a complete, total 
intravenous agent, meaning no other agents were needed. Because it supported both respira-
tion and blood pressure, ketamine quickly gained a reputation as a safe drug but one not good 
for adult patients. It did become popular in children’s burn units, especially for the extremely 
painful dressing changes.
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ketamine administration. No tachycardia or hypertension was observed when ketamine was 
administered well prior to the lidocaine with epinephrine solution injection. Nontriggering 
“Goldilocks’” anesthesia also means surgical facilities need not stock dantrolene.

3. Propofol

Propofol is a 1,4-diisopropyl quinol with sedative-hypnotic properties. Because of its slight 
solubility in water, the drug is formulated as an emulsion for clinical use. It is highly lipophilic 
and distributes extensively in the body. The drug was introduced to the North American 
market in 1989 and has largely displaced both thiopental and methohexital for induction of 
general anesthesia and maintenance of sedation.

Propofol’s rapid metabolism accounts for its short activity. It is also a potent antiemetic, espe-
cially in the absence of concomitant opioid administration. Only after much experience with 
the drug for sedation was the patients’ clear head and happy affect after emergence was this 
quality appreciated by the author. Unfortunately, these qualities have also made propofol a 
drug of abuse within small numbers of the profession (“white rabbit”) as well as by celebrities 
like Michael Jackson.

Propofol also results in inhibition of the N-methyl, D-aspartate (NMDA) subtype of gluta-
mate receptor [4]. Lack of recall was observed in 95% of patients at BIS of 77 [5]. Propofol at 
25–50 mcg/kg/min was sufficient to produce sedation to 60 < BIS < 75 with baseline EMG for 
many patients. However, as little as 2.5 mcg/kg/min and as much as 200 mcg/kg/min have 
been required to achieve the same numerically defined level of sedation at 60 < BIS < 75 with 
baseline EMG. This 20-year experience represents nearly a hundred-fold variation in propofol 
requirements. Incrementally inducing patients starting with 50 mcg/kg propofol miniboluses 
(Watch YouTube Propofol induction with BIS monitor without instrumenting airway) allows the 
anesthesiologist to identify outliers early in the case and enables all patients to receive “not 
too much, too little, but just the right amount” and not to hear, feel or remember their surgery. 
The expression “not too much, too little, but just the right amount” is the basis for using the 
shorthand expression “Goldilocks” anesthesia. Those unfamiliar with the Goldilocks story 
should watch YouTube Goldilocks and the Three Bears—Fairy Tales.

Textbook doses for propofol sedation do not discuss the value of incremental induction not only 
to identify outliers but also to dramatically minimize airway management and eliminate pre-
cipitous blood pressure drops. Incremental propofol induction more often maintains the airway 
patency by preserving muscle tone of the temporalis, masseter, genioglossus and orbicularis oris.

Propofol was introduced to North America in 1989 and quickly replaced both thiopental and 
methohexital as the preferred induction agent. As a proprietary agent, a 20 cc propofol bottle 
retailed around $12–15 USD, making a continuous infusion for surgery apparently prohibi-
tive for multihour surgeries in a cost-conscious office-based cosmetic surgery suite.

After five years of performing propofol ketamine (PK) intravenous sedation using an average 
three 20 cc bottles of propofol per hour, the author’s surgeons kept clamoring for a less expensive  
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way to administer it, especially for 4–6 hours rhytidectomies with or without browlifts, pla-
tysmal plications or blepharoplasties. Five years of data on 1264 patients demonstrated no 
reduction in propofol requirements with either 2 or 4 mg preoperative midazolam as admin-
istered [6].

This same paper [6] also published the lowest postoperative nausea and vomiting (PONV) 
rate (0.6%) in the literature without antiemetic use in an Apfel-defined high-risk patient popu-
lation, i.e. nonsmoking females with positive PONV and/or motion sickness histories, having 
emetogenic (cosmetic) surgery. Scrupulous opioid avoidance both during and after surgery 
has allowed this astounding PONV rate to go unchallenged to date.

Aspect Medical Systems (Aspect Medical Systems, a venture capital company, was purchased 
by Medtronic that has subsequently been acquired by Covidien) exhibited their bispectral 
index monitor™ (BIS) for measuring cortical effect at the 1997 International Anesthesia 
Research Society (IARS) annual meeting in San Francisco. The author was exhibiting his 
Society for Office Anesthesiologists (SOFA) at the same meeting and was initially exposed 
to the BIS monitor there. The BIS monitor appeared to offer more promise reducing propofol 
requirements than previous efforts with midazolam premedication [6]. Later work validated 
that promise [7, 8]. Entropy™ is another depth of anesthesia monitor but has not been vali-
dated in nearly as many clinical papers as BIS [9].

4. Ketamine

In the 1950s, postoperative pain was treated with morphine or meperidine, often undertreated 
for two reasons: (a) fear of producing opioid addiction and (b) problems of overtreatment, 
respiratory insufficiency or apnea and death. Naloxone was not introduced until 1971 and 
pulse oximetry became commercially available in 1983.

The researchers of the day postulated that, if another class of drugs could be developed that 
would ameliorate pain without respiratory depression, patients could be better treated for 
postoperative pain with neither under- nor overtreatment.

The first class of drugs explored was the phencyclidines. The parent compound, phencyclidine 
phosphate, was marketed as Serenyl® by Parke-Davis in 1958 but was quickly withdrawn 
from the market because of the high percentage of undesirable side effects, i.e. hallucina-
tions, mania, delirium and disorientation. Later, phencyclidine phosphate, as a drug of abuse, 
became better known by the initials, PCP or “angel dust.”

The researchers did not give up quickly on the phencyclidine class. They began experiment-
ing with a modified PCP molecule, ketamine, which received FDA approval in humans in 
1971. The drug, like its predecessor, was introduced as the “silver bullet,” a complete, total 
intravenous agent, meaning no other agents were needed. Because it supported both respira-
tion and blood pressure, ketamine quickly gained a reputation as a safe drug but one not good 
for adult patients. It did become popular in children’s burn units, especially for the extremely 
painful dressing changes.
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During the author’s anesthesia residency at Stanford 1975–1977, he was introduced to 
administering ketamine in small doses (10–20 mg IV) prior to positioning elderly patients 
about to receive spinal anesthesia for surgery on femoral head or shaft fractures. Elderly 
patients were not particularly susceptible to ketamine-associated hallucinations or dyspho-
rias. Veterinarians also adopted ketamine, quickly realizing that it was nearly impossible 
to kill an animal, even if the per body weight dose was more than twice the recommended 
amount. Also, the animals did not complain about hallucinations. While ketamine was a safe 
drug, two generations of human anesthesiologists have avoided its use in adult day surgery. 
Sometime during the mid-1970s, a Las Vegas plastic surgeon, Charles Vinnik, wearied listen-
ing to his patients cry out when he injected local anesthesia under his self-directed diazepam 
and meperidine IV sedation. Even though the patients had amnesia for the experience, the 
patients’ cries were distressing to the OR staff. Vinnik asked his anesthesiologist if there was 
anything else he could use that would eliminate the distressing reactivity of the patients. 
Ketamine was suggested. Ketamine was first synthesized by Stevens in 1962 and first used in 
humans by Domino and Corssen in 1965. The drug was used in clinical practice barely 5 years 
when its use was suggested to Vinnik.

Through trial and error, Vinnik came upon his initial ketamine dose of 75 mg independent 
of body weight to prevent the patients from either moving or crying out after they were ren-
dered sleepy from incremental doses of intravenous diazepam. Vinnik began with his test 
dose of 10 mg diazepam administered through an external jugular (to avoid venous thrombo-
sis), followed by 5–10 mg increments to a total of 25–50 mg. Vinnik had his patients engage a 
24-hour nurse to observe them after discharge to home. His cost-effective concept meant the 
cost of the recovery nurse did not come from him.

Although Vinnik published his diazepam-ketamine technique (i.e. hypnosis first, then dis-
sociation) without the reported hallucinations or dysphorias, the 1981 paper appeared in 
the plastic surgery literature [10]. Vinnik’s approach lay largely unnoticed in the anesthesia 
community until the author heard him speak in Newport Beach, CA, in December 1991, later 
visiting his office operating room in March 1992.

The author considered Vinnik’s use of ketamine useful but doubted diazepam would be an 
optimal drug for day cases expected to return to home. Propofol was then considered as an 
alternative to diazepam for hallucination-blocking purpose. Searching the anesthesia litera-
ture to support this use of propofol turned up no useful information. March 26, 1992 was the 
beginning of this author’s clinical trial of propofol followed by ketamine [11]. In the 1990s, 
ketamine became a drug of abuse, a “rave” drug and later lumped together with flunitraz-
epam and gamma hydroxybutyrate (GHB) as “date rape” drugs. Ketamine is also a drug of 
abuse. Heavy users can develop long-term bladder or urinary tract damage and incontinence.

Anesthesia trainees continue to be taught ketamine causes tachycardia, hypertension and 
hallucinations despite the knowledge that benzodiazepines [12] or propofol hypnosis blocks 
ketamine hallucinations [13]. In the pre-BIS era, loss of lid reflex and loss of verbal response 
defined adequate hallucination-blocking depth of propofol hypnosis. With real-time BIS/
EMG monitoring, the level of hallucination-blocking propofol hypnosis is more numerically 
defined as 60 < BIS < 75 with baseline EMG. Some believe the use of ketamine defeats the 
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ability of the BIS monitor to accurately measure propofol. This study compared ketamine 
doses of 0.2–0.5 mcg/kg and concluded 0.5 mcg/kg would defeat the BIS [14]. An earlier 
publication using 50 mg ketamine, independent of body weight, confirmed BIS’ utility [15].

More controversial is the author’s use of 50 mg ketamine independent of body weight. Brain 
weight does not vary with body weight (i.e. the brain weight of a 100-kg male is not twice that 
of a 50-kg female). The midbrain is a very small portion of the total brain weight. The NMDA 
receptors are a small part of the very small midbrain. After observing the same immobility (or 
dissociative effect) in 100-kg males as in 50-kg females, body weight was not deemed a con-
sideration for effective ketamine dose. With the addition of BIS/EMG monitoring, absence of 
EMG spike is considered numerically reproducible evidence of NMDA saturation and nono-
pioid, preemptive analgesia.

In many third world countries, ketamine infusions are still to be found as the drug was origi-
nally marketed. However, as propofol has become generic and very inexpensive, more anes-
thesia providers from third world countries have accessed the author’s web site to obtain 
information with which to execute the PK paradigm.

Ketamine, ironically, is the perfect adjuvant drug (or the ‘olive’ in the propofol ‘martini’) not 
the complete and total intravenous agent its makers originally intended it to be, at least in the 
western world.

Brain monitored PK IV sedation is less expensive, safer and simpler and gives better out-
comes (i.e. virtually no PONV [16] and minimal postoperative pain). With ability to stratify 
anesthesia outcomes by depth of anesthesia and the negative effects of routine anesthesia 
overmedication (i.e. BIS <45), studies have demonstrated more apparent negative effects from 
this practice [17–20]. Postoperative cognitive dysfunction (POCD) is the name for the pseudo-
Alzheimer’s type of confusion seen more often in elderly, rhytidectomy patients. Sometimes 
this lasts hours, days, weeks or months. Sometimes the effects are not transitory. Rapid emer-
gence does not preclude intraoperative overmedication. Patients are left with the long-term 
consequences of their anesthesiologist’s short-term care.

The brain monitored PK IV sedation technique also gives providers the ability to refrain from 
the nefarious practice of routinely overmedicating patients for fear of undermedicating them.

5. Putting brain monitored propofol ketamine (“Goldilocks”) anesthesia 
into practice

Teaching the technique is simple. Teaching cooperation is not.

Daniel HS Lin, DO, Cosmetic surgeon

Along with the patient, many egos enter the operating room, not the least of which is that 
of the surgeon’s. The surgeon’s cooperation with local anesthesia is essential for success. 
The surgeon must also understand the need for adequate local anesthesia. Surgeon perfec-
tion injecting local analgesia is not a requirement, only persistence. Surgeons typically 
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During the author’s anesthesia residency at Stanford 1975–1977, he was introduced to 
administering ketamine in small doses (10–20 mg IV) prior to positioning elderly patients 
about to receive spinal anesthesia for surgery on femoral head or shaft fractures. Elderly 
patients were not particularly susceptible to ketamine-associated hallucinations or dyspho-
rias. Veterinarians also adopted ketamine, quickly realizing that it was nearly impossible 
to kill an animal, even if the per body weight dose was more than twice the recommended 
amount. Also, the animals did not complain about hallucinations. While ketamine was a safe 
drug, two generations of human anesthesiologists have avoided its use in adult day surgery. 
Sometime during the mid-1970s, a Las Vegas plastic surgeon, Charles Vinnik, wearied listen-
ing to his patients cry out when he injected local anesthesia under his self-directed diazepam 
and meperidine IV sedation. Even though the patients had amnesia for the experience, the 
patients’ cries were distressing to the OR staff. Vinnik asked his anesthesiologist if there was 
anything else he could use that would eliminate the distressing reactivity of the patients. 
Ketamine was suggested. Ketamine was first synthesized by Stevens in 1962 and first used in 
humans by Domino and Corssen in 1965. The drug was used in clinical practice barely 5 years 
when its use was suggested to Vinnik.

Through trial and error, Vinnik came upon his initial ketamine dose of 75 mg independent 
of body weight to prevent the patients from either moving or crying out after they were ren-
dered sleepy from incremental doses of intravenous diazepam. Vinnik began with his test 
dose of 10 mg diazepam administered through an external jugular (to avoid venous thrombo-
sis), followed by 5–10 mg increments to a total of 25–50 mg. Vinnik had his patients engage a 
24-hour nurse to observe them after discharge to home. His cost-effective concept meant the 
cost of the recovery nurse did not come from him.

Although Vinnik published his diazepam-ketamine technique (i.e. hypnosis first, then dis-
sociation) without the reported hallucinations or dysphorias, the 1981 paper appeared in 
the plastic surgery literature [10]. Vinnik’s approach lay largely unnoticed in the anesthesia 
community until the author heard him speak in Newport Beach, CA, in December 1991, later 
visiting his office operating room in March 1992.

The author considered Vinnik’s use of ketamine useful but doubted diazepam would be an 
optimal drug for day cases expected to return to home. Propofol was then considered as an 
alternative to diazepam for hallucination-blocking purpose. Searching the anesthesia litera-
ture to support this use of propofol turned up no useful information. March 26, 1992 was the 
beginning of this author’s clinical trial of propofol followed by ketamine [11]. In the 1990s, 
ketamine became a drug of abuse, a “rave” drug and later lumped together with flunitraz-
epam and gamma hydroxybutyrate (GHB) as “date rape” drugs. Ketamine is also a drug of 
abuse. Heavy users can develop long-term bladder or urinary tract damage and incontinence.

Anesthesia trainees continue to be taught ketamine causes tachycardia, hypertension and 
hallucinations despite the knowledge that benzodiazepines [12] or propofol hypnosis blocks 
ketamine hallucinations [13]. In the pre-BIS era, loss of lid reflex and loss of verbal response 
defined adequate hallucination-blocking depth of propofol hypnosis. With real-time BIS/
EMG monitoring, the level of hallucination-blocking propofol hypnosis is more numerically 
defined as 60 < BIS < 75 with baseline EMG. Some believe the use of ketamine defeats the 
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ability of the BIS monitor to accurately measure propofol. This study compared ketamine 
doses of 0.2–0.5 mcg/kg and concluded 0.5 mcg/kg would defeat the BIS [14]. An earlier 
publication using 50 mg ketamine, independent of body weight, confirmed BIS’ utility [15].

More controversial is the author’s use of 50 mg ketamine independent of body weight. Brain 
weight does not vary with body weight (i.e. the brain weight of a 100-kg male is not twice that 
of a 50-kg female). The midbrain is a very small portion of the total brain weight. The NMDA 
receptors are a small part of the very small midbrain. After observing the same immobility (or 
dissociative effect) in 100-kg males as in 50-kg females, body weight was not deemed a con-
sideration for effective ketamine dose. With the addition of BIS/EMG monitoring, absence of 
EMG spike is considered numerically reproducible evidence of NMDA saturation and nono-
pioid, preemptive analgesia.

In many third world countries, ketamine infusions are still to be found as the drug was origi-
nally marketed. However, as propofol has become generic and very inexpensive, more anes-
thesia providers from third world countries have accessed the author’s web site to obtain 
information with which to execute the PK paradigm.

Ketamine, ironically, is the perfect adjuvant drug (or the ‘olive’ in the propofol ‘martini’) not 
the complete and total intravenous agent its makers originally intended it to be, at least in the 
western world.

Brain monitored PK IV sedation is less expensive, safer and simpler and gives better out-
comes (i.e. virtually no PONV [16] and minimal postoperative pain). With ability to stratify 
anesthesia outcomes by depth of anesthesia and the negative effects of routine anesthesia 
overmedication (i.e. BIS <45), studies have demonstrated more apparent negative effects from 
this practice [17–20]. Postoperative cognitive dysfunction (POCD) is the name for the pseudo-
Alzheimer’s type of confusion seen more often in elderly, rhytidectomy patients. Sometimes 
this lasts hours, days, weeks or months. Sometimes the effects are not transitory. Rapid emer-
gence does not preclude intraoperative overmedication. Patients are left with the long-term 
consequences of their anesthesiologist’s short-term care.

The brain monitored PK IV sedation technique also gives providers the ability to refrain from 
the nefarious practice of routinely overmedicating patients for fear of undermedicating them.

5. Putting brain monitored propofol ketamine (“Goldilocks”) anesthesia 
into practice

Teaching the technique is simple. Teaching cooperation is not.

Daniel HS Lin, DO, Cosmetic surgeon

Along with the patient, many egos enter the operating room, not the least of which is that 
of the surgeon’s. The surgeon’s cooperation with local anesthesia is essential for success. 
The surgeon must also understand the need for adequate local anesthesia. Surgeon perfec-
tion injecting local analgesia is not a requirement, only persistence. Surgeons typically 
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equate a blanched surgical field with adequate analgesia. Only with brain monitoring can 
the anesthesiologist hope to convince the surgeon that a blanched field only equals adequate 
vasoconstriction.

Prompt essentially PONV free and minimal pain recovery are the hallmarks of “Goldilocks” 
anesthesia. Once the surgeon observes how much better his patients do postoperatively, the 
need for his/her cooperation should become apparent. The office-based setting has a higher 
incentive for surgeon cooperation. Recovery space is limited and personnel are often multi-
tasked compared with free-standing or hospital-attached day surgery center facilities. As 
superior and numerically reproducible as the “Goldilocks” anesthesia outcomes are, there 
are still surgeons reluctant to cooperate. Just as disappointing is the numbers of anesthe-
siologists who remain shackled to the outdated teachings that ketamine causes hallucina-
tions, hypertension and tachycardia or are unwilling to reconsider using real-time BIS/EMG 
to titrate propofol.

The clinical pathway for brain monitored propofol ketamine (“Goldilocks”) anesthesia is a 
simple straightforward three-drug technique: glycopyrrolate, propofol and ketamine. Induce 
hypnosis first, next dissociate, then inject local analgesia (Table 4). (Atropine may be sub-
stituted when glycopyrrolate is unavailable. Tachycardia will more commonly result than 
administering glycopyrrolate). Unexplained tachycardia, not temperature elevation, is the 
cardinal recognition sign for MH. Once the brain is protected with propofol incrementally 
titrated to loss of lid reflex/loss of verbal response or 60<BIS<75 with baseline EMG, the 50mg 
ketaamine by itself does not cause tachycardia or hypertension!

Prior to placing the BIS sensor on the forehead, the patient is advised the number from their 
forehead allows them to “control” their anesthetic dose. This control means that neither too 
much nor too little can be given. Then the patient is encouraged to touch the sensor pad to 
assure them their skin cannot be scarred even though the sensor application will be a little 
uncomfortable. A small discomfort for a great relief about anesthetic dosing is greatly appre-
ciated by patients. Patients are additionally advised that 5% or one in 20 may have pleasant, 
colorful dreams.

The preoperative consultation includes disclosure of the dry mouth and the need to maintain 
eye lubrication with ointment. Patients are told to expect blurry vision upon awakening and 

Glycopyrrolate 0.2 mg with 30 mg lidocaine IV

Propofol 50–100 mcg/kg−1 minibolus repeated to 60 < BIS < 75 with baseline EMG

Propofol infusion rate start 25 mcg/kg−1/min−1

Adjust infusion rate as needed to maintain 60 < BIS < 75 with baseline EMG

Ketamine 50 mg IV 3 minutes prior to local analgesia injection

Lidocaine 1 mg/lb−1 or 2 mg/kg−1 IV STAT for laryngospasm

Labetalol 10 mg iv for HR > 100–110. Avoid if patient asthmatic

Table 4. Clinical pathway.
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that it is resolved when the ointment is wiped from their eyes. One patient in the author’s 
40-year career became panic-stricken upon emergence thinking something bad had hap-
pened to her eyes. Full disclosure to avoid repetition of this unfortunate patient’s experience 
is strongly recommended.

Ketamine increases salivation. Glycopyrrolate causes less tachycardia and, for that reason, is 
chosen as an antisialagogue in preference to atropine. Because propofol can sometimes cause 
patient discomfort, lidocaine is added to the glycopyrrolate. The patient is advised to tell the 
anesthesiologist if there is additional aching during induction so that more lidocaine can be 
administered. Propofol ache is more common with distally placed IV.

Between 1992 and 1997, a 50-ml IV bag with 400 mg (40 ml) propofol was connected to a 
60 drops/ml IV set (mini-drip, pedi-drip, micro-drip). The initial rate was set to the patient’s 
heart rate and adjusted until loss of lid reflex and loss of verbal response were observed. 
This was a qualitative approach that was far more subjective and less reproducible. After the 
demand for the propofol numbers for publication, the author began using an infusion pump. 
A completely programmable, albeit more expensive, infusion pump is better than less expen-
sive, commonly found pumps that only permit settings of 25, 50, 75 or 100 mcg/kg/min. The 
ability to deliver a separate bolus in addition to maintaining an infusion rate is also important. 
This quantitative approach along with BIS/EMG monitoring makes “Goldilocks” anesthesia 
numerically reproducible.

Set the pump to deliver propofol for 50 mcg/kg minibolus. Induce with miniboluses given in 
one after another until a decrease in the real-time frontalis muscle electromyogram (EMG) is 
observed (see YouTube Going under with Goldilocks anesthesia). The BIS value and trend line 
will display behind the EMG as it is based on algorithm-derived information that is delayed 
from real time by 15–30 s.

The induction goal is to observe whether or not 25 mcg/kg/min basal infusion rate is suffi-
cient to maintain 60 < BIS < 75 with baseline EMG. Bolus with 50–100 mcg/kg to maintain BIS 
<75 and upwardly adjust the basal propofol rate to 35–50 mcg/kg/min to maintain that level 
PRIOR to administering ketamine. Most patients have been maintained at 60 < BIS < 75 with 
baseline EMG with propofol 25–50 mcg/kg/min. However, as little as 2.5 mcg/kg/min and as 
much as 200 mcg/kg/min propofol have also been observed by the author in his 20-year, >4000 
patient clinical experience.

Avoid the textbook advice of 1–2 mg/kg propofol bolus for induction. A bolus will produce 
peak propofol levels in the brain quickly and just as quickly begin to redistribute, decreasing a 
protective level just as the ketamine arrives to the brain. The brain may then not be protected 
from ketamine side effects when that drug is administered. The value of the brain monitored, 
incremental induction is providing a numerically reproducible, stable propofol brain level 
to prevent negative ketamine side effects [13]. The very sensitive as well as the very resistant 
patient can be identified from the outset of the case rather than trying to understand a body 
weight–derived dose effect. Lastly, the incremental propofol induction preserves baseline blood 
pressure as well as the muscles that maintain a patent airway, i.e. the temporalis, masseter, orbi-
cularis and genioglossus. Nevertheless, one must always be prepared with available bag mask 
ventilation and suction for the exceptional patient, no matter how often it will be unnecessary.
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equate a blanched surgical field with adequate analgesia. Only with brain monitoring can 
the anesthesiologist hope to convince the surgeon that a blanched field only equals adequate 
vasoconstriction.

Prompt essentially PONV free and minimal pain recovery are the hallmarks of “Goldilocks” 
anesthesia. Once the surgeon observes how much better his patients do postoperatively, the 
need for his/her cooperation should become apparent. The office-based setting has a higher 
incentive for surgeon cooperation. Recovery space is limited and personnel are often multi-
tasked compared with free-standing or hospital-attached day surgery center facilities. As 
superior and numerically reproducible as the “Goldilocks” anesthesia outcomes are, there 
are still surgeons reluctant to cooperate. Just as disappointing is the numbers of anesthe-
siologists who remain shackled to the outdated teachings that ketamine causes hallucina-
tions, hypertension and tachycardia or are unwilling to reconsider using real-time BIS/EMG 
to titrate propofol.

The clinical pathway for brain monitored propofol ketamine (“Goldilocks”) anesthesia is a 
simple straightforward three-drug technique: glycopyrrolate, propofol and ketamine. Induce 
hypnosis first, next dissociate, then inject local analgesia (Table 4). (Atropine may be sub-
stituted when glycopyrrolate is unavailable. Tachycardia will more commonly result than 
administering glycopyrrolate). Unexplained tachycardia, not temperature elevation, is the 
cardinal recognition sign for MH. Once the brain is protected with propofol incrementally 
titrated to loss of lid reflex/loss of verbal response or 60<BIS<75 with baseline EMG, the 50mg 
ketaamine by itself does not cause tachycardia or hypertension!

Prior to placing the BIS sensor on the forehead, the patient is advised the number from their 
forehead allows them to “control” their anesthetic dose. This control means that neither too 
much nor too little can be given. Then the patient is encouraged to touch the sensor pad to 
assure them their skin cannot be scarred even though the sensor application will be a little 
uncomfortable. A small discomfort for a great relief about anesthetic dosing is greatly appre-
ciated by patients. Patients are additionally advised that 5% or one in 20 may have pleasant, 
colorful dreams.

The preoperative consultation includes disclosure of the dry mouth and the need to maintain 
eye lubrication with ointment. Patients are told to expect blurry vision upon awakening and 

Glycopyrrolate 0.2 mg with 30 mg lidocaine IV

Propofol 50–100 mcg/kg−1 minibolus repeated to 60 < BIS < 75 with baseline EMG

Propofol infusion rate start 25 mcg/kg−1/min−1

Adjust infusion rate as needed to maintain 60 < BIS < 75 with baseline EMG

Ketamine 50 mg IV 3 minutes prior to local analgesia injection

Lidocaine 1 mg/lb−1 or 2 mg/kg−1 IV STAT for laryngospasm

Labetalol 10 mg iv for HR > 100–110. Avoid if patient asthmatic

Table 4. Clinical pathway.
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that it is resolved when the ointment is wiped from their eyes. One patient in the author’s 
40-year career became panic-stricken upon emergence thinking something bad had hap-
pened to her eyes. Full disclosure to avoid repetition of this unfortunate patient’s experience 
is strongly recommended.

Ketamine increases salivation. Glycopyrrolate causes less tachycardia and, for that reason, is 
chosen as an antisialagogue in preference to atropine. Because propofol can sometimes cause 
patient discomfort, lidocaine is added to the glycopyrrolate. The patient is advised to tell the 
anesthesiologist if there is additional aching during induction so that more lidocaine can be 
administered. Propofol ache is more common with distally placed IV.

Between 1992 and 1997, a 50-ml IV bag with 400 mg (40 ml) propofol was connected to a 
60 drops/ml IV set (mini-drip, pedi-drip, micro-drip). The initial rate was set to the patient’s 
heart rate and adjusted until loss of lid reflex and loss of verbal response were observed. 
This was a qualitative approach that was far more subjective and less reproducible. After the 
demand for the propofol numbers for publication, the author began using an infusion pump. 
A completely programmable, albeit more expensive, infusion pump is better than less expen-
sive, commonly found pumps that only permit settings of 25, 50, 75 or 100 mcg/kg/min. The 
ability to deliver a separate bolus in addition to maintaining an infusion rate is also important. 
This quantitative approach along with BIS/EMG monitoring makes “Goldilocks” anesthesia 
numerically reproducible.

Set the pump to deliver propofol for 50 mcg/kg minibolus. Induce with miniboluses given in 
one after another until a decrease in the real-time frontalis muscle electromyogram (EMG) is 
observed (see YouTube Going under with Goldilocks anesthesia). The BIS value and trend line 
will display behind the EMG as it is based on algorithm-derived information that is delayed 
from real time by 15–30 s.

The induction goal is to observe whether or not 25 mcg/kg/min basal infusion rate is suffi-
cient to maintain 60 < BIS < 75 with baseline EMG. Bolus with 50–100 mcg/kg to maintain BIS 
<75 and upwardly adjust the basal propofol rate to 35–50 mcg/kg/min to maintain that level 
PRIOR to administering ketamine. Most patients have been maintained at 60 < BIS < 75 with 
baseline EMG with propofol 25–50 mcg/kg/min. However, as little as 2.5 mcg/kg/min and as 
much as 200 mcg/kg/min propofol have also been observed by the author in his 20-year, >4000 
patient clinical experience.

Avoid the textbook advice of 1–2 mg/kg propofol bolus for induction. A bolus will produce 
peak propofol levels in the brain quickly and just as quickly begin to redistribute, decreasing a 
protective level just as the ketamine arrives to the brain. The brain may then not be protected 
from ketamine side effects when that drug is administered. The value of the brain monitored, 
incremental induction is providing a numerically reproducible, stable propofol brain level 
to prevent negative ketamine side effects [13]. The very sensitive as well as the very resistant 
patient can be identified from the outset of the case rather than trying to understand a body 
weight–derived dose effect. Lastly, the incremental propofol induction preserves baseline blood 
pressure as well as the muscles that maintain a patent airway, i.e. the temporalis, masseter, orbi-
cularis and genioglossus. Nevertheless, one must always be prepared with available bag mask 
ventilation and suction for the exceptional patient, no matter how often it will be unnecessary.
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Only after the patient’s propofol level has stabilized should the 50 mg ketamine, independent 
of body weight, be given, 3 minutes prior to local analgesia injection. Any patient movement 
accompanied with an EMG spike during injection must be given more propofol to drive the 
EMG spike back to the baseline. As little as repeated 100 mcg/kg propofol boluses or as much 
as 200–400 mcg/kg propofol boluses may be required. An upward basal rate should be consid-
ered to maintain the patient’s propofol level at 60 < BIS < 75 with baseline EMG.

The surgeon should inject as much of the proposed surgical field(s) with the initial ketamine 
dose whenever possible. Review of 1000 patient records demonstrated 80% were performed 
with one or two 50 mg ketamine doses. Aggregate ketamine doses greater than 200 mg were 
associated with prolonged emergence. Many surgeons are concerned that the lidocaine or 
epinephrine effect will not last if a lengthy procedure is contemplated. Long experience with 
Klein’s ultradilute solution [21] has shown that concern is unwarranted even in 6-hour cases. 
Ketamine is to facilitate a painless injection of ‘virgin’ surgical fields and is not necessary for 
reinjections when needed.

6. Laryngospasm

The traditional crowing sound of incompletely closed vocal cords is rarely seen with 
“Goldilocks” anesthesia. The type of laryngospasm is characterized by complete vocal cord 
closure. The only prodrome is a cough or a sneeze. The traditional remedies of anterior jaw 
thrust and positive pressure ventilation are ineffective in dealing with ketamine-associated 
laryngospasm. The author has consistently been successful treating this type of laryngospasm 
with IV lidocaine 1 mg/lb or 2 mg/kg given STAT whenever a cough or sneeze is observed.

Spontaneous ventilation preservation is a hallmark of successful “Goldilocks” anesthesia. The 
use of succinylcholine (SCh) will produce a patient with very painful postoperative muscle 
pains. SCh is not recommended as it is an MH trigger as opposed to nontriggering propofol 
or ketamine. Nondepolarizing rocuronium in small doses is a possibility but also defeats the 
value of spontaneous ventilation even with its short duration of action. Propofol elevates the 
lidocaine seizure threshold. The author has not observed lidocaine-induced seizures when 
treating laryngospasm with IV lidocaine. However, in extremely rare cases, severe bradycar-
dia, even asystole, may be seen with multiple IV lidocaine injections. Preemptive lidocaine 
should be considered optional. Consider deepening propofol level after 2–3 lidocaine doses 
are required to break the laryngospasm.

7. Pitfalls to avoid

Anytime the words propofol and ketamine are used, readers too often think ketofol, the 
admixture of the two agents in the same syringe [22]. There are many permutations of the ideal 
ratio of propofol to ketamine. Mixing the two agents makes it very difficult, if not impossible, 
to differentiate when adequate hypnosis occurs as well as when midbrain NMDA receptor 
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saturation occurs. “Goldilocks” anesthesia provides numerically reproducible propofol levels 
to define adequate hypnosis as well as the absence of EMG spikes with local anesthesia injec-
tion to define midbrain NMDA receptor saturation (Table 5).

Propofol ketamine is like the martini cocktail wherein the propofol is the ‘vodka’ and the 
ketamine is the ‘olive.’ Ketofol is when the propofol in mixed with the ketamine. These are 
two very different approaches that should never be confused with one another. Do not mix 
propofol with ketamine.

Propofol hypnosis is protective of ketamine hallucinations [13]. Do not give ketamine 
before propofol hypnosis. Bolus propofol induction will not provide a stable CNS propofol 
level to protect against ketamine hallucinations. Do not induce with 1–2 mg/kg propofol 
boluses.

Propofol at BIS < 75 with baseline EMG is a numerically reproducible protection against ket-
amine hallucinations. Do not give ketamine if BIS > 75 or EMG is not at baseline.

Adequate local analgesia is critical to minimizing or eliminating the need for postoperative 
opioid pain rescue. Do not fail to have the surgeon reinject the immediate area of dissection 
when patient movement occurs without EMG spike and BIS < 75. More propofol or ketamine is 
an inadequate response for patient movement at BIS < 75 with baseline EMG. Adding opioids 
instead of more local analgesia is not only inadequate to correctly deal with insufficient local 
analgesia but also increases the probability of PONV.

Aggregate ketamine doses >200 mg is associated with prolonged emergence. Do not exceed 
200 mg ketamine or give ketamine in the last 20 minutes of the case or use ketamine in 
cases less than 20 minutes. Spontaneous ventilation is a prized safety feature of “Goldilocks” 
anesthesia. Do not introduce an MH trigger like SCH to treat laryngospasm. Because of the 

Do not mix propofol and ketamine. Titrate separately to define goals of adequate hypnosis and midbrain NMDA 
saturation.

Do not give ketamine before propofol.

Do not bolus propofol for induction. Incrementally induce.

Do not give ketamine at BIS > 75.

Do not fail to provide adequate local analgesia.

Do not give opioids in lieu of adequate local analgesia.

Do not give ketamine in lieu of adequate local analgesia.

Do not exceed an aggregate ketamine dose >200 mg.

Do not give ketamine in the last 20 minutes of a case or for cases <20 minutes duration.

Do not paralyze instead of using lidocaine to break laryngospasm.

Do not use succinylcholine instead of lidocaine to treat laryngospasm.

Table 5. Pitfalls to avoid.
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dia, even asystole, may be seen with multiple IV lidocaine injections. Preemptive lidocaine 
should be considered optional. Consider deepening propofol level after 2–3 lidocaine doses 
are required to break the laryngospasm.
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Anytime the words propofol and ketamine are used, readers too often think ketofol, the 
admixture of the two agents in the same syringe [22]. There are many permutations of the ideal 
ratio of propofol to ketamine. Mixing the two agents makes it very difficult, if not impossible, 
to differentiate when adequate hypnosis occurs as well as when midbrain NMDA receptor 
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saturation occurs. “Goldilocks” anesthesia provides numerically reproducible propofol levels 
to define adequate hypnosis as well as the absence of EMG spikes with local anesthesia injec-
tion to define midbrain NMDA receptor saturation (Table 5).

Propofol ketamine is like the martini cocktail wherein the propofol is the ‘vodka’ and the 
ketamine is the ‘olive.’ Ketofol is when the propofol in mixed with the ketamine. These are 
two very different approaches that should never be confused with one another. Do not mix 
propofol with ketamine.

Propofol hypnosis is protective of ketamine hallucinations [13]. Do not give ketamine 
before propofol hypnosis. Bolus propofol induction will not provide a stable CNS propofol 
level to protect against ketamine hallucinations. Do not induce with 1–2 mg/kg propofol 
boluses.

Propofol at BIS < 75 with baseline EMG is a numerically reproducible protection against ket-
amine hallucinations. Do not give ketamine if BIS > 75 or EMG is not at baseline.

Adequate local analgesia is critical to minimizing or eliminating the need for postoperative 
opioid pain rescue. Do not fail to have the surgeon reinject the immediate area of dissection 
when patient movement occurs without EMG spike and BIS < 75. More propofol or ketamine is 
an inadequate response for patient movement at BIS < 75 with baseline EMG. Adding opioids 
instead of more local analgesia is not only inadequate to correctly deal with insufficient local 
analgesia but also increases the probability of PONV.

Aggregate ketamine doses >200 mg is associated with prolonged emergence. Do not exceed 
200 mg ketamine or give ketamine in the last 20 minutes of the case or use ketamine in 
cases less than 20 minutes. Spontaneous ventilation is a prized safety feature of “Goldilocks” 
anesthesia. Do not introduce an MH trigger like SCH to treat laryngospasm. Because of the 

Do not mix propofol and ketamine. Titrate separately to define goals of adequate hypnosis and midbrain NMDA 
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Do not give ketamine before propofol.

Do not bolus propofol for induction. Incrementally induce.

Do not give ketamine at BIS > 75.

Do not fail to provide adequate local analgesia.

Do not give opioids in lieu of adequate local analgesia.

Do not give ketamine in lieu of adequate local analgesia.

Do not exceed an aggregate ketamine dose >200 mg.

Do not give ketamine in the last 20 minutes of a case or for cases <20 minutes duration.

Do not paralyze instead of using lidocaine to break laryngospasm.

Do not use succinylcholine instead of lidocaine to treat laryngospasm.
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subsequent need to support ventilation, rocuronium is not preferred over IV lidocaine even 
though postoperative muscle pain will not result from its use.

8. Conclusion

While many anesthesiologists have observed “Goldilocks” anesthesia administered for 
classical abdominoplasty, cognitive dissonance often prevents believing what they have 
witnessed. It is not unusual for anesthesiologists to observe patients recover in a manner 
totally unlike that of GA or neuraxial block for them to believe that what they formerly 
believed was a major invasive surgery performed with a minimally invasive anesthetic 
approach.

When the surgeon is properly prepared for his role giving adequate local analgesia, the stage 
is set for outstanding, reproducible anesthesia outcomes for elective cosmetic surgery. The 
anesthesiologist needs to understand the real-time value of BIS/EMG monitoring and use 
it for the benefit of the conduct of the case. It may also be necessary to overcome outdated, 
unproductive teaching about negative ketamine side effects.

Cosmetic surgery patients endeavor to improve their level of happiness by altering their body 
image. Propofol is a happy affect drug that nicely complements the mental recovery of these 
patients.
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Abstract

Cleft lip and palate are the most common craniofacial deformities in the United States 
of America and México. Their aesthetic and functional implications influence the life-
style of the patient: social relationships, school and working performances, self-esteem 
and health. Surgical repair of the cleft lip is around the third to sixth month of age and 
the palate repair is when the patient is between six and eighteen months old. There are 
other surgical repairs during childhood and ideally all of them should be performed by 
an experienced surgeon teaming up with a pediatric anesthesiologist following the gold 
standards in cleft care, in a setting where the safety of the patient is paramount.

Keywords: cleft lip, cleft palate, anesthesia

1. Introduction

When anesthetic procedures are performed in cleft patients, there are multiple considerations 
that have to be taken into account: the actual lip and palate deformities that could lead to a 
difficult intubation, airway malformations and reactions to the procedure that could lead to 
laryngospasm or bronchospasm, other malformations or diseases that could alter the progno-
sis during and after the surgery, the surgical procedure itself that could lead to bleeding or air-
way obstruction due to swelling, the intubation, the administration of anesthetic medications, 
the ventilation and use of other medications such as muscle relaxants, pain killers, etcetera, 
that could alter the homeostasis of the body, and other factors surrounding the anesthetic pro-
cedure like the equipment used, the monitoring applied, the site where the surgical act is tak-
ing place, the experience of surgeons, anesthesiologists and nurses in charge of cleft care, the 
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Keywords: cleft lip, cleft palate, anesthesia

1. Introduction

When anesthetic procedures are performed in cleft patients, there are multiple considerations 
that have to be taken into account: the actual lip and palate deformities that could lead to a 
difficult intubation, airway malformations and reactions to the procedure that could lead to 
laryngospasm or bronchospasm, other malformations or diseases that could alter the progno-
sis during and after the surgery, the surgical procedure itself that could lead to bleeding or air-
way obstruction due to swelling, the intubation, the administration of anesthetic medications, 
the ventilation and use of other medications such as muscle relaxants, pain killers, etcetera, 
that could alter the homeostasis of the body, and other factors surrounding the anesthetic pro-
cedure like the equipment used, the monitoring applied, the site where the surgical act is tak-
ing place, the experience of surgeons, anesthesiologists and nurses in charge of cleft care, the 
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availability of a blood bank and an ICU in case of an adverse event. When all of these factors 
are well controlled and overseen by an experienced team, the risk for an adverse outcome is 
significantly reduced. This is why there has been an international consensus for guidelines that 
will lead the cleft team to successful surgical and anesthetic performances. If the team is visit-
ing a foreign country, they must follow the same gold standards of care contained within these 
guidelines and work within their scope of practice. If the medical setting that they are visiting 
lacks the equipment, medications and supplies needed for them to perform at their best, then 
they should bring the equipment, medications and supplies with them.

2. General considerations

Cleft lip (CL) and cleft palate (CP) are one of the most common congenital anomalies found in 
the United States and the most common craniofacial anomaly seen by plastic surgeons. Nearly 
one in five hundred live births will result in a child affected by cleft CL and/or CP. The Center 
for Disease Control estimates that 2650 babies are born with CP and 4440 babies are born with 
CL with or without a CP annually [1]. In developing countries, such as México, CL and CP is 
the most common congenital malformation requiring surgical treatment and its incidence is 
1:800 to 1000 live births. Of these, 33% have CL. 64% CL and CP. 2% only present a CP and 1%, 
rare craniofacial clefts. On average, there are 9.6 new cases per day and 3521 cases per year [2].

In the United States, children with CL and CP are primarily cared for in cleft centers with mul-
tidisciplinary teams. Teams consisting of otolaryngologists, plastic surgeons, oral surgeons, 
speech therapists, occupational therapists, dentists and orthodontists work together to ensure 
optimal timing and care of these patients. Anesthesiologists also integrate into these teams 
when surgical procedures are required. Studies from the United Kingdom suggest that chil-
dren who are cared for by these multidisciplinary teams have improved long-term outcomes 
with improved feeding, speech, and esthetics [3–7]. For many families, the diagnosis of a cleft 
occurs during the prenatal period. Prenatal counseling may be the first interaction with the 
cleft team, facilitating a long relationship with multiple specialists to establish expectations 
regarding the long-term possibilities for children with CP or CL and CP. There are approxi-
mately 139,000 Mexicans who have CL and CP. It is a very important public health prob-
lem due to the medical, psychological and social impact to the patients and their family. The 
causes are multifactorial and can be environmental, genetic or a combination [8].

Infants with CL and CP can have difficulty generating oral suction which can make breast 
feeding and bottle feeding a challenge. Many infants with CL and CP struggle with feed-
ing and may require special bottles, nipples or education to achieve adequate weight gain. 
Children without access to support services may endure nutritional consequences, which if 
not taken care of at an early age, can deteriorate or affect growth and development [2, 9].

The goals for surgical repair of CP and CL repair are to reconstruct the affected area, leading 
to improved feeding, speech, and function of the nasal airway. CL repair in the United States 
typically occurs first within 2 to 3 months of age with CP repair occurring between 9 and 
12 months [10]. The time between birth and this initial repair allows for a thorough work up of 
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other co-morbidities and evaluation of any underlying syndromes. In the majority of children 
with a cleft there are no other associate syndromes or malformations. However, 20–30% of 
patients will have some underlying syndrome or systemic abnormalities requiring evaluation 
and potentially treatment prior to repair of the cleft [11]. Isolated CP has the greatest incidence 
of associate abnormalities while isolated CL is most likely to be an isolated feature. Thus, a 
thorough pre-operative evaluation by the cleft team is essential prior to surgical repair.

At least 275 different syndromes [12] have been associated with CL and CP. There are a variety 
of co-morbidities associated with these syndromes. However, cardiac and airway abnormali-
ties represent the primary concerns of the anesthesia teams prior to repair of cleft abnormali-
ties. Syndromes such as Pierre Robin Sequence, Treacher Collins, Goldenhar Syndrome and 
22q deletion, are associated with mandibular hypoplasia, potentially making airway manage-
ment and repair difficult. Cardiac abnormalities are the most frequent associate co-morbidity 
in children with clefts [13]. Tetralogy of Fallot, atrial septal defect and ventricular septal defect 
represent the most common congenital heart disease seen in this patient population. A thor-
ough physical exam and imaging with cardiac echocardiogram should be performed for these 
children. Cardiac abnormalities should be optimized and potentially repaired prior to repair 
of the cleft itself. Optimization of other co-morbidities, such as airway anomalies, renal dys-
function, nutrition and additional medical issues, should also be a top priority in the months 
following birth. Children with CP are prone to middle ear effusions and recurrent otitis media. 
The dysfunction of the palate muscles impairs regulation of the Eustachian tubes, which may 
increase the risk of upper respiratory infections.

Patients with CP have an increased risk of gastroesophageal reflux and pulmonary aspiration 
which may contribute to airway reactivity. Speech impairment also occurs due to the abnormal 
anatomy of the CP musculature and speech development is further hindered in patients with 
hypoacusia [12]. In México, the multidisciplinary approach is a must in almost all 53 cleft clinics 
located throughout the country and the role of the anesthesiologist is vital as well as the pediatri-
cian, cardiologist, geneticist, nutritionist, pneumologist, gastroenterologist and all other special-
ists that may be involved in the preoperative assessment for the patient. Once the patient has 
undergone the lip and/or palate surgeries, the multidisciplinary cleft team involving the surgeon, 
orthodontist, speech therapist, otorhinolaryngologist, audiologist and psychologist become very 
active in providing their services to improve the physical appearance and the functional activity 
regarding speech, hearing, feeding, and socialization and self-esteem of the patient [14].

3. Consideration of anesthesia management

During surgical repair, a general anesthetic is required to allow for optimal surgical conditions. 
Control of ventilation through endotracheal intubation is necessary. Given the abnormalities 
of the face, concern may exist regarding the difficulty of mask ventilation and endotracheal 
intubation. Both ease of ventilation and intubation might have significant effects on the man-
agement of the induction of anesthesia as well as the equipment that should be present prior 
to induction of general anesthesia. Unlike the adult population, there are not any objective 
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availability of a blood bank and an ICU in case of an adverse event. When all of these factors 
are well controlled and overseen by an experienced team, the risk for an adverse outcome is 
significantly reduced. This is why there has been an international consensus for guidelines that 
will lead the cleft team to successful surgical and anesthetic performances. If the team is visit-
ing a foreign country, they must follow the same gold standards of care contained within these 
guidelines and work within their scope of practice. If the medical setting that they are visiting 
lacks the equipment, medications and supplies needed for them to perform at their best, then 
they should bring the equipment, medications and supplies with them.

2. General considerations

Cleft lip (CL) and cleft palate (CP) are one of the most common congenital anomalies found in 
the United States and the most common craniofacial anomaly seen by plastic surgeons. Nearly 
one in five hundred live births will result in a child affected by cleft CL and/or CP. The Center 
for Disease Control estimates that 2650 babies are born with CP and 4440 babies are born with 
CL with or without a CP annually [1]. In developing countries, such as México, CL and CP is 
the most common congenital malformation requiring surgical treatment and its incidence is 
1:800 to 1000 live births. Of these, 33% have CL. 64% CL and CP. 2% only present a CP and 1%, 
rare craniofacial clefts. On average, there are 9.6 new cases per day and 3521 cases per year [2].

In the United States, children with CL and CP are primarily cared for in cleft centers with mul-
tidisciplinary teams. Teams consisting of otolaryngologists, plastic surgeons, oral surgeons, 
speech therapists, occupational therapists, dentists and orthodontists work together to ensure 
optimal timing and care of these patients. Anesthesiologists also integrate into these teams 
when surgical procedures are required. Studies from the United Kingdom suggest that chil-
dren who are cared for by these multidisciplinary teams have improved long-term outcomes 
with improved feeding, speech, and esthetics [3–7]. For many families, the diagnosis of a cleft 
occurs during the prenatal period. Prenatal counseling may be the first interaction with the 
cleft team, facilitating a long relationship with multiple specialists to establish expectations 
regarding the long-term possibilities for children with CP or CL and CP. There are approxi-
mately 139,000 Mexicans who have CL and CP. It is a very important public health prob-
lem due to the medical, psychological and social impact to the patients and their family. The 
causes are multifactorial and can be environmental, genetic or a combination [8].

Infants with CL and CP can have difficulty generating oral suction which can make breast 
feeding and bottle feeding a challenge. Many infants with CL and CP struggle with feed-
ing and may require special bottles, nipples or education to achieve adequate weight gain. 
Children without access to support services may endure nutritional consequences, which if 
not taken care of at an early age, can deteriorate or affect growth and development [2, 9].

The goals for surgical repair of CP and CL repair are to reconstruct the affected area, leading 
to improved feeding, speech, and function of the nasal airway. CL repair in the United States 
typically occurs first within 2 to 3 months of age with CP repair occurring between 9 and 
12 months [10]. The time between birth and this initial repair allows for a thorough work up of 
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other co-morbidities and evaluation of any underlying syndromes. In the majority of children 
with a cleft there are no other associate syndromes or malformations. However, 20–30% of 
patients will have some underlying syndrome or systemic abnormalities requiring evaluation 
and potentially treatment prior to repair of the cleft [11]. Isolated CP has the greatest incidence 
of associate abnormalities while isolated CL is most likely to be an isolated feature. Thus, a 
thorough pre-operative evaluation by the cleft team is essential prior to surgical repair.

At least 275 different syndromes [12] have been associated with CL and CP. There are a variety 
of co-morbidities associated with these syndromes. However, cardiac and airway abnormali-
ties represent the primary concerns of the anesthesia teams prior to repair of cleft abnormali-
ties. Syndromes such as Pierre Robin Sequence, Treacher Collins, Goldenhar Syndrome and 
22q deletion, are associated with mandibular hypoplasia, potentially making airway manage-
ment and repair difficult. Cardiac abnormalities are the most frequent associate co-morbidity 
in children with clefts [13]. Tetralogy of Fallot, atrial septal defect and ventricular septal defect 
represent the most common congenital heart disease seen in this patient population. A thor-
ough physical exam and imaging with cardiac echocardiogram should be performed for these 
children. Cardiac abnormalities should be optimized and potentially repaired prior to repair 
of the cleft itself. Optimization of other co-morbidities, such as airway anomalies, renal dys-
function, nutrition and additional medical issues, should also be a top priority in the months 
following birth. Children with CP are prone to middle ear effusions and recurrent otitis media. 
The dysfunction of the palate muscles impairs regulation of the Eustachian tubes, which may 
increase the risk of upper respiratory infections.

Patients with CP have an increased risk of gastroesophageal reflux and pulmonary aspiration 
which may contribute to airway reactivity. Speech impairment also occurs due to the abnormal 
anatomy of the CP musculature and speech development is further hindered in patients with 
hypoacusia [12]. In México, the multidisciplinary approach is a must in almost all 53 cleft clinics 
located throughout the country and the role of the anesthesiologist is vital as well as the pediatri-
cian, cardiologist, geneticist, nutritionist, pneumologist, gastroenterologist and all other special-
ists that may be involved in the preoperative assessment for the patient. Once the patient has 
undergone the lip and/or palate surgeries, the multidisciplinary cleft team involving the surgeon, 
orthodontist, speech therapist, otorhinolaryngologist, audiologist and psychologist become very 
active in providing their services to improve the physical appearance and the functional activity 
regarding speech, hearing, feeding, and socialization and self-esteem of the patient [14].

3. Consideration of anesthesia management

During surgical repair, a general anesthetic is required to allow for optimal surgical conditions. 
Control of ventilation through endotracheal intubation is necessary. Given the abnormalities 
of the face, concern may exist regarding the difficulty of mask ventilation and endotracheal 
intubation. Both ease of ventilation and intubation might have significant effects on the man-
agement of the induction of anesthesia as well as the equipment that should be present prior 
to induction of general anesthesia. Unlike the adult population, there are not any objective 
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exam criteria that can help identify a difficult airway. Young children will not participate in 
the normal airway exam. A difficult airway, defined as a difficult laryngoscopy, intubation or 
mask ventilation, is less common in pediatric patients [15–20]. However, young age (less than 
1 year of age) and craniofacial abnormalities increase the risk of a difficult airway [15].

Although there are not set criteria that is useful to identify a child with a CP who will be a dif-
ficult laryngoscopy, examination for retrognathia should occur in each child. Viewing the face 
from the side is an easy way to identify retrognathia. If retrognathia is present, a potentially 
difficult intubation should be anticipated, and additional precautions should be undertaken. 
In the United States, a laryngeal mask airway, video laryngoscope and a fiber optic bron-
choscope are tools that could be used to aid with a difficult intubation. If providing surgical 
care in a resource limited location these tools may not be available. An honest, but thorough 
evaluation of the facility’s capabilities should be performed to ensure that the primary goal of 
doing no harm to the patient is followed.

Pre-operative history should also focus on determining if the infant has an upper respiratory 
infection (URI). Patients with a URI are at increased risk for perioperative respiratory events such 
as bronchospasm, laryngospasms, desaturations, breath holding and postintubation croup [21]. 
Presence of copious sputum and secretions, nasal congestion, recent URI (less than 2 weeks), 
and history of reactive airway disease increased the risk of perioperative adverse respiratory 
events [22]. Patients with CL and/or CP with a recent URI are at an increased risk of periop-
erative respiratory events compared to children without CL and/or CP who have had a recent 
URI. To minimize the risk of perioperative respiratory events, it is recommended that surgery 
be postponed for 4–6 weeks after the URI has resolved and that an experienced pediatric anes-
thesiologist performs the anesthetic [19]. Despite these perioperative events, in the experienced 
hands of a pediatric anesthesiologist there is not a risk for substantial morbidity or mortality 
in these patients. Nonetheless, if these symptoms are present it is prudent to postpone surgery 
for repair of the CL or CP until the child is no longer ill. Gunawardana and Arteau-Gauthier 
et al. [23, 24] studied risk factors for difficult laryngoscopy in children with CP. These children 
did not have any identified syndrome. 5–7% of patients in these studies had difficult laryngos-
copy, a higher incidence than in other pediatric patients. Large or bilateral clefts, micrognathia 
and age less than 6 months were associated with increased incidence of difficult laryngoscopy. 
Large and bilateral clefts can be difficult because the blade of the laryngoscope can fall into the 
cleft. Should this occur, one can pack the cleft with gauze to improve the laryngoscopy. No 
patients in these studies were associated with difficult mask ventilation. Since mask ventilation 
is not difficult in most of these patients, an inhaled induction with volatile anesthetic with con-
trol of ventilation is appropriate in most of these patients in experienced hands.

The preanesthetic assessment is very important and should contain the patient’s information: 
age, height and weight and its main goals are:

a) To obtain the medical and surgical background of the patient:

• Family background of anesthetic problems

• Perinatal background such as pregnancy evolution, kind of delivery, complications during 
delivery, need of special care after birth, prolonged hospitalization [9].
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• Non-pathologic background related with nutritional state and development

• Review of systems: pulmonary abnormalities including recent respiratory infections, cra-
niofacial deformities that will make airway and respiratory management more difficult [8], 
cardiac abnormalities and their treatment and cardiovascular evaluation required latest 
respiratory infection due to the high incidence of fistula formation or palate wound dehis-
cence [8], or increasing the incidence of complications of the anesthetic procedure (23%). It 
has been recommended a period of 4 to 6 weeks between the relief of respiratory infection 
and the surgical and anesthetic event to avoid such complications [25–26]. Another impor-
tant issue is allergies to medications, food and toys. Kind of malformations the patient has 
and other anesthetic procedures in the past and the patient’s reactions to them.

• Complete physical examination, including the possibility of difficult venous access and 
airway.

• Lab work: complete blood count, prothrombin time, partial thrombin time, bleeding and 
coagulation times, and any other studies for cardiovascular assessment such as EKG, chest 
X-rays or echocardiogram [25].

b) Evaluate the anesthetic risk and decide on the anesthetic technique to be used.

c) Inform the parents about the anesthetic technique to be used and the possibility of ad-
verse events as well as the amount of time the patient needs to be NPO before the surgery 
depending on the age of the patient: 2 hours of clear liquids in all ages, to age less than 
6 months 4 hours for maternal milk, and 6 hours for non-maternal milk. For patients 6 to 
36 months old; 6 hours to solid food and non-maternal milk including formula [26, 14].

d) Preoperative medications: intranasal dexmedetomidine is great for patients older than 
6 months because it diminishes secretions that are produced by crying. It must be ad-
ministered and be continuously monitored in any setting. Midazolam PO is used to treat 
separation anxiety before taking the children into the operating room.

No matter the setting where the cleft surgery is going to take place, the anesthetic procedure 
must have the basic monitoring like continuous evaluation of electrocardiography, noninva-
sive blood pressure, arterial oxygen saturation, temperature, end-tidal carbon dioxide, with 
capnography. The objective is to obtain a safe management of the patient and to minimize the 
complications [9, 27]. When the surgical outreach trips for clefts in children occur in a general 
hospital not a pediatric hospital, it is important to provide that institution with the appropri-
ate monitors and equipment for the adequate management and safety for the patient.

There is no standard anesthetic that has been shown to be superior in the care of children 
for repair of CL and CP. Typically, CL are repaired at 2–3 months of age to improve feed-
ing and repair the muscular of the mouth. CP is repaired between 9 and 12 months of age. 
The goal is to optimize speech development. However, earlier repair could increase the 
likelihood of midface hypoplasia in the future. No premedication is required for children 
of these ages undergoing CL and CP repair. At this stage in life, separation anxiety is not 
yet a major concern. Most children present for surgery from home and have no established 
intravenous access. Most anesthesiologists utilize an inhalational induction with volatile 
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exam criteria that can help identify a difficult airway. Young children will not participate in 
the normal airway exam. A difficult airway, defined as a difficult laryngoscopy, intubation or 
mask ventilation, is less common in pediatric patients [15–20]. However, young age (less than 
1 year of age) and craniofacial abnormalities increase the risk of a difficult airway [15].

Although there are not set criteria that is useful to identify a child with a CP who will be a dif-
ficult laryngoscopy, examination for retrognathia should occur in each child. Viewing the face 
from the side is an easy way to identify retrognathia. If retrognathia is present, a potentially 
difficult intubation should be anticipated, and additional precautions should be undertaken. 
In the United States, a laryngeal mask airway, video laryngoscope and a fiber optic bron-
choscope are tools that could be used to aid with a difficult intubation. If providing surgical 
care in a resource limited location these tools may not be available. An honest, but thorough 
evaluation of the facility’s capabilities should be performed to ensure that the primary goal of 
doing no harm to the patient is followed.

Pre-operative history should also focus on determining if the infant has an upper respiratory 
infection (URI). Patients with a URI are at increased risk for perioperative respiratory events such 
as bronchospasm, laryngospasms, desaturations, breath holding and postintubation croup [21]. 
Presence of copious sputum and secretions, nasal congestion, recent URI (less than 2 weeks), 
and history of reactive airway disease increased the risk of perioperative adverse respiratory 
events [22]. Patients with CL and/or CP with a recent URI are at an increased risk of periop-
erative respiratory events compared to children without CL and/or CP who have had a recent 
URI. To minimize the risk of perioperative respiratory events, it is recommended that surgery 
be postponed for 4–6 weeks after the URI has resolved and that an experienced pediatric anes-
thesiologist performs the anesthetic [19]. Despite these perioperative events, in the experienced 
hands of a pediatric anesthesiologist there is not a risk for substantial morbidity or mortality 
in these patients. Nonetheless, if these symptoms are present it is prudent to postpone surgery 
for repair of the CL or CP until the child is no longer ill. Gunawardana and Arteau-Gauthier 
et al. [23, 24] studied risk factors for difficult laryngoscopy in children with CP. These children 
did not have any identified syndrome. 5–7% of patients in these studies had difficult laryngos-
copy, a higher incidence than in other pediatric patients. Large or bilateral clefts, micrognathia 
and age less than 6 months were associated with increased incidence of difficult laryngoscopy. 
Large and bilateral clefts can be difficult because the blade of the laryngoscope can fall into the 
cleft. Should this occur, one can pack the cleft with gauze to improve the laryngoscopy. No 
patients in these studies were associated with difficult mask ventilation. Since mask ventilation 
is not difficult in most of these patients, an inhaled induction with volatile anesthetic with con-
trol of ventilation is appropriate in most of these patients in experienced hands.

The preanesthetic assessment is very important and should contain the patient’s information: 
age, height and weight and its main goals are:

a) To obtain the medical and surgical background of the patient:

• Family background of anesthetic problems

• Perinatal background such as pregnancy evolution, kind of delivery, complications during 
delivery, need of special care after birth, prolonged hospitalization [9].
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• Non-pathologic background related with nutritional state and development

• Review of systems: pulmonary abnormalities including recent respiratory infections, cra-
niofacial deformities that will make airway and respiratory management more difficult [8], 
cardiac abnormalities and their treatment and cardiovascular evaluation required latest 
respiratory infection due to the high incidence of fistula formation or palate wound dehis-
cence [8], or increasing the incidence of complications of the anesthetic procedure (23%). It 
has been recommended a period of 4 to 6 weeks between the relief of respiratory infection 
and the surgical and anesthetic event to avoid such complications [25–26]. Another impor-
tant issue is allergies to medications, food and toys. Kind of malformations the patient has 
and other anesthetic procedures in the past and the patient’s reactions to them.

• Complete physical examination, including the possibility of difficult venous access and 
airway.

• Lab work: complete blood count, prothrombin time, partial thrombin time, bleeding and 
coagulation times, and any other studies for cardiovascular assessment such as EKG, chest 
X-rays or echocardiogram [25].

b) Evaluate the anesthetic risk and decide on the anesthetic technique to be used.

c) Inform the parents about the anesthetic technique to be used and the possibility of ad-
verse events as well as the amount of time the patient needs to be NPO before the surgery 
depending on the age of the patient: 2 hours of clear liquids in all ages, to age less than 
6 months 4 hours for maternal milk, and 6 hours for non-maternal milk. For patients 6 to 
36 months old; 6 hours to solid food and non-maternal milk including formula [26, 14].

d) Preoperative medications: intranasal dexmedetomidine is great for patients older than 
6 months because it diminishes secretions that are produced by crying. It must be ad-
ministered and be continuously monitored in any setting. Midazolam PO is used to treat 
separation anxiety before taking the children into the operating room.

No matter the setting where the cleft surgery is going to take place, the anesthetic procedure 
must have the basic monitoring like continuous evaluation of electrocardiography, noninva-
sive blood pressure, arterial oxygen saturation, temperature, end-tidal carbon dioxide, with 
capnography. The objective is to obtain a safe management of the patient and to minimize the 
complications [9, 27]. When the surgical outreach trips for clefts in children occur in a general 
hospital not a pediatric hospital, it is important to provide that institution with the appropri-
ate monitors and equipment for the adequate management and safety for the patient.

There is no standard anesthetic that has been shown to be superior in the care of children 
for repair of CL and CP. Typically, CL are repaired at 2–3 months of age to improve feed-
ing and repair the muscular of the mouth. CP is repaired between 9 and 12 months of age. 
The goal is to optimize speech development. However, earlier repair could increase the 
likelihood of midface hypoplasia in the future. No premedication is required for children 
of these ages undergoing CL and CP repair. At this stage in life, separation anxiety is not 
yet a major concern. Most children present for surgery from home and have no established 
intravenous access. Most anesthesiologists utilize an inhalational induction with volatile 
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anesthesia. If a difficult airway is anticipated, then this induction may be changed. The 
induction stage is the one with the most risk of adverse events. The main adverse event 
reported in the literature at the Instituto Nacional de Pediatría in Mexico City is laryn-
gospasm which was noted in 77% of the cases [28]. Once intravenous access is obtained 
intubation with a RAE (Ring, Adiar and Elwyn) endotracheal tube is used. The pre-formed 
bend in this endotracheal tube lies on the chin, optimizing the surgical exposure for the 
surgeon. For a CP repair a throat pack may be used and a Digman retractor is typically 
placed to further improve surgical visualization. Care must be taken to ensure that the 
endotracheal tube is not moved when these devices are placed, as endobronchial intuba-
tion or inadvertent extubation can occur. In addition, the Digman retractor can compress 
the endotracheal tube when initially raised. Communication with the surgeons is impor-
tant to ensure optimal oxygenation and ventilation continues throughout the surgical 
repair. Multiple anesthesia techniques can be used for the children undergoing CL or CP 
repair. In the United States, use of a volatile anesthetic with or without opioids or regional 
anesthesia [29–31] is commonly used. Anesthesia with propofol-remifentanil can also be 
used with similar anesthetic results [30].

There is an important incidence of adverse events during this stage such as accidental extu-
bation and occlusion of the endotracheal tube by surgical instruments or malposition of the 
patient. It’s also important to mention the laryngospasm and bronchospasm during the palate 
repair. Hypothermia in patients of two months to two years of age is directly proportional 
to the length of the surgery and the temperature of the surgical room [27]. In the Instituto 
Nacional de Pediatría, hypothermia was a frequent concern and it is critical to keep the sur-
gical room at an adequate temperature to avoid other adverse events that could alter the 
behavior or stability of the patient during the moment of the extubation. To avoid the adverse 
events such as laryngospasm and bronchospasm it is important to set criteria for the best 
moment of extubation.

4. Perioperative and postsurgery analgesia

Pain control during the entire perioperative procedure is especially important in CL and pal-
ate surgeries. Multi-modal pain therapy with narcotic, non-narcotic and regional anesthesia 
can help ensure optimal pain control. In the United States, the surgeon will typically inject 
local anesthetic and epinephrine prior to the repair of both CL as well as CP. The main goal of 
this injection is to provide vasoconstriction in surgical field. However, when local anesthetic 
is utilized the patient will benefit from some additional pain control. The duration of which 
is dependent on the type of local anesthetic used. Opioids can be used intraoperatively to 
smooth the hemodynamic response to surgical pain. Some anesthesiologists in the United 
States are increasingly using the short acting narcotic remifentanil. Remifentanil is potent and 
quick acting, but is metabolized quickly allowing its effects to dissipate quickly. Remifentanil 
can also be used to facilitate a smooth emergence and extubation in these patients. However, 
remifentanil may not be available in all facilities throughout the world, making it difficult to 
utilize in resource limited locations.
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Regional anesthesia can provide excellent analgesia in children undergoing surgical repair of 
CL. The infraorbital nerve provides sensory innervation to the skin on the unilateral skin and 
mucous membranes from the upper lip through the check and to the lower eyelid. Sensory 
innervation for the nasal alae is also provided (Figure 1). Blockade of the infraorbital nerve 
should provide pain relief for most of the tissue affected by a CL repair. A 2016 Cochrane 
Review of infraorbital nerve blocks during CL repair demonstrated that bilateral infraorbital 
nerve blocks result in lower opioid consumption during the surgical procedure as well as 
lower pain scores in the Post-Anesthesia Care Unite (PACU) [32]. The pain relief was superior 
to fentanyl [33], placebo [34], and local infiltration [35]. Nicodemus et al. [36] demonstrated 
that pain relief lasted 19 hours when a mixture of bupivacaine with epinephrine was used 
for the block. Infraorbital nerve blocks can be easily placed via two approaches; intraoral or 
extra-oral. The intraoral approach directs a 25 g needle in the mouth and until the gingiva-
labial fold near the canine toward the infraorbital notch. The infraorbital nerve emerges from 
the infra-orbital foramen below the eye which is easily palpated in most patients. Care must 
be taken to avoid advancing the needle past the foramen into the eye in neonates and infants. 
Given the small size of these patients, the toxic dose of local anesthesia should be calculated 
when the surgeon also utilizes local anesthetic with epinephrine for vasoconstriction in the 
surgical field. Typically, only 0.5–1 mL of local anesthetic is utilized.

The sensory innervation of the palate is more complex than the lip, requiring blockade of the 
greater palatine, lesser palatine and the nasopalatine. Each of these nerves is branches of the max-
illary division of the trigeminal nerve. The suprazygomatic approach to maxillary nerve block-
ade allows a single injection to provide improved pain control for CP repair [37–38]. Overall, 
pain was better controlled, and fewer narcotics were required for the first 48 hours following 
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surgical repair. Unfortunately, suprazygomatic maxillary nerve block is not frequently used due 
to lack of familiarity by most anesthesiologists in the United States currently. However, unlike 
infraorbital nerve blocks the nerve block alone is not sufficient to provide adequate analgesia. 
Typically, narcotics are used in the United States to supplement the residual discomfort.

Multi-modal pain management incorporates the use of non-narcotic medications. Aceta-
minophen, non-steroidal anti-inflammatory medications and the alpha-2 agonists, like 
dexmedetomidine, are commonly used in pediatric patients to reduce the total amount of 
opioids required following surgical procedures, and to reduce the side effects of opioids 
such as respiratory depression. In infants undergoing primary CP repair acetaminophen 
is effective in reducing pain scores and overall opioid consumption [39], with intravenous 
acetaminophen providing the lowest pain scores and lowest opioid consumption compared 
to placebo and oral administration. Rectal acetaminophen historically has been used given 
its ease of administration. However, overall opioid consumption is not decreased when 
rectal acetaminophen is used; suggesting other routes of administration might be preferred 
[40]. Alpha-2 agonists, such as dexmedetomidine, and ketamine given intraoperatively can 
also decrease postoperative pain [41].

5. Postoperative care

Postoperatively, there is not a concern for respiratory compromise with CL repair. CP repair 
differs as obstruction is possible following extubation. The surgical repair itself reduces the 
size of the airway and excessive sedation from anesthesia and opioids can cause the tongue 
to lose muscle tone causing obstruction. If the Digman retractor is up for long periods of time, 
the tongue itself can have some swelling. Obstruction is problematic as blind placement of an 
oral airway can result in disruption of the fresh surgical repair. Therefore, a plan should be for-
mulated intraoperatively to avoid obstruction in the postoperative period. Dexamethasone is 
frequently given early during the surgical repair to reduce any swelling. A tongue stich or nasal 
trumpets can also be placed by the surgeon following CP repair to relieve obstruction should it 
result. These techniques are not uniformly used by cleft teams in the United States [42] and there 
is no increase in reintubation rates when tongue stitch is avoided [43], but it is our practice to 
place a tongue stitch on all our CP patients. The tongue stitch remains in place while the patient 
is in the PACU, but is removed before transfer to a medical floor for monitoring overnight.

During the postoperative stage, the main care is based on continuous monitoring the supple-
mentary oxygen depending on the needs of the patient. The bleeding assessment is the proper 
management of pain and the start of oral intake of clear liquids before allowing the patient 
to be discharged. It is important to establish which patients are candidates for ambulatory 
management, which ones have a higher risk to present adverse events like bronchospasm, 
laryngospasm, desaturation and respiratory difficulty. High risk patients with palate repair 
could end up having to stay in the hospital or intensive care unit longer than expected and 
this should be a consideration [28]. It’s recommended that the stay at the PACU is 1 hour at 
least [26]. In the Instituto Nacional de Pediatría in Mexico City, the management of pain after 
surgery is based on paracetamol at 15 mg/kg or an AINE like ketorolac at 1 mg/kg, and other 
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options such as a combination of both, or paracetamol with an opioid such as tramadol, or 
AINE with an opioid. During the surgical outreach trips for clefts, at the surgical setting, there 
should always be a postanesthetic care unit well equipped to monitor and observe the pediat-
ric patients. The availability of an intensive care unit and a pediatric ventilator should be part 
of the criteria for any site where one of these trips will take place.

Following the primary repair of CL and CP, children with CP with or without CL have mul-
tiple future treatments and potential additional surgical interventions (Figure 2).

After multiple surgical procedures, children can be anxious about future procedures. Any 
past stressful procedure may create lasting difficulty for the future perioperative period. The 
anesthesiologist should assess for anxiety and create a plan that eases the fears of the patient. 
In addition, anesthesiologists should be aware of past procedures and what was done. This is 
especially important following a pharyngoplasty. Nasal intubation following pharyngoplasty 
can tear or disrupt the past surgical repair. All attempts at nasal intubation should be avoided 
if possible.

6. The international team of cleft lip and palate

Internationally, there is a need for surgical teams to help aid in surgical repairs of CL and 
CP. A full discussion of the techniques of establishing sites for these surgical services is 
beyond the scope of this chapter. However, it is important for the anesthesiologists to recog-
nize differences occur when surgical teams go to other countries. When resources are limited, 
the choices one makes may differ from the choices made in one’s home country. Similarly, 
a different environment may affect outcomes [45]. Before proceeding with any medical pro-
cedures, it is helpful to understand local culture and medical practices. For example, in the 
United States it is very common that patients receive opioid medications for recovery on the 
hospital medical floor following surgery. In some countries, the infrastructure and the com-
fort with postoperative narcotics is not present. Thus, an adapted anesthetic plan should be 

Figure 2. Edited from Lewis CW, Jacob LS, Lehmann CU, AAP SECTION ON ORAL HEALTH. The primary care 
pediatrician and the care of children with cleft lip and/or cleft palate [44].
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management of pain and the start of oral intake of clear liquids before allowing the patient 
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options such as a combination of both, or paracetamol with an opioid such as tramadol, or 
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ric patients. The availability of an intensive care unit and a pediatric ventilator should be part 
of the criteria for any site where one of these trips will take place.

Following the primary repair of CL and CP, children with CP with or without CL have mul-
tiple future treatments and potential additional surgical interventions (Figure 2).

After multiple surgical procedures, children can be anxious about future procedures. Any 
past stressful procedure may create lasting difficulty for the future perioperative period. The 
anesthesiologist should assess for anxiety and create a plan that eases the fears of the patient. 
In addition, anesthesiologists should be aware of past procedures and what was done. This is 
especially important following a pharyngoplasty. Nasal intubation following pharyngoplasty 
can tear or disrupt the past surgical repair. All attempts at nasal intubation should be avoided 
if possible.
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Internationally, there is a need for surgical teams to help aid in surgical repairs of CL and 
CP. A full discussion of the techniques of establishing sites for these surgical services is 
beyond the scope of this chapter. However, it is important for the anesthesiologists to recog-
nize differences occur when surgical teams go to other countries. When resources are limited, 
the choices one makes may differ from the choices made in one’s home country. Similarly, 
a different environment may affect outcomes [45]. Before proceeding with any medical pro-
cedures, it is helpful to understand local culture and medical practices. For example, in the 
United States it is very common that patients receive opioid medications for recovery on the 
hospital medical floor following surgery. In some countries, the infrastructure and the com-
fort with postoperative narcotics is not present. Thus, an adapted anesthetic plan should be 
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implemented to ensure that the ultimate goal of adequate pain relief is met with non-narcotic 
medications. In these countries reliance in nerve blocks and other non-opioid pain medication 
becomes valuable (Table 1).

The most important idea when surgically treating patients in other countries is to remember to 
“first do no harm.” The pre-operative evaluation becomes vital to ensuring safety in these kids. 
It is unlikely that an extensive cardiac evaluation may have been done. A murmur on exam or 
a history consistent with heart failure warrants further workup before proceeding to surgery. 
Similarly, a difficult airway should not be underestimated when in a resource limited location. If 
a potential difficult airway is identified, with known risk factors such as retrognathia, young age 
and a syndrome associated with a difficult airway, an assessment of resources is important. A 
plan should be made prior to proceeding in case extubation is not possible following the proce-
dure. Finally, a history and physical should thoroughly inquire about the possibility of a current 
or recent upper respiratory infection. If risk factors for perioperative respiratory complications 
from the upper respiratory infection are identified, surgical repairs should be postponed.

In general, once appropriate surgical patients are identified, anesthetic care is similar regard-
less of the location. The medications available and local customs for postoperative care will 
help shape the anesthetic designed and the plan for postoperative care.

All reconstructive and craniofacial surgeons that oversee cleft care should treat any patient 
abroad as if they are at their usual surgical facility at home; always following the quality 
guidelines for their best performance and safety for the patients. There are different protocols 
for cleft care all over the world, but the visiting surgeon should adapt to the local multidis-
ciplinary team in charge and ensure that there will be the proper follow up for the patients. 
A complete documentation should be the rule for the entire team working in the operating 
room. This will simplify preoperative assessment in the future and enable the team to prop-
erly evaluate current and future issues that could lead to any adverse outcome and will help 

Syndromes associate with CL and CP Common features

Pierre Robin Sequence Micrognathia, glossoptosis

Treacher Collins syndrome Micrognathia, ear defects, congenital heart disease

Goldenhar’s syndrome Unilateral mandibular hypoplasia, unilateral ear deformity

Down syndrome Macroglossia, atlantoaxial instability, congenital heart disease

Fetal alcohol syndrome Congenital heart disease, developmental delay

22q deletion syndrome Congenital heart disease, hypocalcemia, thymic hypoplasia

Klippel-Feil syndrome Fusion of the cervical spine, renal disorders

Stickler syndrome Connective tissue disorder, glaucoma and cataracts, hearing loss, joint 
hypermobility

Table 1. Shows some syndromes associated with CL and/ or CP and common characteristics.
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improve the quality of care provided. All facilities should meet the basic standards to care 
for all patients, if these standards are not met by the facility, the visiting team is required to 
bring with them the supplies and equipment necessary to meet these basic standards such as:

1. Electrical power that is dependable and continuous.

2. Working modern anesthesia machines.

3. Dependable oxygen supply.

4. Full-functioning monitoring for each patient in the operating rooms.

5. Working suction should be present at each operating room table and in the recovery area.

6. Basic laboratory and radiology services should be immediately available.

7. Blood banking.

Every team should include a surgeon who is familiar with the planned procedures, prefer-
ably a board certified surgeon, a board certified anesthesiologist experienced in the care for 
children undergoing same or similar procedures, who should be supervising no more than 
two procedures at any given time, certified nurse anesthetists with experience in the care of 
children undergoing the same or similar procedures, a board certified pediatrician, operating 
room, recovery area and ward nurses experienced in the care of children.

The visiting team should always bring the airway equipment including appropriate laryn-
goscopes and blades, laryngeal mask airways, self-inflating bag-valve-mask in all care areas, 
emergency cricothyroidotomy kit and fiber-optic bronchoscope. Emergency medications, 
emergency vascular access kits, defibrillator, portable pulse oximetry, Stat laboratory and 
portable oxygen supply must be included among the supplies and equipment needed during 
cleft surgical outreach trip [46].

7. Conclusions

Anesthesia in cleft patients should be performed in a setting with the proper equipment, medi-
cations and supplies to provide the safest procedure by experienced anesthesiologists since 
these patients have high risk for respiratory complications such as difficult intubation, laryn-
gospasm, bronchospasm, or if they have had an upper respiratory infection within the month 
preceding the surgery, then they may suffer complications like pneumonia or bronchopneu-
monia. If any other complication may arise from the surgical or anesthetic procedure, the anes-
thesiologist should be able to diagnose it and manage it and the patient should be transferred 
to a post anesthetic care unit or intensive care unit, depending on the severity of the complica-
tion. Favorable outcomes are directly related to carefully selecting the patient that will undergo 
cleft surgery, anesthesiologists properly trained to manage this kind of cases and having all the 
human and material resources to provide the best care during and after the surgical procedure.
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Abstract

The apparent easiness with which liposuction is performed favors that patients, young 
surgeons, and anesthesiologists without experience in this field ignore the many events 
that occur during this procedure. Liposuction is a procedure to improve the body con-
tour and not a surgery to reduce weight, although recently people who have failed in 
their plans to lose weight look at liposuction as a means to contour their body figure. 
Tumescent liposuction of large volumes requires a meticulous selection of each patient; 
their preoperative evaluation and perioperative management are essential to obtain the 
expected results. The various techniques of general anesthesia are the most recommended 
and should be monitored in the usual way, as well as monitoring the total doses of infil-
trated local anesthetics to avoid systemic toxicity. The management of intravenous fluids is 
controversial, but the current trend is the restricted use of hydrosaline solutions. The most 
feared complications are deep vein thrombosis, pulmonary thromboembolism, fat embo-
lism, lung edema, hypothermia, infections and even death. The adherence to the manage-
ment guidelines and prophylaxis of venous thrombosis/thromboembolism is mandatory.

Keywords: tumescent liposuction, large volume, anesthesia

1. Introduction

Tumescent liposuction is a cosmetic surgical procedure that consists of a suction-assisted 
lipoplasty that removes unwanted fat deposited under the skin. Liposuction has its begin-
nings in 1921, with the Parisian surgeon Charles Dujarrier who was interested in body shap-
ing and fat removal. In 1970s, the technique evolved with various doctors such as Shrudde, 
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Kesserling and Meyer, the Fischers, and many more. The technique was again modified in 
1977 by the French surgeon, Yves Gerard Illouz, who added hyaluronidase and saline solu-
tion to try to emulsify the fat and facilitate its aspiration, later called the wet technique [1–3]. 
It was not until the mid-1980s that the American dermatologist, Klein, described the tumes-
cent technique, in which considerable amounts of sodium chloride solution, local anesthetic, 
epinephrine, and bicarbonate were infiltrated in the fatty tissue to expand and increase its 
turgor in order to create a level to facilitate the suction and reduce blood losses [4]. During 
tumescent liposuction a variable amount of crystalloid solution is infused, including dis-
solved epinephrine to thicken the subcutaneous fat layer in order to remove the highest pos-
sible amount of fat, thus decreasing blood loss to amounts as low as 1% of all the aspirated 
volume. Lidocaine can be added to the solution to produce local anesthesia during and after 
the procedure.

Although liposuction appears to be easy and harmless, it is not a trivial procedure because it 
can potentially involve serious complications like deep vein thrombosis (DVT), pulmonary 
embolism (PE), pulmonary edema, fat embolism, hypothermia, and even death [3, 5]. A pain-
ful recovery is also possible. Large-volume liposuction needs special care to avoid hypother-
mia, keep an appropriate fluid balance and DVT/PE prophylaxis.

This chapter focuses on large-volume liposuction done under general anesthesia, the most 
important technical aspects and literature data regarding risks, complications, and anesthe-
siological considerations.

2. Types of liposuction

According to the infiltration techniques for liposuction, this procedure can be classified into 
four categories [6]:

1. Dry technique: In which the aspiration cannula is inserted directly into the space from 
which the fat will be removed without any infiltration of the tissues. The estimated blood 
losses range from 20 to 45% of the aspirated volume.

2. Wet technique: In relation to the expected amount of aspirated volume, 200–300 ml of 
solution is injected in each area to be treated. Blood losses are calculated from 4 to 30% of 
the volume aspirated.

3. Super wet technique: The amount of infiltrated solution (calculated in 1 ml for each ml of 
the aspirated estimate) is equal to the amount of fat removed. Blood losses are calculated 
at 1% of the volume aspirated.

4. Tumescent method: A large amount of solution (estimated at 3–4 ml per ml expected to be 
aspirated) is injected into the fatty tissue, seeking to increase the space occupied by the fat, 
in addition to giving it a firm and turgid consistency (Figure 1). Blood losses are calculated 
at 1% of the aspirated volume.
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Liposuction can also be classified into two types according to the aspirated volume: large 
volume (>4 liters aspirated) and low volume (<4 liters aspirated). From here we must 
always keep in mind that the higher the volume aspirated, almost inevitably a greater 
amount of tumescent solution will have to be infiltrated in the dermoclysis. As this volume 
of infiltration increases, so does the risk of causing pulmonary edema, for which in these 
conditions the management of intravenous fluids must be very cautious, always tending 
to the restriction both in the transoperative period and in the first hours of postanesthetic 
recovery (Figure 2).

According to the surgical instruments used, liposuction is called power-assisted, laser-
assisted, or ultrasonic-assisted lipoplasty. Manual liposuction using different sizes of syringes 
is a technique that is still used for small areas.

Figure 1. Abdomen infiltrated with 6 liters of tumescent solution. Note the pale coloration of the skin secondary to the 
effect of injected adrenaline.

Figure 2. The left image shows little blood compared to the image on the right with a large amount of blood in the 
liposuction container.
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3. Tumescent solutions

Currently, the most used solution to generate the tumescence is the one described by Klein 
[4, 7], and a more reasonable variant—which we prefer to use but little is known—is the one 
proposed by Hunstad [8, 9], as seen in Table 1.

In the tumescent solution described by Klein, the local anesthetic was diluted in isotonic 
saline solution. However, when isotonic saline solution is used as a diluent, if the patient 
is not under anesthesia, a burn sensation will be reported as the solution is infiltrated. It is 
reasonably recommended that when using this solution, the acidic pH of the 0.9% saline solu-
tion should be neutralized with bicarbonate, which in addition reduces pain; by increasing 
the pH, it also increases the proportion of non-ionized lipid soluble lidocaine, which favors 
a faster entry into the nerve cell where lidocaine acts. When lactate Ringer’s solution is used, 
this burning sensation does not occur upon infiltration, and the sodium load is reduced. It 
should be noted that the dose of lidocaine and epinephrine should be regulated according to 
the maximum doses to be considered as safe.

Regarding the local anesthetics used, there are reports with articaine or prilocaine. Liposuction 
done with up to 38.2 mg/kg bodyweight of articaine HCl produced plasmatic concentrations 
as high as 1719–7292 ng/mL, without symptoms of systemic toxicity which could be explained 
by the rapid hydrolysis through the plasmatic esterases. These data show that articaine is safe 
for infiltration during liposuction [10]. The groups that have reported the use of prilocaine 
have not detected elevated levels of it in plasma or methemoglobinemia [11, 12], although 
Yildirim et al. described a patient with 40% methemoglobinemia that developed 8 h after 
liposuction was performed with almost 1000 mg of prilocaine [13]. In our surgical facility, the 
most used local anesthetic is lidocaine, and even though for other applications when used in 
association with epinephrine, the maximum limit is established at 7 mg/kg. In the specific case 
of the tumescent solution for liposuction, the safety range is 35–55 mg/kg [14, 15]. We prefer 
to stay at the lower limit of 35 mg/kg in order to be more cautious, given that since the surgi-
cal team does not keep accurate control of the injected lidocaine or takes into consideration 
possible drug interactions or special conditions of the patient. The concentrations of lidocaine 
vary according to the vascularity of the area in which the liposuction is to be performed. In 
more sensitive or vascularized areas such as the chest and abdomen, the concentration or 
amount of local anesthetic mass can be increased and decreased in less sensitive areas such 
as the thighs.

Klein solution Hunstad solution

1000 mL isotonic saline solution 1000 mL Ringer’s lactate solution

50 mL, 1% lidocaine 50 mL lidocaine 1%

1 mL (1: 1000 epinephrine) 1 mL (1: 1000 epinephrine)

12.5 mL (8.4% sodium bicarbonate)

Table 1. Tumescent solution.
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Lidocaine toxicity is in function if the peak plasma concentration is reached, which will 
depend on several factors such as the total amount of mg/kg, as well as its rate of absorption 
and elimination, so that the peak levels of lidocaine and its active metabolite (monoethylgly-
cinexylidide) occur in a period as variable as 8–32 h after infiltration has been done. For this 
reason alone, for patients who are treated with this procedure, it is not recommended to do 
it in an outpatient setting, because the maximum concentrations of lidocaine and its active 
metabolite will most often take the patient at home with little vigilance.

Lidocaine is eliminated from the body by diethylation in the liver by isoenzyme groups 1A2 
and 3A4 of cytochrome p450. Thus, all drugs that inhibit isoenzyme 3A4 and cytochrome P450 
can affect the metabolism of lidocaine. For this reason, lidocaine doses should be reduced in 
patients who use medications that interfere with the cytochrome P450 system or that affect 
the hepatic blood flow. The factors that can modify the systemic absorption of lidocaine need 
to be considered. Obviously, the reached concentration of the drug, the degree of vascularity 
of the infiltrated tissue, the concomitant use of vasoconstrictor drugs, and the infiltration rate 
[3] are very important.

The adequate use of epinephrine in the tumescent solution theoretically allows blood loss to 
be 1–2% of the total volume aspirated. The maximum recommended total dose of epinephrine 
is 0.07 mg/kg. Vasoconstrictors are used to reduce blood circulation in the tissues, which helps 
to slow the absorption of local anesthetics. Adrenaline is the most commonly used vasocon-
strictor; the recommended concentration for the tumescent solution ranges from 0.25 to 1 mg/
Lt, depending on the tissue vascularity in question. In more vascularized tissues, the recom-
mended concentration is 1 mg/L to be decreased to 0.5 mg/L in body areas with less vascular-
ization (Figure 3). If it is anticipated that this maximum dose will be exceeded, the procedure 

Figure 3. Infiltrated back. Note the changes in skin circulation due to the tumescent solution, with a marked delay in 
capillary refill.

Anesthesia Management for Large-Volume Liposuction
http://dx.doi.org/10.5772/intechopen.83630

75



3. Tumescent solutions

Currently, the most used solution to generate the tumescence is the one described by Klein 
[4, 7], and a more reasonable variant—which we prefer to use but little is known—is the one 
proposed by Hunstad [8, 9], as seen in Table 1.

In the tumescent solution described by Klein, the local anesthetic was diluted in isotonic 
saline solution. However, when isotonic saline solution is used as a diluent, if the patient 
is not under anesthesia, a burn sensation will be reported as the solution is infiltrated. It is 
reasonably recommended that when using this solution, the acidic pH of the 0.9% saline solu-
tion should be neutralized with bicarbonate, which in addition reduces pain; by increasing 
the pH, it also increases the proportion of non-ionized lipid soluble lidocaine, which favors 
a faster entry into the nerve cell where lidocaine acts. When lactate Ringer’s solution is used, 
this burning sensation does not occur upon infiltration, and the sodium load is reduced. It 
should be noted that the dose of lidocaine and epinephrine should be regulated according to 
the maximum doses to be considered as safe.

Regarding the local anesthetics used, there are reports with articaine or prilocaine. Liposuction 
done with up to 38.2 mg/kg bodyweight of articaine HCl produced plasmatic concentrations 
as high as 1719–7292 ng/mL, without symptoms of systemic toxicity which could be explained 
by the rapid hydrolysis through the plasmatic esterases. These data show that articaine is safe 
for infiltration during liposuction [10]. The groups that have reported the use of prilocaine 
have not detected elevated levels of it in plasma or methemoglobinemia [11, 12], although 
Yildirim et al. described a patient with 40% methemoglobinemia that developed 8 h after 
liposuction was performed with almost 1000 mg of prilocaine [13]. In our surgical facility, the 
most used local anesthetic is lidocaine, and even though for other applications when used in 
association with epinephrine, the maximum limit is established at 7 mg/kg. In the specific case 
of the tumescent solution for liposuction, the safety range is 35–55 mg/kg [14, 15]. We prefer 
to stay at the lower limit of 35 mg/kg in order to be more cautious, given that since the surgi-
cal team does not keep accurate control of the injected lidocaine or takes into consideration 
possible drug interactions or special conditions of the patient. The concentrations of lidocaine 
vary according to the vascularity of the area in which the liposuction is to be performed. In 
more sensitive or vascularized areas such as the chest and abdomen, the concentration or 
amount of local anesthetic mass can be increased and decreased in less sensitive areas such 
as the thighs.

Klein solution Hunstad solution

1000 mL isotonic saline solution 1000 mL Ringer’s lactate solution

50 mL, 1% lidocaine 50 mL lidocaine 1%

1 mL (1: 1000 epinephrine) 1 mL (1: 1000 epinephrine)

12.5 mL (8.4% sodium bicarbonate)

Table 1. Tumescent solution.

Anesthesia Topics for Plastic and Reconstructive Surgery74

Lidocaine toxicity is in function if the peak plasma concentration is reached, which will 
depend on several factors such as the total amount of mg/kg, as well as its rate of absorption 
and elimination, so that the peak levels of lidocaine and its active metabolite (monoethylgly-
cinexylidide) occur in a period as variable as 8–32 h after infiltration has been done. For this 
reason alone, for patients who are treated with this procedure, it is not recommended to do 
it in an outpatient setting, because the maximum concentrations of lidocaine and its active 
metabolite will most often take the patient at home with little vigilance.

Lidocaine is eliminated from the body by diethylation in the liver by isoenzyme groups 1A2 
and 3A4 of cytochrome p450. Thus, all drugs that inhibit isoenzyme 3A4 and cytochrome P450 
can affect the metabolism of lidocaine. For this reason, lidocaine doses should be reduced in 
patients who use medications that interfere with the cytochrome P450 system or that affect 
the hepatic blood flow. The factors that can modify the systemic absorption of lidocaine need 
to be considered. Obviously, the reached concentration of the drug, the degree of vascularity 
of the infiltrated tissue, the concomitant use of vasoconstrictor drugs, and the infiltration rate 
[3] are very important.

The adequate use of epinephrine in the tumescent solution theoretically allows blood loss to 
be 1–2% of the total volume aspirated. The maximum recommended total dose of epinephrine 
is 0.07 mg/kg. Vasoconstrictors are used to reduce blood circulation in the tissues, which helps 
to slow the absorption of local anesthetics. Adrenaline is the most commonly used vasocon-
strictor; the recommended concentration for the tumescent solution ranges from 0.25 to 1 mg/
Lt, depending on the tissue vascularity in question. In more vascularized tissues, the recom-
mended concentration is 1 mg/L to be decreased to 0.5 mg/L in body areas with less vascular-
ization (Figure 3). If it is anticipated that this maximum dose will be exceeded, the procedure 

Figure 3. Infiltrated back. Note the changes in skin circulation due to the tumescent solution, with a marked delay in 
capillary refill.

Anesthesia Management for Large-Volume Liposuction
http://dx.doi.org/10.5772/intechopen.83630

75



should be done replacing the adrenaline with other options such as 1-ornithine-8-vasopressin 
in concentrations of 0.01 IU/ml, with the disadvantage of having to use it in unheated solution 
with the consequent hypothermia of the patient.

4. Preoperative evaluation

Although it is well established that liposuction is not a treatment for obesity, more often 
than desired, the obese patient is programed for this type of procedure, and there are usu-
ally other associated comorbidities such as high blood pressure, diabetes mellitus, metabolic 
syndrome, ischemic heart disease, DVT, and obstructive sleep apnea. If despite recognizing 
that liposuction is not a reasonable treatment for obesity, if in any case it is decided to do 
this procedure, the minimum required is that, in the case of hypertension and diabetes, 
these conditions should be well controlled (it is advisable to postpone patients who have 
recently changed medications or doses in order to avoid unpleasant outcomes). If the risk of 
DVT, consider pharmacological thromboprophylaxis apart from mechanical prophylactic 
measures.

It is common that this type of patients is using recognized or unrecognized (natural remedies) 
medications and “herbal aids” to lose weight. This type of drugs ranges from amphetamines, 
thyroid hormones and ephedrine and a fairly large list of herbs and teas that if we take the 
care to inquire about it (identify them and look for their pharmacological effects), we will 
find that at least they alter the coagulation system or facilitate the interactions with epineph-
rine (see Chapter 1). Therefore, the patient should be instructed to suspend all this type of 
medications and naturopathic remedies at least 2 weeks before surgery. Needless to say, it is 
a contraindicated procedure in cocaine addicts.

With regard to laboratory tests, in our work center, it seems that it is exaggerated, but the 
type of patients and the procedures that are carried out have led us to request complete blood 
chemistry, basic metabolic panel, quantification of glycosylated hemoglobin (if the patient is 
diabetic), thyroid profile, coagulation times, liver function tests, pregnancy detection, sero-
logical detection of hepatitis A, B, and C, as well as detection of antibodies against HIV. If the 
patient presents some suspicious data, antidoping is added. All patients, regardless of their 
age, undergo ECG [6].

5. Preanesthetic medication

The preanesthetic medication in this group of patients is an important part of the preoperative 
management and should include not only sedative and hypnotic drugs but also an effective 
scheme that prevents the possibility of emesis and postoperative pain with neuropathic char-
acteristics, which is secondary to multiple nervous fiber trauma of medium and small caliber. 
A typical preanesthetic scheme is lorazepam, dexamethasone, ondansetron, gabapentin, or 
pregabalin. A nonsteroidal anti-inflammatory analgesic can be added.
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6. Anesthesia management

While liposuction of large volumes can be done with any anesthesia technique, we strongly 
recommend the use of general anesthesia. The anesthetic induction is done in the usual 
way, being propofol the most used drug. For muscular relaxation for endotracheal intuba-
tion, a non-depolarizing drug with rapid action such as rocuronium or atracurium, although 
vecuronium is probably the most used muscle relaxants due to its safety and low cost. For the 
maintenance of anesthesia, desflurane, sevoflurane or isoflurane alone or in combination with 
opioids can be used. Ketofol have been recommended by several authors. Muscle relaxation 
is optional during the surgery.

In our experience, which is worth taking into consideration, since in the last 8 years, we have 
accumulated an average of 200 large-volume liposuctions per year (with the peculiarity that 
it is the same surgeon and the same anesthesiologist). We usually premedicate patients with 
ranitidine, metoclopramide, ondansetron, and the prophylactic antibiotic of the surgeon’s 
choice. Induction is with fentanyl 3–4 mμ/kg and vecuronium to facilitate orotracheal intuba-
tion (usually 4–6 mg) and propofol 2 mg/kg. We continue with inhalatory anesthesia with 
low flows, in general terms only use oxygen 350 to maximum 400 mL/minute, and desflurane 
given its faster response to modify the desired CAM. As approximately 60–70% of the time, 
the procedure will be done with the patient facing down, more when it includes lipoinjection 
in the buttocks. The patient is intubated orotracheally with a spiral reinforced cuffed tracheal 
tube (like Sheridan Spiral-Flex®) properly fixed. We never relied on a laryngeal mask; no 
matter the discussion, it will never approach the security provided by an endotracheal tube. 
Due to the situation of changes in the patient’s position, experience is necessary in turning the 
patient from supine to the ventral position and ventral to the supine, protecting the cervical 
spine and ensuring that the endotracheal tube does not move. It is necessary to have protec-
tion devices for pressure points, which allows us to keep the patient upside down, taking care 
of pressure points on the nose and eyes fundamentally (Figure 4) [16].

The patient scheduled for liposuction at least qualifies as a moderate thromboembolic risk, 
so all of them must have compression stockings and intermittent pneumatic compression 
systems installed, both during surgery and during all the time that they remain in the clinic 
or at least until they start ambulation. In special cases of higher risk, pharmacological throm-
boprophylaxis with low-molecular-weight heparin is necessary.

As for the monitoring equipment, beyond the required pulse oximetry, ECG with automated 
analysis of the ST segment, noninvasive blood pressure measurement every 5 minutes, cap-
nography, and analysis of inhaled and exhaled gases, if available. As for temperature moni-
toring is useful to keep the record in two channels, central and peripheral temperature, since 
the isolated reading of the peripheral is of little use, it is more advisable to have both readings 
and be aware of the gap between the two. Although we have neuromuscular relaxation moni-
tor, given the type of surgery, the low doses of the neuromuscular blocking agents injected 
for the tracheal intubation and its pharmacokinetic profile, at the end of the surgery, have 
no residual effects. BIS or entropy monitor can be very useful, given that the hemodynamic 
variations of the patients are not rare as a result of the adrenergic stimuli due to the infiltrated 
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Figure 5. Hyperemia is seen in the areas of the face where the device for protecting the nose and eyes rested, as well as 
adequate eye occlusion.

epinephrine and that they do not necessarily have to do with the need of changing the anes-
thetic depth (Figure 5).

One of the reasons to use general anesthesia is because through endotracheal intubation and 
mechanical ventilation, it is easy to control the respiratory function more efficiently. In this sense, 
spirometry has great importance. If you do not use spirometry with these types of procedures, 
you could say that you ventilate blindly, considering the almost obliged obesity of many of 

Figure 4. Proper mechanical thromboprophylaxis by compression stockings and intermittent pneumatic compression 
system in lower limbs.
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these patients, in which their thoracic dynamics differ with just the change to ventral position. 
Normally, we ventilate the patients with volume-controlled mode, calculating their tidal volume 
between 6 and 7 mL/kg, and always keep a sequential record of the peak pressure reached with 
these volumes. In many patients, with only the change to ventral position, the peak pressure 
increases between 2 and 4 cm H2O, values that increase even more when the tumescence is com-
pleted either from the back or the abdomen. The vast majority of patients tolerate it adequately, 
but between 5 and 10% present a peak pressure increase that forces us to consider that all the 
extra effort that the ventilator is generating is what helps meet those required volumes. A patient 
with upper spinal block, in ventral position, sedated and with a nasal cannula, definitely cannot 
meet the required ventilatory work. Sometimes it is better to change to a pressure-controlled 
mode, usually lowering to maximum pressures of 18–20 cm H2O, but always observing the expi-
ratory volume, so that it is sufficient to maintain an adequate reading of CO2ET, maintaining 
adequate alveolar ventilation without the significant increase in airway pressure that can be 
generated in volume-controlled mode (Figures 6 and 7).

As mentioned before, it is mandatory to supervise the cumulative dose of lidocaine to avoid 
systemic toxicity; it must be taken in mind that although it is being used within the lim-
its recommended as safe, it must be considered that its enzymatic metabolism depends on 
cytochrome P450, which is also responsible for the metabolism of other drugs. This could 
cause the 3A4 subfamily of cytochrome P450 to be saturated and alter the metabolism of 
lidocaine. Midazolam competes in its metabolism in this subgroup, which could decrease the 
elimination of lidocaine, and with its effects, midazolam may mask the toxicity symptoms 
of lidocaine up until the onset of cardiovascular collapse. Other drugs that inhibit the 3A4 
subfamily of cytochrome P450 are listed in Table 2 [17, 18]. As it is observed, the list is quite 
extensive, making it difficult to have in mind all these possible interactions, the reason why 
we recommend the online use of the system of detection of interactions and undesirable side 
effects “epocartes.”

Figure 6. Observe the adequate anesthetic depth (entropy readings) despite the rise in blood pressure secondary to 
epinephrine infiltration.
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Propofol Methylprednisolone Amiodarone

Flunitrazepam Dexamethasone Verapamil

Diazepam Itraconozole Atenolol

Triazolam Ketoconazole Labetalol

Paroxetine Miconazole Pindolol

Carbamazepine Fluconazole Propranolol

Fluoxetine Isoniazid Metoprolol

Sertraline Clarithromycin Diltiazem

Nefazodone Chloramphenicol Nicardipine

Terfenadine Erythromycin Timolol

Methadone Tetracycline Nadolol

Danazol Cimetidine Nifedipine

Thyroxine Quinidine Pentoxifylline

Table 2. Drugs that inhibit the 3A4 subfamily of cytochrome P450.

Figure 7. Increase of blood pressure during the infiltration of the solution for tumescence in a hypertensive patient. In 
the upper part of the figure in yellow, we can see the current loop of spirometry, produced by the decrease in thoracic 
compliance, compared with the reference white loop before infiltration.
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7. Management of perioperative intravenous fluids

For safety reasons, tumescent liposuction of large volumes is a surgery in which patients must 
stay at least 1 night hospitalized in an environment that guarantees their monitoring and 
safety. Often, there are patients who want extensive liposuction that can be as much as 30% 
of their total body surface, the remaining 70% will stay on the infiltrated tissues, and from 
there it will be reabsorbed, with the potential for fluid overload. Although the perioperative 
management of liquids during liposuction remains an unresolved controversy, especially in 
liposuction of large volumes, the current trend is to decrease the administration of liquids and 
sodium to avoid fluid overload, pulmonary edema, and congestive heart failure.

A recent study was done in China by Wang et al. [19], who retrospectively reviewed 83 medical 
records of patients who underwent extensive liposuction under intravenous monitored sedation 
with propofol 1–2 mg/kg/h and remifentanil 1–7 μg/kg/h. The intraoperative fluid ratio was 1.66 
for extensive liposuction. These authors did not find cases of pulmonary edema, congestive heart 
failure, or other important complications. The average diuresis in the operating room, the recov-
ery room, and in the surgical floors was 1.35, 2.3, and 1.4 mL/kg/h, respectively. The administra-
tion of intravenous fluids during liposuction decreased approximately 300–500 mL. The total 
volume of intravenous injection was also reduced to less than 1500 mL when the patient was in 
the recovery room and on the floor of the hospital. The Colombian Consensus recommends to 
consider the effect of dermoclysis of the tumescent solutions that are injected to the patients [20].

The liposuction removes approximately 30% of the infused tumescent solution, so for each 
liter of infiltrated tumescent solution, 700 mL are absorbed, so they should be considered as 
part of the fluids administered to the patient.

Another piece of information that can be used as a guide is to administer intravenous crystal-
loid solutions from 0.1 to 0.25 mL per mL of aspirate [21, 22].

8. Risks and complications

Liposuction risks and complications are undervalued and underreported. When analyzing 
the medical literature related to the subject, it is always necessary to take into consideration 
the context from which the experiences are taken, since it is very different to perform lipo-
suction of low volumes than liposuction of high volumes. In this way, there are interesting 
publications [23] but refer to cosmetic surgery performed in the office, for which the following 
possible contraindications are mentioned:

• Liposuction >5 liters

• Tumescent solution >5 liters

• Liposuction of large volumes with a second procedure

• Multiple procedures including abdominoplasty

• Anticipated blood loss >500 mL in adults

• Duration of surgery >6 h
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Risks associated with tumescent infiltration and liposuction include DVT/PE, fatty embolism, 
anemia, perforation of the abdominal wall, pleural perforation, infection, fluid overload, pul-
monary edema, hypothermia, and toxicity by local anesthetics and epinephrine. It is quite 
important to consider the necessary care during changes in position (ventral decubitus to 
prone decubitus) to minimize hemodynamic changes when patients are turned around and 
protect certain areas to avoid pressure injuries, corneal injuries, neural damage, and even 
blindness after anesthesia surgery. A recent report [24] mentioned the five more frequent seri-
ous complications of liposuction: thromboembolic disease, fat embolism, pulmonary edema, 
lidocaine intoxication, and intraabdominal visceral lesion. These events are easily preventable 
by simple measurements and safety protocols. The literature is full of reports of complicated 
patients during or after liposuction, and it is enough to mention some of these complications 
to encourage specialized care and stay within the recommended guidelines.

8.1. Deep vein thrombosis and embolism

Abdominoplasty is the plastic surgery procedure with the highest incidence of death secondary 
to PE. In addition, it must be considered that if the abdominoplasty is associated with liposuc-
tion of large volumes, the risk of PE increases. It is estimated that the rate of thromboembolism 
if these procedures are combined increases 6.6 times. The rate of nonlethal PE was 8.8% in 
patients who had an abdominoplasty with wide resection, combined with liposuction with 
surgical times of more than 140 minutes [25]. The causes that increase the risk of PE are the 
mechanical factors that favor blood stagnation in the lower extremities, such as the surgical 
position, abdominal compression, and the use of bandages and garments in the postoperative 
period [26]. In a survey conducted by the American Society of Plastic and Esthetic Surgery, a 
mortality of 1 for 47,415 liposuctions was reported, 1 for 7314 if liposuction was combined with 
other procedures, and 1 for 3281 when liposuction had been combined with abdominoplasty; 
this is 14 times greater than with liposuction alone [27]. Ibarra et al. [20] contributed to the elabo-
ration of the Consensus of the Colombian Society of Anesthesiology and Resuscitation (SCARE) 
and of the Colombian Society of Plastic Surgery on the recommendations for the management 
of low-risk elective patients. Within this consensus, the following measures are mentioned: pre-
vention of DVT, comfortable position (legs in partial flexion of knees and extremities), intermit-
tent pneumatic compression during surgery and until discharge. Elastic compression stockings 
from the preoperative period until ambulation are mandatory (Figure 8).

Consider the use of low-molecular-weight heparin every 12 h until ambulation is normal. 
The following should be considered for patients with increased risk of DVT: patients with a 
history of previous episode of DVT, patients undergoing procedures lasting more than 5 h, 
patients with liposuction of large volumes (>5 liters), patients who undergo combined pro-
cedures that include abdominoplasty, patients who arrive in cities of high altitude (>2000 m 
asl) 2 or less days before surgery, patients traveling in the immediate preoperative or aspire 
to travel with a duration of 4 h or more within the first week of the postoperative period, and 
the patients who undergo gluteal lipoinjections.

Morales and his group studied the prophylactic effect of rivaroxaban and apixaban in patients 
undergoing liposuction of large volumes and other body contouring procedures, finding 
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that their thromboprophylactic effects and side effects are similar to each other and to low- 
molecular-weight heparin [28].

8.2. Anemia

Anemia is a frequent postoperative complication in patients undergoing liposuction, espe-
cially in liposuction of large volumes. The use of vasopressors in the tumescent solutions that 
are injected into the fatty tissue at the beginning of this procedure decreases bleeding due 

Figure 8. Comparison of spirometry loops, the basal with a peak pressure of the airway of 15 cm of water, and the second 
obtained once the patient’s back has been infiltrated, rising to 22 cm of water.
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to vasoconstriction, although there are some areas such as the torso and neck where bleed-
ing is usually more abundant. Cansancao et al. [29] administered 10 mg/kg of intravenous 
tranexamic acid preoperative and postoperative vs. placebo in patients undergoing liposuc-
tion. The volume of blood loss for every liter of lipoaspirate was 56.2% less in the tranexamic 
group compared with the control group (p < 0.001). Hematocrit levels at day 7 postoperatively 
were 48% less in group 1 compared with group 2 (p = 0.001). Furthermore, a 1% drop in the 
hematocrit level was found after liposuction of 812 ± 432 ml in group 1 and 379 ± 204 ml 
in group 2. The authors concluded that tranexamic acid could allow for aspiration of 114% 
more fat, with comparable variation in hematocrit levels. Although erythropoietin has been 
used to improve anemia after liposuction and decrease the frequency of hemotransfusions, its 
usefulness has not been demonstrated [30]. It is advisable to check the hematocrit value before 
discharging the patient; in our patients, the hemoglobin values obtained by co-oximetry have 
a good correlation with the values obtained by the laboratory.

8.3. Drug interactions

Take care of possible drug interactions including natural products and anabolic steroids. 
Clarify in informed consent the high risk of interaction of substances such as cocaine, amphet-
amines, ecstasy, and other recreational drugs, with anesthetic and vasoactive medications. In 
suspected cases, antidoping and toxicology tests can be done [20].

Liposuction of large volumes is associated with important hemodynamic alterations: an 
increase in the cardiac index, heart rate, mean arterial pressure of the pulmonary, ejection vol-
ume index, and right ventricular work index are observed as well as a decrease in mean arterial 
pressure. Epinephrine, which is usually used at considerable doses during liposuction, may be 
responsible for tachycardia and increased cardiac index. The decrease in mean arterial pressure 
and systemic vascular resistance is probably due to the effects of general anesthesia and opioids 
in the transoperative period, but also the reduction of peripheral vascular resistance may be 
due to the dominant action of the epinephrine on the beta2 receptors of skeletal muscle vessels, 
where an increase in blood flow is observed.

8.4. Hypothermia

There is an increased risk of hypothermia in patients of large volume liposuction since there 
are large areas of body surface exposed to temperature loss. If the anesthesiologist does 
not insist, the nursing staff tends not to adequately heat the dermoclysis solutions, or if the 
surgeon has no experience or does not care about hypothermia, he/she can make the pro-
cedure excessively long, without considering that regardless of the type of anesthesia, this 
will always help to facilitate hypothermia. It is necessary to maintain the temperature of the 
operating room, even in hot climates in no less than 25°C or 77°F, even if it goes against the 
surgeon’s comfort and other operating room staff. We must bear in mind the complications 
that hypothermia can cause, such as cardiac dysrhythmias, coagulopathies, oliguria, and elec-
trolyte imbalance and an important increase in the consumption of oxygen during the chill 
phase. Both the hemodynamic changes and the tendency to hypothermia persist at least in the 
first 24 h of the postoperative [31].
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8.5. Fat embolism

Fat embolism and fat embolism syndrome are another serious complication whose incidence 
is not known, but apparently has increased [32]. Fat embolisms are fat drops that enter the 
circulatory system, typically after trauma, that may or may not lead to the development of fat 
embolism syndrome, a rare and ill-defined diagnosis that can cause multiorgan failure and 
death. Fat embolism syndrome is defined as the entry of fat into the blood circulation with a 
clinical pattern characterized by hypoxemia, respiratory failure, neurological deterioration, 
and petechiae that occur in the appropriate clinical context; it is a continuum of fat embolism 
[33–35]. A study in 30 Wistar rats showed that there was an increased risk of systemic fat 
embolism in the animals that underwent liposuction-lipoinjection compared to those who 
only underwent liposuction (3/10 vs. 6/10, respectively). Fat embolism was not detected in rats 
that were only anesthetized [36]. There is no specific treatment for fat embolism syndrome, 
therefore prevention is so important as well as prompt detection, and supportive therapy are 
critical. Most patients with fat embolism or fat embolism syndrome are undiagnosed or mis-
diagnosed, so their mortality is very high. Most of these cases are diagnosed at autopsy [34].

8.6. Miscellaneous complications

The literature is full of varied reports of complicated patients during or after liposuction, and it 
is enough to mention some of these complications to encourage specialized care and stay within 
the recommended guidelines. There is a wide spectrum on liposuction complications: pleural 
and lung injury, bilothorax, bowel herniation, hematoma, seroma, lymphedema, and abdomi-
nal wall injury with damage to intra-abdominal viscera such as the liver, biliary tract, intestinal, 
or bladder perforation necrotizing fasciitis, blindness, and coronary fat embolism [37–39].

The main risk factors for the development of complications are deficient standards of hygiene, 
infiltration of multiple liters of wetting solution, prompt postoperative discharge, and selec-
tion of unfit patients, lack of surgical anesthesia experience, and early identification of devel-
oping complications [40].

9. Postoperative analgesia and hyperbaric oxygen therapy

Postoperative analgesics are extraordinarily mandatory in the professional management 
and prevention of acute and chronic pain after liposuction. It is usually started from the 
beginning of the surgery with an infusion with 300 mg of ketorolac, 300 mg of tramadol in 
100 mL/2 mL/h, considered as basal analgesic scheme. It is also valid to resort if necessary to 
some rescue strategies, in which the analgesic and anti-inflammatory effect of hyperbaric oxy-
genation therapy can be considered. This therapy is routinely provided to all of our patients 
in the next 4 to 5 days after their procedure [41, 42].

The use of hyperbaric oxygenation therapy (Figure 9) has also reduced the need for phar-
macological thromboprophylaxis, since it has been shown that hyperbaric oxygen by the 
action of nitric oxide decreases the expression of intracellular adhesion molecules (ICAM-1),  
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first 24 h of the postoperative [31].
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8.5. Fat embolism

Fat embolism and fat embolism syndrome are another serious complication whose incidence 
is not known, but apparently has increased [32]. Fat embolisms are fat drops that enter the 
circulatory system, typically after trauma, that may or may not lead to the development of fat 
embolism syndrome, a rare and ill-defined diagnosis that can cause multiorgan failure and 
death. Fat embolism syndrome is defined as the entry of fat into the blood circulation with a 
clinical pattern characterized by hypoxemia, respiratory failure, neurological deterioration, 
and petechiae that occur in the appropriate clinical context; it is a continuum of fat embolism 
[33–35]. A study in 30 Wistar rats showed that there was an increased risk of systemic fat 
embolism in the animals that underwent liposuction-lipoinjection compared to those who 
only underwent liposuction (3/10 vs. 6/10, respectively). Fat embolism was not detected in rats 
that were only anesthetized [36]. There is no specific treatment for fat embolism syndrome, 
therefore prevention is so important as well as prompt detection, and supportive therapy are 
critical. Most patients with fat embolism or fat embolism syndrome are undiagnosed or mis-
diagnosed, so their mortality is very high. Most of these cases are diagnosed at autopsy [34].

8.6. Miscellaneous complications

The literature is full of varied reports of complicated patients during or after liposuction, and it 
is enough to mention some of these complications to encourage specialized care and stay within 
the recommended guidelines. There is a wide spectrum on liposuction complications: pleural 
and lung injury, bilothorax, bowel herniation, hematoma, seroma, lymphedema, and abdomi-
nal wall injury with damage to intra-abdominal viscera such as the liver, biliary tract, intestinal, 
or bladder perforation necrotizing fasciitis, blindness, and coronary fat embolism [37–39].

The main risk factors for the development of complications are deficient standards of hygiene, 
infiltration of multiple liters of wetting solution, prompt postoperative discharge, and selec-
tion of unfit patients, lack of surgical anesthesia experience, and early identification of devel-
oping complications [40].

9. Postoperative analgesia and hyperbaric oxygen therapy

Postoperative analgesics are extraordinarily mandatory in the professional management 
and prevention of acute and chronic pain after liposuction. It is usually started from the 
beginning of the surgery with an infusion with 300 mg of ketorolac, 300 mg of tramadol in 
100 mL/2 mL/h, considered as basal analgesic scheme. It is also valid to resort if necessary to 
some rescue strategies, in which the analgesic and anti-inflammatory effect of hyperbaric oxy-
genation therapy can be considered. This therapy is routinely provided to all of our patients 
in the next 4 to 5 days after their procedure [41, 42].

The use of hyperbaric oxygenation therapy (Figure 9) has also reduced the need for phar-
macological thromboprophylaxis, since it has been shown that hyperbaric oxygen by the 
action of nitric oxide decreases the expression of intracellular adhesion molecules (ICAM-1),  
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a factor that participates in favoring thrombus formation [43]. In addition, another of the already 
proven actions of hyperbaric oxygen that contribute to diminish the possibility of venous 
thrombosis formation is its capacity to favor the expression of fibrinolytic factors [44]. In this 
way in the last 8 years, with an average of 200 liposuctions performed per year, we have only 
resorted to the use of low-molecular-weight heparin in 2 patients, one of them had a history of 
deep vein thrombosis 3 years before liposuction, and the other patient was an exceptional case, 
since for traumatic reasons the patient was paraplegic for 5 years before her surgery.

10. Conclusion

Currently there are many controversies in the selection and better management of patients 
undergoing liposuction, especially in tumescent liposuction of large volumes. Meticulous 
selection of each patient is the basis of success, as well as a strategy of prophylaxis of cata-
strophic events such as thromboembolism, fat embolism, anemia, fluid overload, and infec-
tions, among others. Anesthesia is a determining factor and although various anesthesia 
techniques can be used, we propose general anesthesia as a safe procedure. Hyperbaric oxy-
genation is an unexploited resource that requires further study in this field.
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Abstract

In polytrauma patients, the primary goal is to administer early resuscitation and effective 
analgesia with medications or techniques, which minimally affect the patient’s physiol-
ogy. Adequate pain control will reduce posttraumatic stress disorder and facilitate in 
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with minimum adverse events. Patients with polytrauma who needs emergency reconstruc-
tive surgery are associated with neurovascular injury, which requires early assessment and 
management which is altered by administration of narcotic based analgesics due to sedation 
and delirium associated with opioid analgesics.

Patients with polytrauma associated with an average of two fractures, and 5% of patients with 
more severe injuries are associated with five or more fractures. Most of these patients are asso-
ciated with femoral fractures (16.5%) followed by tibia (12.6%) and clavicle (10.4%) fractures. 
The polytrauma patients who had fewer fractures are associated with severe traumatic brain 
injury (TBI) and lower Glasgow coma scale (GCS) and had increased in hospital mortality 
[1]. Since most of regional anesthesia (RA) procedures involve the extremities their role in 
anesthetic management for urgent reconstructive surgery seems well suited.

Polytrauma due to accident significantly activates stress hormones, inflammatory mediators 
and catabolism, from the time of injury extending through to rehabilitation. Pathophysiological 
changes after trauma may be increased by systemic opioids and other analgesics. Adverse 
effects of narcotic analgesics include drowsiness, respiratory depression vomiting, constipa-
tion deranged sleep and dependence [2].

Regional anesthesia in elective surgical procedure is widely used either alone or along with 
general anesthesia. RA has advantage of minimizing stress response to injury; these advan-
tages are often not translated to the trauma patients. Early and late advantages of RA are often 
overlooked for fear of rare complications and less effective and more deleterious narcotic 
based analgesics predominate.

The benefit of peripheral nerve blocks (PNB) is the provision of high quality analgesia that is 
site specific and devoid of any systemic side effects. RA confers several other advantages over 
general anesthesia for trauma patient including reduction in opioid requirement and length 
of stay in emergency or critical care units, improved comfort and safety for transport, reduc-
tion in the stress response to injury. The capability of CPNB to provide long-term analgesia 
and surgical anesthesia during frequent trips to the operating room is a significant benefit of 
this pain management technique [3, 4].

Post traumatic patients are associated with posttraumatic stress disorder (PTSD) and chronic 
regional pain syndrome (CRPS) following acute injury, more than 75% of severe polytrauma 
patients develop chronic pain syndrome. Chronic pain syndrome is defined as pain persisting 
for more than 12 weeks following acute injury [5]. Development of chronic pain syndrome 
following acute injury is multifactorial. However, the risk factor that appears to be most pre-
dictive of eventual chronic pain is the intensity of acute pain at the time of injury. RA has been 
shown to significantly reduce acute pain intensity in traumatic injury. While it is attractive to 
assume that quality regional blockade early during an injury would prevent the development 
of chronic pain.

2. Rationale for regional anesthesia use in reconstructive surgery

Regional block offers many advantages of an ideal analgesic. Specific and unique advantages 
include superior analgesia, decreased postoperative delirium and psychosis, preserved sleep 
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cycle, attenuation of stress response to injury, decreased nausea and vomiting, decreased 
posttraumatic chronic pain syndrome, and reduced systemic side-effects of opioids. Admin-
istration of regional anesthesia averts the risk of airway complications associated with 
airway instrumentation during general anesthesia and positive pressure ventilation, such 
as failure to secure airway, aspiration pneumonia and aggravation of cervical cord injury. 
Anesthesiologists encounter patients with critical trauma at various times during ongoing 
care, from prehospital resuscitation, stabilization in the emergency department, the manage-
ment of the anesthesia and the intensive care unit, to the pain treatment service. Each stage 
offers the opportunity to provide regional anesthesia to trauma patients [6].

3. Key points for using regional anesthesia in reconstructive surgery

• Reconstructive surgery procedures rely on different approaches to local and regional 
anesthesia.

• Systemic toxicity associated local anesthetics during regional anesthesia and peripheral 
nerve block is a major anesthetic complication in poly-trauma patients due to rapid LA 
absorption into the vascular system.

• Less common complications associated with regional anesthesia are direct nerve injury, 
hematoma, pneumothorax, inadequate block, phrenic nerve palsy, Horner’s syndrome and 
compartment syndrome.

• RA is ideal, site-specific and high-quality analgesia without risk of respiratory depression, 
drowsiness and bleeding associated with opioid and non-steroidal anti-inflammatory drugs.

• Increased availability of point of care ultrasound equipment and improved technology has 
made the administration of RA accurate, repeatable and with fewer complications.

• Regional anesthesia provides effective analgesia in critically ill trauma patients with mul-
tiple rib fractures, hip fractures and other injuries, where administration of systemic anal-
gesics is associated with inadequate analgesia and delayed recovery.

• Compartment syndrome associated with RA and peripheral nerve blocks due to delay in 
diagnosis can be prevented by judicious use of low concentration local anesthetics and 
early mobilization.

• Decrease in the complications associated with RA due to advances in technology and better 
training. It can be administered outside the operating room to provide an arrival block with 
analgesia superior to the beginning of patient care.

4. Application of regional anesthesia in trauma management

4.1. Thoracoabdominal trauma

Thoracic injuries include: blunt chest injuries such as rib fractures, flail chest and pulmonary 
contusion are common, with significant morbidity and mortality. Pain impairs with adequate 
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respiratory movements predisposing to atelectasis, pneumonia and retention of secretion. 
RA modalities include erector spinae plane block, serrates anterior plane blocks, cervical and 
thoracic epidural analgesia (TEA), intercostal blocks, paravertebral block and intrapleural 
catheters. Thoracotomy for acute chest injury is associated with excruciating postoperative 
pain which impairs with respiratory movement during postsurgical period, and it also associ-
ated with more than 50% chronic pain syndrome, which is debilitating. Cervical and thoracic 
epidural block is gold standard for managing postthoracotomy pain syndrome. Chest injury 
with multiple rib fractures are encountered in more than 10% of trauma patients, requiring 
adequate analgesia to prevent atelectasis, pulmonary infections. Thoracic paravertebral block 
and thoracic and cervical epidural analgesia provide excellent pain relief in these patients. 
However, previously reported reduction in duration of mechanical ventilation, hospital stay, 
and mortality rate are unequivocal [7]. Trauma patients are associated, with coagulopathy 
due to hemorrhage, massive blood transfusion or thromboprophylaxis and most of these 
patients are hypovolemic, which preclude the use thoracic epidural blocks.

4.1.1. Thoracic paravertebral block

Thoracic paravertebral block (TPVB) provides excellent unilateral analgesia in chest trauma 
patients. Segmental thoracic dermatomal block associated with less frequent hypotension in 
these hypovolemic patients as compared to TEA. TPVB may be administered in patients with 
anticoagulation, concomitant spinal injury, allowing adequate analgesia without interfering 
in neurological assessment [8].

4.1.2. Intercostal nerve block (ICNB)

Involves injection of local anesthetics around the posterior segment of intercostal nerves. 
Contrast studies of intercostal injections have demonstrated the spread of contrast media to 
adjacent dermatomes representing spread via the extra pleural or paravertebral spaces. ICNB 
can be used in minor chest injuries with unilateral less than three rib fractures but in major 
chest injuries and for thoracotomy, ICNB are less effective, these patients require more effec-
tive pain management modalities such as TPVB and TEA. Radiographic studies of intercostal 
injections have demonstrated the spread of injectate to adjacent dermatomes representing 
spread via extra pleural or paravertebral spaces [9].

4.1.3. Intrapleural analgesia (IPA)

Involves injection of a local anesthetic agent between parietal and visceral pleura through an 
indwelling catheter. This produces a multiple intercostal nerve block by gravity dependent 
diffusion of local anesthetic agent across the parietal pleura, producing unilateral analgesia 
at multiple dermatomal segments. Advantages of intrapleural blocks involve relatively easy 
technique, minimal hemodynamics derangements, no motor weakness and bowel and blad-
der involvement. This modality of analgesia can be used in blunt chest injury patients. IPA is 
associated with disadvantages like unpredictable analgesia, systemic local anesthetic toxicity, 
loss of local anesthetics through chest tube (loss of local anesthetics through chest tubes can 
be minimized by transient clamping of chest tubes). Other adverse effects of intra pleural 
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block includes pneumothorax, hemothorax, and decreased diaphragmatic contractility due to 
disproportionate diffusion of LA and adversely affecting its function [10].

4.1.4. Abdominal plane blocks

The transverse abdominal plane (TAP) block and rectus sheath block provide somatic sensory 
analgesia to the anterior abdominal wall. The anterior divisions of the spinal nerves T7-L1 
cross between the internal oblique and the transversus abdominis muscles, and they perforate 
the rectus abdominis muscle. These nerves can be blocked injecting local anesthetics between 
internal oblique and transversus abdominis muscles (TAP), or between rectus sheath and 
rectus muscle (rectus sheath block). Although these blocks are widely used for postopera-
tive analgesia, its use in trauma patients is limited. Recent data suggest that erector spinae 
plane block or quadratus lumborum block may be more useful abdominal trauma and pelvic 
fractures.

4.2. Limb trauma

Upper limb injuries are particularly suited to peripheral nerve blocks for prolonged pain man-
agement and repeated surgical interventions. Brachial plexus block (BPB) provides superior 
analgesia, reduced narcotic consumption and shorter hospital stay compared with general 
anesthesia for ambulatory upper limb trauma surgery. For bilateral upper limb injuries ultra-
sound guided BPB with distal approaches and peripheral nerve blocks are recommended to 
minimize local anesthetic toxicity and risk of diaphragmatic palsy and respiratory distress.

Options for pain management in upper limb include the following:

• Brachial plexus block (e.g. interscalene, supraclavicular, infra-clavicular and axillary 
approaches)

• Peripheral nerve block (e.g. radial, median, and ulnar)

• Intravenous regional anesthesia (IVRA)

4.2.1. Lower limb trauma

Regional anesthesia for managing patients with polytrauma challenging, appropriate use of 
regional anesthesia can complement ATLS management priorities. Peripheral nerve blocks 
are generally safer and more practical than neuraxial techniques in hemodynamically unsta-
ble trauma patients. The challenge of translating benefit from regional blocks to patient care 
pathway requires appropriate infrastructure and training. Regional block provides main attri-
butes of an ideal analgesic. Advantages of RA include superior analgesia, attenuation of stress 
response decreased postoperative delirium and avoidance of systemic side-effects.

Regional anesthesia and peripheral nerve blocks are increasingly used for lower limb trauma. 
Advances in ultrasonography in regional anesthesia increases the percentage of block success 
and reduces the requirement of local anesthetics. Femoral and lumbar plexus blocks for femur 
fractures are effective and safe in hemodynamically unstable and elderly trauma patients. 
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Regional anesthesia for hip fractures is associated with less delirium and better analgesia. For 
lower leg injuries, sciatic nerve block by parasacral, mid sciatic or popliteal approach facilitate 
superior analgesia. Ankle blocks are almost replaced by popliteal nerve block with saphenous 
nerve block to allow surgery to the foot.

Options for pain management in lower limb include the following:

• Lumbar epidural

• Subarachnoid block

• Lumbar/sacral plexus block

• Compartment blocks (e.g. fascia iliac)

• Peripheral nerves (e.g. femoral sciatic, saphenous, and obturator)

5. Limitations of regional anesthesia in trauma

Careful risk–benefit analysis must be used while considering RA techniques. Circumstances 
where RA is not appropriate include: the debate on whether peripheral blocks are safer when 
performed on awake or anesthetized patients is unresolved. Available evidence is low-level 
and conflicting and expert opinion is divergent. Regional anesthesia in sedated patients hide 
presentation of complications associated with RA like intraneural injections and local anes-
thetic toxicity.

Regional anesthesia is contraindicated in the following situations:

• Trauma victims with hemorrhagic shock and threatened airway

• Traumatic brain injury

• Raised intracranial pressure (for neuraxial blocks)

• Coagulopathy

• Patient refusal for regional anesthesia

• Allergy to LA

• Lack of appropriate training, equipment, and care bundles

6. Special problems

6.1. Compartment syndrome

Compartment syndrome is the most dreaded complication following a limb trauma. Acute 
compartment syndrome commonly occurs following forearm and leg fractures in young 
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adults less than 35 years of age. Who has more tissue mass. Acute trauma leads edema of 
injured tissues, due to closed osteofacial compartment in forearm and leg, increased pressure 
following tissue swelling causes collapse of arterioles and capillaries, which leads to cessation 
of circulation and tissue hypoxia. Following tissue hypoxia inflammatory mediators will be 
released leading to increased vascular permeability and worsening tissue edema. Regional 
anesthesia and peripheral nerve blocks provide excellent perioperative analgesia, but few cli-
nicians fear an anesthetized limb may delay the diagnosis of acute compartment syndrome by 
masking symptoms due to regional block. However, sensitivity of these subjective symptoms 
is less than 20% [11, 12].

There are only five case reports of compartment syndrome following peripheral nerve blocks. 
At present, it is difficult to make direct correlation peripheral nerve blocks to compartment 
syndrome. The use of lower concentration of local anesthetics, intermittent analgesic, measur-
ing compartment pressure in high-risk patients, limb elevation and careful monitoring are 
key for early diagnosis and prompt treatment.

6.2. Preexisting nerve injury

The “double crush syndrome” proposes that patients with pre-existing nerve lesions are more 
susceptible to further injury when exposed to a secondary insult. Preexisting nerve injury in 
trauma victims may be exacerbated by nerve blocks, either by direct damaging nerve or due 
to local anesthetic induced neuronal toxicity, although the evidence of neuronal injury due to 
PNB is unequivocal.

Careful neurological assessment risk stratification and usage of ultrasonography for periph-
eral nerve blocks will substantially reduce direct nerve injury. Usage of USG during periph-
eral nerve blocks allows low volume and concentration of LA by precisely localizing neuronal 
structures, and this reduces the incidence of neuronal injury [13].

6.3. Anticoagulation

Trauma victims with multiple injuries predisposes to coagulopathy, this may be exacerbated 
by massive blood transfusion, hypothermia, medications and disseminated intravascular 
coagulation. Risk depends on the patient, mechanism of injury and medicines. In acute phase 
hypothermia and hemorrhage may lead to a coagulopathy. Best way is to individually weigh 
risk against the benefit of RA in trauma patients with coagulation abnormalities [14]. If the RA 
is chosen for the patients with coagulation abnormalities, extreme vigilance and monitoring 
for eventual side effects is mandatory.

Recommendations for performing RA should be done according to latest American Society 
of Regional Anesthesia and Pain Medicine guidelines [15]. Spinal and epidural anesthesia 
in patients the coagulopathy poses greater risk than peripheral nerve blocks since hemor-
rhage into the central neuraxis causes more disastrous complication. Thromboprophylaxis in 
trauma victims could contraindicate usage of neuraxial block. Choosing appropriate antico-
agulation schedules and usage of ultrasonography for regional anesthesia provides the safer 
option in anticoagulated patients.
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adults less than 35 years of age. Who has more tissue mass. Acute trauma leads edema of 
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of circulation and tissue hypoxia. Following tissue hypoxia inflammatory mediators will be 
released leading to increased vascular permeability and worsening tissue edema. Regional 
anesthesia and peripheral nerve blocks provide excellent perioperative analgesia, but few cli-
nicians fear an anesthetized limb may delay the diagnosis of acute compartment syndrome by 
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Recent advances in point-of-care coagulation testing like thromboelastography provide rapid, 
objective assessment of hemostatic function. This may be used before interventions, to detect 
type of coagulopathy and to administer specific coagulation factors.

6.4. Chronic pain

Chronic pain is more common following trauma than often realized, inadequate manage-
ment of acute pain increases the risk of development of chronic pain syndrome. It may be 
due to nociceptive pain or often include a neuropathic component, which can be difficult to 
treat. There are several pain syndromes such as complex regional pain syndrome (CRPS), 
postamputation pain, and posttraumatic stress disorder which are specifically associated with 
trauma.

Early, effective and sustained analgesia and usage of peripheral nerve blocks after injury 
decreases the incidence and severity of chronic pain syndromes. Administration of low and 
therapeutic doses of antidepressants, oral ketamine and gabapentin should be considered for 
persistent pain [16, 17].

7. Conclusion

Trauma represents a considerable and increasing demand on healthcare resources. Early 
resuscitation and on-arrival block forms primary goal initial management of polytrauma 
patients. Advances in regional anesthesia, better training and availability of point of care 
sonography allowed safer administration of RA and peripheral nerve block in critically ill 
polytrauma patients. Early administration of peripheral nerve blocks minimizes pulmonary 
and cardiovascular complications, decreases incidence of posttraumatic stress disorder and 
chronic pain syndrome, allows prompt mobilization and significantly reduces consumption 
of narcotic analgesics. Careful use of regional anesthetics in polytrauma patients, reduce 
duration of hospital stay and delirium in elderly patients. Regional anesthesia and periph-
eral nerve blocks are not devoid of adverse effects like systemic LA toxicity, neurovascu-
lar injury, and compartment syndrome. Selecting proper regional anesthesia technique, 
usage of appropriate local anesthetic concentration and volume, these complications can 
be reduced. RA is more versatile and reliable than ever before, with appropriate patient 
selection and usage of ultrasonography, such interventions are effective and safe. When 
used carefully in selected polytrauma patients regional anesthesia provides a cost-effective 
and safer method of analgesia in injured patients in both during surgery and perioperative 
settings.
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Abstract

Most patients who undergo cosmetic surgery do not report pain during the immediate 
postoperative period. However, most patients who underwent liposuction combined 
with or without other plastic surgical procedure suffer pain after surgery. There are three 
main techniques in acute pain management postoperatively which are systemic anal-
gesia, regional analgesia, and local/topical analgesia, and these are the extent of trauma 
during the procedure, surgeon’s skill, prior disease, location and type of incision, and 
psychological and cultural factors. Treatment for each type of plastic surgery and the 
resulting pain require techniques that can be used as single method or combined with 
each other to relieve postoperative pain after plastic surgery. Nausea, vomiting, constipa-
tion, somnolence, etc., are well-known adverse effects of opioids. Although these effects 
may seem minor, they can lead to significant complications following some type of plastic 
surgeries, for example, face-lift hematoma following nausea and vomiting, pulmonary 
complications from respiratory depression, and even thromboembolic phenomena from 
bed rest following prolonged opioid use. Multimodal pain management has been docu-
mented to increase patient satisfaction and reduce both opioid use and the incidence of 
PONV. Combination of pain management in plastic surgery included patient-controlled 
analgesia intravenous (PCA-IV), patient-controlled epidural analgesia (PCEA), patient-
controlled regional analgesia (PCRA), field block (TAP block), continuous wound infusion 
system using pain pump and tumescent analgesia with local anesthetics.

Keywords: postoperative pain, IV-PCA, PCEA, PCRA, field block, TAP block, 
tumescent analgesia, opioids, NSAIDs
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1. Introduction

Plastic surgery has become increasingly done over the last decades. The surgeon and patients 
become aware of the importance of postoperative pain control. This has occurred in part in 
an attempt to improve the patient experience and satisfaction. However, pain remains a major 
patient concern. Most patients who undergo cosmetic surgery do not report pain during the 
immediate postoperative period. However, most patients who underwent liposuction com-
bined with or without other surgical procedure report pain after surgery. Pain is unpleasant 
sensory and emotional experience associated with tissue injury [2]. Postoperative pain is mainly 
derived from acute tissue manipulation during the surgical procedure. In fact, a recent study 
documented that 30–80% of patients undergoing outpatient surgery encountered moderate-to-
severe postoperative pain. The characteristics of pain that should be evaluated are onset, loca-
tion, irradiation, type of pain, duration, and pain-related behavioral responses [2–4].

Along with this increased awareness of the importance for pain management, a variety of 
newer analgesics modalities designed to reduce pain have arrived on the scene. In the era 
of health care reformation, it is important to consider that pain management techniques can 
contribute to the overall value of care that is delivered to patients.

1.1. Concept of multimodal pain management

Treatment for each type of plastic surgery and resulted pain requires a specific approach 
and must be individualized to the patient. There are three main techniques for acute postop-
erative pain management: systemic analgesia, regional analgesia, and local/topical analgesia. 
Systemic analgesia can be given through intravenous injection, oral or rectal route, intramus-
cular, and skin patch. Regional analgesia technique can be divided into neuraxial analgesia 
and peripheral nerve block. Currently, pain management through intravenous injection or 
continuous neuraxial and peripheral nerve blocks is more controllable and safer since the 
invention of pain pump, which commonly use the principal of patient-controlled analgesia. 
Opioids, nonsteroidal anti-inflammatory drugs (NSAIDs), mild analgesics, local anesthetics, 
etc., are all valuable in the multimodal pain management [4–6].

Nausea, vomiting, constipation, somnolence, etc., are well-known adverse effects of opioids. 
Although these effects may seem minor to some, they can lead to significant complications fol-
lowing certain types of plastic surgery, for example, face-lift hematoma following nausea and 
vomiting, pulmonary complications from respiratory depression, and even thromboembolic 
phenomena from bed rest following prolonged opioid use. In fact, a recent study documented 
adverse side effects in 17% of patients due to opioids. Most importantly, multimodal pain therapy 
including pharmaceutical agents mentioned above, long-acting local anesthetic preparations, and 
pain pumps may in large part replace isolated narcotic treatment of postoperative pain. This 
approach has been documented to increase patient satisfaction and reduce both opioid use and 
the incidence of nausea and vomiting in a large variety of nonfacial esthetic procedures. Although 
this multimodal treatment seems to have significant benefits, postoperative dosing becomes more 
complex, and adverse drug interactions and drug overdose become more likely [1–10].

There are some combinations that is proven to have a good effect in multimodal analgesia, 
such as paracetamol and NSAIDs, paracetamol with opioids, nonselective NSAIDs or selective 
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cyclooxygenase (COX)-2 inhibitors with opioids, and alpha-2-delta modulators (gabapentin 
and pregabalin) with opioids, N-methyl-D-aspartate (NMDA) antagonists ketamine and mag-
nesium, also alpha-2-agonists clonidine and dexmedetomidine with opioids. Combination of 
central neuraxial analgesia through epidural with NSAIDs proved favorable by suppressing 
stress response and suppressing pro-inflammatory factor [4–9].

2. Systemic analgesia

There are several systemic analgesic protocols to relieve postoperative pain in plastic surgery, 
but the IV administration of opioid and nonopioid analgesics is the most used. In the follow-
ing paragraphs, each one of these managements is described, being possible for the combina-
tion of the different alternatives of analgesia.

2.1. Oral administration

Postoperative pain management for ambulatory patients usually is treated with NSAIDs. This 
type of analgesics is the most important treatment for nociceptive pain. These kind of patients 
may also need a short-acting opioids such as hydrocodone, oxycodone, and acetaminophen. 
In immediate postoperative pain management, we prefer to use short-acting opioids rather 
than long-acting ones. However, if the patient is already on long-acting opioid before surgery, 
it is more appropriate to continue the long-acting opioid with combination of short-acting 
opioid for postoperative pain [3–9].

2.2. Intravenous bolus injection

Intravenous (IV) injection drugs that are commonly used as postoperative pain management 
are opioids (morphine and oxycodone). They are given based on patient’s need, usually for 
every 2–4 h. This condition can become a burden for both nurse and patient when the ratio 
between nurse and patient is low. NSAIDs also can be given intravenously for a short period, 
1–2 days [5, 7, 9, 11–13].

2.3. Intravenous patient-controlled analgesia (PCA-IV)

Patient-controlled analgesia (PCA) was used since 1971. PCA is one of the pain management 
techniques using a programmable pump intravenous device. The machine is put at patient’s 
bedside and connected to the IV line than contains a bag of premixed opioid solution. The 
patient can self-administer analgesic on demand by pressing the button connected to the PCA 
machine. The demand dose is already determined by the physician. The machine will lock for 
the amount of time before it can send another demand dose (lockout period), so it can protect 
the patient from overdosing. PCA device can also release the drug at a low-dose continu-
ous infusion rate [3]. There are several advantages of PCA such as painless route to deliver 
opioid, give accurate analgesia, help the nursing staff in patient’s pain control, and ensure 
the medication level compared with intermittent bolus injection or continuous IV infusion of 
opioid. PCA is used when the patient cannot take oral medication either in preoperative or 

Pain Management in Plastic Surgery
http://dx.doi.org/10.5772/intechopen.79302

103
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postoperative time or has nausea that causing the patient unable to take oral medication. PCA 
often use to control severe pain level such as burn injuries.

Minimal analgesia can be reached with opioid titration until minimum effective analgesia 
concentration (MEAC) can be reached, which becomes the border between pain and anal-
gesia. Furthermore, the dosage for causing analgesia varied among the patients and can be 
concluded that variability in opioid’s pharmacodynamic causes differences in the dosage. 
Individual MEAC can be determined by level of opioid endogen in preoperative cerebro-
spinal fluid. Patient with higher level of opioid endogen in cerebrospinal fluid needs lower 
MEAC to achieve and maintain the analgesia effect [3, 5, 7, 9, 11–15] (Figure 1).

In the figure above, X axis is the opioid plasma concentration and Y axis is the pain intensity 
from severe pain to no pain. Small circles show correlation between opioid concentration and 
pain intensity in an interval of increased opioid concentration. At the beginning, progressive 
increase of opioid concentration does not change pain intensity, but then with a little increase 
of opioid concentration, it can decrease pain intensity until pain is resolved. Increase of opioid 
concentration after this point will not give an extra effect.

2.3.1. PCA variable

PCA can be given in many methods, and the following two are the most common methods 
used in daily practice:

• Demand dose (the dosage has been made by the anesthetist and given by patient to him/
herself in a given period of time)

• Continuous infusion/background infusion along with demand dose in accordance with 
patient’s need.

Figure 1. Response to opioid concentration and pain intensity [17].
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2.3.1.1. Programmed intermittent bolus (PIB)

PIB is a specific dosage of drug that is programmed in PCA to give automatic bolus drug in 
specific intervals. PIB does not depend on demand dose or continuous infusion. PIB is usu-
ally used for epidural analgesia or peripheral nerve block analgesia. Time interval is around 
15–60 min, which means every for 15–60 min. PCA machine will automatically give bolus drug 
in a specific dose. For all PCA method, there are basic variables, such as: (a) initial bolus dose, 
(b) demand dose, (c) lockout interval, (d) Background infusion, (e) Maximum dose limitation 1 
and 4 h [15–19].

2.3.1.2. Initial bolus dose

It is possible to give drugs titration when activated by the program (not the patient). Initial 
bolus dose can be used by the nurse in postanesthesia care unit (PACU) to titrate opioid dose 
until reach MEAC or by the nurse at ward to administer the extra dose for the breakthrough 
pain. Initial bolus dose is the key for the success in pain management using PCA. Without it, 
there is a big possibility that pain may not be resolve adequately and patient can be disap-
pointed using the PCA machine [15–19].

2.3.1.3. Demand dose

Demand dose is also known as incremental dose or PCA dose. It is amount of analgesia that is 
given to the patient when patient press the demand button. PCA dose aims to maintain opioid 
level in MEAC level. PCA dose is the maintenance dose [15–19].

2.3.1.4. Lockout interval

To prevent opioid overdose with continuous demand, all PCA machines use lockout interval. 
It gives time lapse after administration of demand dose, and the machine will not respond to 
any demand dose, even though patient press the button, until certain time. This is one of the 
security systems in the PCA machine [15–19].

2.3.1.5. Background infusion

Infusion with constant speed is given without considering the patient’s demand. Back-
ground infusion is seldom used for patients with acute pain because of risk of overdose. 
Background infusion is usually administered to the patients who use opioid with large dose 
previously. Background infusion can be given by electrical PCA machine. Continuous infu-
sion used as adjuvant in administration of bolus dose can increase analgesia effect for the 
patient, so they can sleep without any disturbance due to pain. Disadvantages from this 
system are that opioid could still be given without considering the sedation level and can 
increase the risk of respiratory depression. Routine use of background infusion is not rec-
ommended. Background infusion may be useful in patients who are tolerant toward opioid, 
patients who are common in using opioid and need higher dose, or patients who have sleep 
disturbance at night due to pain [15–19].
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any demand dose, even though patient press the button, until certain time. This is one of the 
security systems in the PCA machine [15–19].

2.3.1.5. Background infusion
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Background infusion is usually administered to the patients who use opioid with large dose 
previously. Background infusion can be given by electrical PCA machine. Continuous infu-
sion used as adjuvant in administration of bolus dose can increase analgesia effect for the 
patient, so they can sleep without any disturbance due to pain. Disadvantages from this 
system are that opioid could still be given without considering the sedation level and can 
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patients who are common in using opioid and need higher dose, or patients who have sleep 
disturbance at night due to pain [15–19].
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2.3.1.6. Maximum dose limitation

Some machine may have time limit 1 or 4 h. This program limits patient interval either 1 or 
4 h to get total cumulative dose. Usage of the interval 1 or 4 h is controversial. Prolimitation 
said that the limitation could give better security, while the contra side said there is no 
evidence that shows this limitation could give better security. In the other hand, if patient 
needs demand dose or PCA dose in large amount until it reaches the limitation for 1 or 
4 h, may be they really need that much dose to resolve the pain; thus, it is not necessary 
to reach that need. The usual maximum dose for morphine is 10 mg in 1 h or 30 mg in 
4 h. Keep in mind that PCA is used as maintenance therapies and pain should be under 
controlled before PCA is started. Disadvantages of this system are that opioid could still 
be given without considering the sedation level and can increase the risk of respiratory 
depression [15–19] (Figure 2).

2.4. Opioid for IV-PCA

Knowledge about pharmacology is the basic to use PCA effectively. A physician should 
understand not only indication and contraindication, but also pharmacodynamic and phar-
macokinetic of opioid, including absorption, distribution, biotransformation, and elimination 
from many types of opioid. Besides that, a doctor needs to understand specific physiologic 
response that can be happened when a drug binds to specific receptor inside or outside the 

Figure 2. Comparison between plasma drug concentration and their administration. Plasma drug concentration after 
small frequent dose PCA administration compared with large dose intramuscular or intravenous administration  every 
2-4 hours and continuous infusion intravenous. Ideally, plasma drug concentration is constant in analgesia range 
without any surge of plasma drug concentration that lead to over sedation and respiratory depression or low level of 
drugs that cause inadequate analgesia. Small but frequent dose could be reached by PCA.
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brain. Knowledge about all of the above will become essential to choose the right opioid that 
can be used in the PCA system. Parenteral opioid has three characters when binding with 
micro-opioid pure agonist, agonist-antagonist, and partial agonist. Character of pure agonist 
is the mainstay in acute pain management because can give full binding to microreceptor, 
and there is no maximal limit of analgesia (more opioid titration will give better effect in 
resolving pain.) However, there is a clinical maximal limitation that can give adverse effects 
such as sedation, respiratory depression, and often limit extra dose before reaching adequate 
level of analgesia. microagonist opioids are also effective in equianalgesic dose (i.e., 10 mg 
morphine = 2 mg hydromorphone = 100 mg meperidine) [15–19].

There are no significant differences in adverse effects due to opioids, even though patient 
can develop nausea, vomiting, or pruritus with one opioid, but not with other opioid drugs. 
All µ agonist decrease intestine movement, that contribute in ileus paralytic after surgery  
[15, 16, 18, 20].

Agonist-antagonist opioids activate κ receptor and antagonist toward microreceptor. Even 
though they are used with maximal effect limitation toward respiratory depression, it can 
give a wider safety margin, and this effect can happen with very large dose comparing it 
with microagonist. The most important thing is that agonist-antagonist has maximal limit 
of analgesic effect, so this group cannot make better analgesia compared with microagonist. 
Furthermore, agonist-antagonist drugs will induce acute withdrawal response in patients who 
receive microagonist opioids before. Due to activation of σ receptor, this group often induces 
psychotomimetic adverse effects. These type of opioids are uncommon to be used in PCA IV 
[15, 17, 18].

All opioids have been used successfully for PCA intravenous analgesia, with morphine as the 
most substance to be studied. Whatever opioid is chosen for intravenous PCA, knowledge 
about pharmacology is needed to control variable dose in PCA machine. Key component 
for effective PCA therapy is the right titration to get analgesia. Loading dose of morphine is 
2–4 mg (or equianalgesic dose for alternative opioid) given every 5–10 min in postanesthesia 
care unit (PACU) until pain score ≤4 from 10 or if respiratory rate <12 times per minute, which 
will give limitation for the next opioid administration. It should become a consideration to 
use multimodal therapy to achieve optimal analgesia and to decrease the use of opioid and 
will decrease the possibility of adverse effect and respiratory depression (Table 1).

Opioid Concentration Demand dose Lockout (min) Continuous basal

Morphine 1 mg/ml 1–2 mg 6–10 0–2 mg/h

Fentanyl 10–20 μg/ml 20–50 µg 5–10 0–60 µg/h

Sufentanil 1–4 μg/ml 4–6 µg 1–10 0–8 µg/h

Hydromorphone 0.1–0.2 mg/ml 0.2–0.4 6–10 0–0.4 mg/h

Tramadol 10–20 mg/ml 10–20 mg 6–10 0–20 mg/h

Oxycodone 1–2 mg/ml 1–2 mg 5–10 0–2 mg/h

Continuous infusion is not recommended in early design.

Table 1. Common PCA regimen.
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Figure 3. Simplified algorithm of IV-PCA management for basic setting of IV-PCA with morphine.
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2.4.1. Initial dose and adjusted dose

There is no ideal dose in IV-PCA. Deciding dose for PCA depends on patient and expected 
postoperative pain. The key component of effective PCA therapy is initial titration to achieve 
pain-free condition or minimal pain before starting the IV-PCA program. One consideration 
is that multimodal therapy approach must start early to optimize the analgesia and decrease 
the need of opioid, so can decrease the adverse effect and respiratory depression. Pain man-
agement with PCA will fail if initial analgesia cannot be achieved. This condition will disap-
point the patient who still feels pain even though the machine has been started. Patient will 
be frustrated and refuse to use PCA. Keep in mind that basic principle of PCA is to maintain 
the analgesia in optimal range for the patient [15, 17, 18] (Figure 3).

3. Regional analgesia

Analgesia with regional techniques has been fashionable due to its advantages: effective, safe, 
economical, and easy to perform. There are numerous techniques of perioperative analge-
sic blocks, which have benefited with the advent of ultrasound. The following paragraphs 
describe some procedures.

3.1. Central neuraxial analgesia

3.1.1. Patient-controlled epidural analgesia (PCEA)

Epidural analgesia is a safe and effective method to handle pain in any patient. It can be 
used for babies, children, adult, elderly in a short period (hours until days) or long period 
(weeks until months). Epidural analgesia can give superior regional analgesia compared 
with conventional systemic route (IV or oral) with minimum systemic side effect (nausea, 
sedation, or constipation). Drugs in epidural space are distributed through three main 
routes: (1) diffusion process through dura to cerebrospinal fluid, then to spinal cord or nerve 
root, (2) through uptake in epidural space blood vessel into systemic circulation, and (3) fat 
uptake of drug in epidural space where it can enter cerebrospinal fluid or systemic circula-
tion. Epidural analgesia insertion can be combined with PCA machine to reduce pain with 
patient as the controller, which is known as patient-controlled epidural analgesia (PCEA). 
PCEA is an effective method to control pain with analgesia and local anesthesia through a 
catheter inside the epidural space connected with a pain pump that delivers small dose of 
drugs directly to the epidural space. Unlike systemic administration, drugs that are injected 
into the epidural space are potent because it is close to the opioid and alpha agonist recep-
tors in dorsal horn. Due to small dose, the side effects are minimum such as nausea, seda-
tion, and respiratory depression. Usage of this method is usually seen in obstetric surgery 
and postsurgery pain management for lower abdomen, thoracic, and cancer pain or chronic 
pain management. Currently, there are two main methods in PCEA usage such as demand 
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Figure 3. Simplified algorithm of IV-PCA management for basic setting of IV-PCA with morphine.
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sedation, or constipation). Drugs in epidural space are distributed through three main 
routes: (1) diffusion process through dura to cerebrospinal fluid, then to spinal cord or nerve 
root, (2) through uptake in epidural space blood vessel into systemic circulation, and (3) fat 
uptake of drug in epidural space where it can enter cerebrospinal fluid or systemic circula-
tion. Epidural analgesia insertion can be combined with PCA machine to reduce pain with 
patient as the controller, which is known as patient-controlled epidural analgesia (PCEA). 
PCEA is an effective method to control pain with analgesia and local anesthesia through a 
catheter inside the epidural space connected with a pain pump that delivers small dose of 
drugs directly to the epidural space. Unlike systemic administration, drugs that are injected 
into the epidural space are potent because it is close to the opioid and alpha agonist recep-
tors in dorsal horn. Due to small dose, the side effects are minimum such as nausea, seda-
tion, and respiratory depression. Usage of this method is usually seen in obstetric surgery 
and postsurgery pain management for lower abdomen, thoracic, and cancer pain or chronic 
pain management. Currently, there are two main methods in PCEA usage such as demand 

Pain Management in Plastic Surgery
http://dx.doi.org/10.5772/intechopen.79302

109



dose only (PCEA dose) and continuous infusion with demand dose (PCEA + continuous 
infusion). Continuous infusion is an administration of drug with constant speed, without 
any consideration of patient’s need. When the pain increases for some reason, activation of 
demand dose will cause administration of extra small dose that increases the drug’s volume 
and the patient will be pain free. Some of PCEA machines make it possible for doctor to 
set other parameters in administration of drugs that is known as programmed intermittent 
epidural bolus (PIEB) [21–28] (Table 2).

Best pain management using epidural analgesia can be reached with combination of local 
anesthetic and opioid because they can work synergistic to decrease pain with fewer side 
effects than with single drug. All drugs and fluid that are injected into the epidural space 
should be free from preservative to avoid central nervous system toxicity [6].

The American Society of Anesthesiologist (ASA) published a clinical practice guidance to 
prevent infection from epidural analgesia. They recommend insertion of epidural catheter 
with aseptic technique, such as washing hand, sterile gloves, sterile gown, mask (used to 
cover mouth and nose), skin preparation, and sterile drapes around injection site. The tip of 
the epidural catheter should be placed based on the surgical dermatomes. Catheter should be 
fixed to minimize possibility of catheter misplace outside from the epidural space, migrate to 
subarachnoid space, or even migrate to a blood vessel. Dressing is adjusted so it will not cover 
the insertion. Nosocomial infection should be considered, and the use of prophylactics antibi-
otics is recommended, especially for patients with risk of infection (i.e., diabetics, patient who 
received steroid therapy or immunosuppression and patient who are hospitalized more than 
48 h with epidural catheter) [29] (Tables 3 and 4).

Before PCEA is started, a loading dose should be administered to reach the initial block 
level using higher concentration of local anesthetic than the concentration in PCEA solution. 
Continuous rate for adult patients needs adjustment depending on patient’s need. Continuous 
infusion is usually not used in PCEA [21–27] (Table 5).

3.2. Peripheral nerve blocks

Nerve block with local anesthetic in a specific location at or around the main nerve will depo-
larize the nerve and obtund the pain sensation in that specific area. Advantages of nerve block 
such as single accurate injection can block larger area of sensation without tissue distortion 
at the operative site. In the other hand, this method has the disadvantage of the sensation of 

Surgery site and injury Epidural insertion

Thoracic T4-T8

Upper abdomen T7-T10

Lower abdomen T9-L1

Hip and lower extremities L1-L4

Table 2. Epidural insertion based on surgery site.
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Opioid Concentration Loading 
dose*

PCEA 
dose*

Lockout 
interval 
(min)

Continuous 
rate*

4 h limitation 
(ml)

Morphine 50 µg/ml 2–4 mg 2–4 ml 10–15 6–12 ml/h 40–70

Hydromorphone 10 μg/ml 500–1500 μg 2–4 ml 6–10 6–12 ml/h 40–70

Fentanyl 2–5 µg/ml 75–100 μg 2–4 ml 6 6–15 ml/h 40–70

Sufentanil 2 µg/ml 0.5 µg/kg 2–4 ml 6 0.1 μg/kg/h 40–70

*Depend on epidural catheter insertion, surgery condition, and patient’s physical status.

Table 3. Opioid dose of PCEA guideline.

Incision site Analgesia solution Continuous 
infusion (ml/h)

Demand 
dose (ml)

Lockout 
interval 
(min)

PIEB (ml every)

Volume 
(ml)

Time 
(min)

Common 
Regimen

0.05% bupivacaine + 2–5 μg/
ml fentanyl

4–10 2–6 10–15 — —

0.0625% bupivacaine + 
2–5 μg/ml fentanyl

4–10 3–5 10–15 6–10 30–60

0.1% bupivacaine +2–5 μg/ml 
fentanyl

6–8 2–3 10–20 10 60

0.125% bupivacaine + 
0.05–0.1 mg/ml morphine

4–6 5–10 15–20 — —

0.0625–0.125% 
levobupivacaine + sufentanil 
0.5 µg /ml

10 5 10–15 10 60

0.1% levobupivacaine + 
fentanyl 2 μg/ml

10 5 10–15 5–10 30–60

0.1–0.2% ropivacaine + 
2–5 μg/ml fentanyl

3–5 2–5 10–20 5

2.5

30

15

Thoracic 0.0625–0.125% bupivacaine + 
2–5 μg/ml fentanyl

3–4 2–3 10–15 — —

Abdominal 0.0625% bupivacaine 
+2–5 μg/ml fentanyl

4–6 3–4 10–15 — —

0.125% bupivacaine + 0.5 μg/
ml sufentanil

3–5 2–3 10–15 — —

0.1–0.2% ropivacaine + 
2–5 μg/ml fentanyl

3–5 2–5 10–15 — —

0.125% bupivacaine + 
0.05–0.1 mg/ml morphine

4–6 10 15–20 — —

Lower extremity 0.0625–0.125% bupivacaine 
+2–5 μg/ml fentanyl

4 2 10–15 — —

Table 4. PCEA regimen for acute postsurgery pain.
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dose only (PCEA dose) and continuous infusion with demand dose (PCEA + continuous 
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and the patient will be pain free. Some of PCEA machines make it possible for doctor to 
set other parameters in administration of drugs that is known as programmed intermittent 
epidural bolus (PIEB) [21–28] (Table 2).
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anesthetic and opioid because they can work synergistic to decrease pain with fewer side 
effects than with single drug. All drugs and fluid that are injected into the epidural space 
should be free from preservative to avoid central nervous system toxicity [6].
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prevent infection from epidural analgesia. They recommend insertion of epidural catheter 
with aseptic technique, such as washing hand, sterile gloves, sterile gown, mask (used to 
cover mouth and nose), skin preparation, and sterile drapes around injection site. The tip of 
the epidural catheter should be placed based on the surgical dermatomes. Catheter should be 
fixed to minimize possibility of catheter misplace outside from the epidural space, migrate to 
subarachnoid space, or even migrate to a blood vessel. Dressing is adjusted so it will not cover 
the insertion. Nosocomial infection should be considered, and the use of prophylactics antibi-
otics is recommended, especially for patients with risk of infection (i.e., diabetics, patient who 
received steroid therapy or immunosuppression and patient who are hospitalized more than 
48 h with epidural catheter) [29] (Tables 3 and 4).
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level using higher concentration of local anesthetic than the concentration in PCEA solution. 
Continuous rate for adult patients needs adjustment depending on patient’s need. Continuous 
infusion is usually not used in PCEA [21–27] (Table 5).
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Nerve block with local anesthetic in a specific location at or around the main nerve will depo-
larize the nerve and obtund the pain sensation in that specific area. Advantages of nerve block 
such as single accurate injection can block larger area of sensation without tissue distortion 
at the operative site. In the other hand, this method has the disadvantage of the sensation of 

Surgery site and injury Epidural insertion

Thoracic T4-T8

Upper abdomen T7-T10

Lower abdomen T9-L1

Hip and lower extremities L1-L4

Table 2. Epidural insertion based on surgery site.

Anesthesia Topics for Plastic and Reconstructive Surgery110

Opioid Concentration Loading 
dose*

PCEA 
dose*

Lockout 
interval 
(min)

Continuous 
rate*

4 h limitation 
(ml)

Morphine 50 µg/ml 2–4 mg 2–4 ml 10–15 6–12 ml/h 40–70

Hydromorphone 10 μg/ml 500–1500 μg 2–4 ml 6–10 6–12 ml/h 40–70

Fentanyl 2–5 µg/ml 75–100 μg 2–4 ml 6 6–15 ml/h 40–70

Sufentanil 2 µg/ml 0.5 µg/kg 2–4 ml 6 0.1 μg/kg/h 40–70

*Depend on epidural catheter insertion, surgery condition, and patient’s physical status.

Table 3. Opioid dose of PCEA guideline.

Incision site Analgesia solution Continuous 
infusion (ml/h)

Demand 
dose (ml)

Lockout 
interval 
(min)

PIEB (ml every)

Volume 
(ml)

Time 
(min)

Common 
Regimen

0.05% bupivacaine + 2–5 μg/
ml fentanyl

4–10 2–6 10–15 — —

0.0625% bupivacaine + 
2–5 μg/ml fentanyl

4–10 3–5 10–15 6–10 30–60

0.1% bupivacaine +2–5 μg/ml 
fentanyl

6–8 2–3 10–20 10 60

0.125% bupivacaine + 
0.05–0.1 mg/ml morphine

4–6 5–10 15–20 — —

0.0625–0.125% 
levobupivacaine + sufentanil 
0.5 µg /ml

10 5 10–15 10 60

0.1% levobupivacaine + 
fentanyl 2 μg/ml

10 5 10–15 5–10 30–60

0.1–0.2% ropivacaine + 
2–5 μg/ml fentanyl

3–5 2–5 10–20 5

2.5

30

15

Thoracic 0.0625–0.125% bupivacaine + 
2–5 μg/ml fentanyl

3–4 2–3 10–15 — —

Abdominal 0.0625% bupivacaine 
+2–5 μg/ml fentanyl

4–6 3–4 10–15 — —

0.125% bupivacaine + 0.5 μg/
ml sufentanil

3–5 2–3 10–15 — —

0.1–0.2% ropivacaine + 
2–5 μg/ml fentanyl

3–5 2–5 10–15 — —

0.125% bupivacaine + 
0.05–0.1 mg/ml morphine

4–6 10 15–20 — —

Lower extremity 0.0625–0.125% bupivacaine 
+2–5 μg/ml fentanyl

4 2 10–15 — —

Table 4. PCEA regimen for acute postsurgery pain.

Pain Management in Plastic Surgery
http://dx.doi.org/10.5772/intechopen.79302

111



numbness in areas other than the operative site and unpredictable effect due to individual 
anatomic variation [6–30].

Regional anesthesia can be given as continuous block and demand dose using patient-con-
trolled regional anesthesia (PCRA). Commonly, PCRA is used in brachial plexus block, sciatic 
nerve block, and femoral nerve block. PCRA can decrease the consumption of local anesthesia 
without increasing the pain and high satisfaction level of patient who has undergone total 
hip or knee arthroplasty compared with continuous infusion. This method should be able to 
reduce motor block, minimize block of sensory, and better control from breakthrough pain 
[30–32]. The recommendation for PCRA setting is low basal infusion rate with 4–6 ml/h. for 
lower extremity and 6–10 ml/h. for upper extremity along with 2–10 ml small bolus doses 
with 20–60 min lockout interval [5, 31–35].

3.2.1. Drug of choice

All local anesthetics can be used, although the common choice is the short-acting drugs such 
as lidocaine and prilocaine. Tachyphylaxis has been reported and this condition is associated 
with occasional cyanosis caused by methemoglobinemia. Perhaps, it is for this reason that the 
drug is less favored. Bupivacaine, levobupivacaine, and ropivacaine have all been used for 
continuous peripheral nerve block (CPNB), but in general, there is no enough data available 
to suggest the best local anesthetic. Some experts suggest that ropivacaine is preferred because 
it has the capacity to maintain motor function. Casati preferred ropivacaine compared to lido-
caine for this reason. However, the evidence for this CPNB difference is limited and varied. For 
example, 0.2% ropivacaine provides the same pain relief rate when used in interscalene CPNB 
after shoulder surgery when compared with 0.15% bupivacaine or 0.11% levobupivacaine, but 
greater motor blockade is obtained. Comparison between bupivacaine and levobupivacaine 
was not found to be a significant difference. Similar studies doubled the concentration of these 
drugs (0.25% levobupivacaine compared with 0.25 and 0.4% ropivacaine) showing that anal-
gesia and motor block effects for interscalene catheters were similar at 0.25% levobupivacaine 
and 0.4% ropivacaine, but better than 0.25% ropivacaine. In a popliteal infusion study, Casati 
et al. also showed that 0.125% levobupivacaine was roughly equivalent to 0.2% of ropivacaine, 
either from analgesia or motor block sparing effect [33–39].

The term “analgesic gap” has been used for periods of inadequate analgesia that often occur 
after the loss of the initial block effect associated with catheter placement, but before subsequent 
local anesthetic infusions produce full effect. It may be especially difficult to treat if the patient 
is discharged after an outpatient operation with a catheter and infusion system. Keep in mind 

Type of surgery Catheter location Continuous infusion rate (ml/h)

Thoracic T2-T9 4–10

Upper abdominal T4-L1 4–10

Lower abdominal T10-L3 8–18

Lower extremity T12-L3 8–18

Table 5. Common continuous infusion rates for epidural analgesia.
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that regular oral analgesia should be started before the block runs out, and additional analgesia 
is readily available and used as early as the patient begins to feel uncomfortable with the pain.

Despite the recently published preclinical evidence of perineural pregabalin infusions and 
addition of clonidine, dexamethasone, and buprenorphine in perineural bupivacaine injected 
in mice, these data are still premature and until now there has been no drug other than local 
anesthesia approved by the FDA for continuous perineural administration. Randomized con-
trolled clinical trials have failed to show the advantage of adding clonidine or epinephrine to 
perineural infusions. There are sporadic RCTs that show the benefits of some opioids in peri-
neural infusions, but all these studies lack the active systemic control group that cannot assess 
the importance of perineural vs. intravenous opioid drug delivery. On the other hand, the addi-
tion of opioids often leads to an increased incidence of opioid-related side-effects. Recent data 
support previous evidence showing that total doses, not concentration/volume, are a major 
factor affecting clinical effects for continuous infusion of peripheral nerves [33, 35, 38–40].

3.2.2. PCRA brachial plexus

Insertion of brachial plexus catheter is generally divided into four parts: interscalene, supra-
clavicular, infraclavicular, and axillary. Choosing the right location for the insertion of the 
catheter in certain surgical procedures is of great importance compared to considering the 
variety of anesthesia techniques to be used.

3.2.2.1. PCRA axillary nerve block

After elective surgery on the hands, continuous axillary blocks using 0.1 or 0.2% ropivacaine 
did not have a better effect when compared to a control group using saline, and both groups 
still need additional analgesia. However, both in the continuous group and the recurrent 
bolus dose group using the 0.25% bupivacaine regimen gave better results in relieving pain 
with no difference in the two groups with the different techniques, either on the pain score, 
motor block degree, or on opioid requirements, although plasma bupivacaine levels were 
higher in the continuous group. Both 0.125% bupivacaine and 0.125% ropivacaine, given as a 
10-ml patient-controlled bolus dosage in outpatients, can relieve pain equally well. In addi-
tion to pain relief, continuous axillary block can provide an increased effect of vascular flow 
in patients after fingers reimplantation surgery [33, 39, 41].

3.2.2.2. PCRA brachial plexus periclavicular (supraclavicular/infraclavicular)

The periclavicular area has the advantage for the placement of a brachial plexus catheter. 
Unlike the axilla, this area is cleaner and relatively with less movement. With the increasing 
popularity of the infraclavicular block, various approaches of plexus catheterization are also 
increasingly used. The infraclavicular catheter has been widely used to relieve postoperative 
pain in the arms, elbows, and hands, even in patients undergoing outpatient treatment. Ilfeld 
et al. compared the use of ropivacaine infusions in the infraclavicular brachial plexus com-
pared with normal saline use in patients undergoing postsurgical upper-limb care treatment; 
patients receiving ropivacaine infusions experienced fewer pain complaints, fewer sleep dis-
turbances, and used less opioids, resulting in fewer opioid side effects, and higher patient 
satisfaction [31, 33, 39, 42].
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that regular oral analgesia should be started before the block runs out, and additional analgesia 
is readily available and used as early as the patient begins to feel uncomfortable with the pain.

Despite the recently published preclinical evidence of perineural pregabalin infusions and 
addition of clonidine, dexamethasone, and buprenorphine in perineural bupivacaine injected 
in mice, these data are still premature and until now there has been no drug other than local 
anesthesia approved by the FDA for continuous perineural administration. Randomized con-
trolled clinical trials have failed to show the advantage of adding clonidine or epinephrine to 
perineural infusions. There are sporadic RCTs that show the benefits of some opioids in peri-
neural infusions, but all these studies lack the active systemic control group that cannot assess 
the importance of perineural vs. intravenous opioid drug delivery. On the other hand, the addi-
tion of opioids often leads to an increased incidence of opioid-related side-effects. Recent data 
support previous evidence showing that total doses, not concentration/volume, are a major 
factor affecting clinical effects for continuous infusion of peripheral nerves [33, 35, 38–40].

3.2.2. PCRA brachial plexus

Insertion of brachial plexus catheter is generally divided into four parts: interscalene, supra-
clavicular, infraclavicular, and axillary. Choosing the right location for the insertion of the 
catheter in certain surgical procedures is of great importance compared to considering the 
variety of anesthesia techniques to be used.

3.2.2.1. PCRA axillary nerve block

After elective surgery on the hands, continuous axillary blocks using 0.1 or 0.2% ropivacaine 
did not have a better effect when compared to a control group using saline, and both groups 
still need additional analgesia. However, both in the continuous group and the recurrent 
bolus dose group using the 0.25% bupivacaine regimen gave better results in relieving pain 
with no difference in the two groups with the different techniques, either on the pain score, 
motor block degree, or on opioid requirements, although plasma bupivacaine levels were 
higher in the continuous group. Both 0.125% bupivacaine and 0.125% ropivacaine, given as a 
10-ml patient-controlled bolus dosage in outpatients, can relieve pain equally well. In addi-
tion to pain relief, continuous axillary block can provide an increased effect of vascular flow 
in patients after fingers reimplantation surgery [33, 39, 41].

3.2.2.2. PCRA brachial plexus periclavicular (supraclavicular/infraclavicular)

The periclavicular area has the advantage for the placement of a brachial plexus catheter. 
Unlike the axilla, this area is cleaner and relatively with less movement. With the increasing 
popularity of the infraclavicular block, various approaches of plexus catheterization are also 
increasingly used. The infraclavicular catheter has been widely used to relieve postoperative 
pain in the arms, elbows, and hands, even in patients undergoing outpatient treatment. Ilfeld 
et al. compared the use of ropivacaine infusions in the infraclavicular brachial plexus com-
pared with normal saline use in patients undergoing postsurgical upper-limb care treatment; 
patients receiving ropivacaine infusions experienced fewer pain complaints, fewer sleep dis-
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3.2.2.3. PCRA interscalene brachialis

Shoulder surgery can be very painful. Early and effective rehabilitation is important in 
improving postoperative outcomes. Given the substantial restriction of rehabilitation, it may 
not be surprising that the subject of local anesthetic infusion through the interscalene catheter 
is a new discussion in the literature on continuous peripheral nerve blocks and their use for 
pain relief following major surgery on the shoulders that has been widespread. The growing 
evidence now confirms that, in general, continuous interscalene brachial plexus may provide 
superior analgesia than intravenous opioids. For example, patient-controlled interscalene 
analgesia or continuous infusion of interscalene analgesia may ease pain, increase patient 
satisfaction, reduce opioid side effects compared with analgesia with IV-PCA and oral opioid 
analgesia. Interscalene analgesia also eases pain better and reduces opioid need after shoulder 
surgery compared with single injection interscalene block and infusion of local anesthesia 
into the glenohumeral joint or subacromial bursa, although mild adverse events may increase. 
For the record, it is worth mentioning that the most popular skin area for catheter access 
placement to the interscalene brachial plexus is also relatively mobile. For this reason, some 
anesthesiologists who use this technique will direct the catheter to the skin that is not moving 
much using tunneling technique [31, 33–35, 37, 39, 43–45].

3.2.2.4. Regimen dose

Some experts have used a number of different infusion strategies, ranging from simple con-
tinuous infusion rates, or controlled by patients, intermittent dose of bolus on demand only, 
to a combination of the two. The optimal local anesthetic regimen for CPNB is a combina-
tion of continuous infusion and patient-controlled bolus dosage which is known as patient 
controlled regional analgesia (PCRA). Grossi and Allegri and several other studies concluded 
that the best infusion regimen is a combination of continuous basal infusion with minimal 
rate, along with an intermittent bolus on demand that would otherwise result in a lower total 
local anesthetic use, than a continuous infusion course at a rate relatively with high infusion 
with equally effective analgesia results. There is insufficient evidence for optimal infusion 
rates, bolus doses on demand, or lockout intervals, although continuous infusion rates of 
4–10 ml/h, bolus dose on demand 2–5 ml, and 20–60 min lockout interval have been suc-
cessfully used. However, there will always be variations between patients, and the regimen 
should be adjusted to give the desired effect [33, 35, 37, 39, 41–46].

Currently, no known maximum safe dose for long-acting local anesthetics is administered 
continuously or via PCRA. In some studies, involving patients without kidney or liver dis-
ease, perineural infusions for 5 days with scheduled times indicate that the concentration 
of the drug in the blood is at a safe level. Administration of bupivacaine may be considered 
at a maximum infusion rate of 0.5 mg/kg/h based on predictions from data of patients 
receiving epidural bupivacaine infusion. Patients undergoing shoulder surgery using 
an interscalene catheter, supplemental block with large bolus dose (6 ml) can decrease 
continuous infusion rate from 8 to 4 ml/h and may prolong the duration of the infusion. 
However, many incidents and increased intensity of breakthrough pain, sleep disorders, 
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and decreased pain management satisfaction were reported. Therefore, if outpatients do 
not regain control to obtain additional local anesthesia, practitioners experience a dilemma 
regarding the use of analgesia selected between strong analgesia for a shorter period of 
time or weaker analgesia for a longer period of time. For the record, the duration of the 
infusion may be increased by progressively decreasing the basal infusion rate with a pro-
grammable infusion pump, thereby theoretically maximizing postoperative analgesia [33, 
35, 37, 39, 41–46].

Different results in doses of drug regimens can be caused by various factors, such as catheter 
design (no stimulation vs. stimulation), catheter placement (ultrasound vs. stimulation vs. 
combination) techniques, local anesthetic types (ropivacaine vs. bupivacaine vs. levobupiva-
caine) and concentration, infusion basal rate, bolus volume, lockout interval, operating proce-
dures, yield evaluation, measurement sensitivity, and many other factors. As a result, there is 
no evidence-based regimen that is ideal, although researchers have provided clinical recom-
mendations. However, there are some clinical situations where bolus dose administration is 
theoretically useful such as increasing block strength before wound care or potentially painful 
physical therapy. An RCT study showed that bolus on demand at PCRA reduced the need for 
local anesthesia. This provides three possible advantages: (1) theoretically reduces the motor 
block by decreasing the required basal infusion rate (to date, there is insufficient research), (2) 
reducing the incidence of numbness in the extremities, and (3) increasing the duration of the 
infusion/analgesia for outpatients who are dismissed from hospital with predetermined local 
anesthetic reservoir volume [31, 33, 37, 39, 43, 44, 46].

Some patients, especially the geriatrics, will experience a decrease in postoperative cognitive 
impairment. Therefore, most practitioners provide education to patients with their family/
caregiver. They should be given oral and written instructions, along with contact numbers 
of health workers who can be contacted. In addition to standard outpatient instructions, the 
items described include the after effects of anesthesia, instructions on the infusion pump, 
management of breakthrough pain, care of peripheral nerve catheters, the protection of limbs, 
and plans for catheter release. In addition, it is necessary to inform the onset of pain in the 
operative limb after the loss of peripheral nerve block effects, the possibility of fluid leakage 
at the site of the catheter and its treatment, and possible complications such as nerve injury, 
local infection, toxicity of local anesthetics, and pulmonary disorders. One variation of the 
technique that recently attracted attention was the use of mandated/programmed intermit-
tent bolus (PIB) doses, using the theoretical basis that increased local anesthetic volumes 
administered at one time that could increase perineural spread compared to volume/dose 
equivalent given as a basal infusion. Continuous adductor channel block requires a higher 
local basal anesthetic rate than the femoral nerve block. One study showed that although local 
anesthetic agents were given at relatively high rates (8 ml/h), the spread of local anesthetics 
remained limited. Subsequent studies involving healthy volunteers showed 0.2% ropivacaine 
at 8 ml/h as basal dose or intermittent bolus doses hourly gave the same sensory percep-
tions and quadriceps strength. Similar results are also reported for interscalene, femoral, and 
popliteal/sciatic catheters. For these reasons, the use of recurrent bolus doses can be reduced, 
unless recent RCTs may demonstrate the benefit of analgesia after thoracotomy at relatively 
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3.2.2.3. PCRA interscalene brachialis

Shoulder surgery can be very painful. Early and effective rehabilitation is important in 
improving postoperative outcomes. Given the substantial restriction of rehabilitation, it may 
not be surprising that the subject of local anesthetic infusion through the interscalene catheter 
is a new discussion in the literature on continuous peripheral nerve blocks and their use for 
pain relief following major surgery on the shoulders that has been widespread. The growing 
evidence now confirms that, in general, continuous interscalene brachial plexus may provide 
superior analgesia than intravenous opioids. For example, patient-controlled interscalene 
analgesia or continuous infusion of interscalene analgesia may ease pain, increase patient 
satisfaction, reduce opioid side effects compared with analgesia with IV-PCA and oral opioid 
analgesia. Interscalene analgesia also eases pain better and reduces opioid need after shoulder 
surgery compared with single injection interscalene block and infusion of local anesthesia 
into the glenohumeral joint or subacromial bursa, although mild adverse events may increase. 
For the record, it is worth mentioning that the most popular skin area for catheter access 
placement to the interscalene brachial plexus is also relatively mobile. For this reason, some 
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3.2.2.4. Regimen dose
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to a combination of the two. The optimal local anesthetic regimen for CPNB is a combina-
tion of continuous infusion and patient-controlled bolus dosage which is known as patient 
controlled regional analgesia (PCRA). Grossi and Allegri and several other studies concluded 
that the best infusion regimen is a combination of continuous basal infusion with minimal 
rate, along with an intermittent bolus on demand that would otherwise result in a lower total 
local anesthetic use, than a continuous infusion course at a rate relatively with high infusion 
with equally effective analgesia results. There is insufficient evidence for optimal infusion 
rates, bolus doses on demand, or lockout intervals, although continuous infusion rates of 
4–10 ml/h, bolus dose on demand 2–5 ml, and 20–60 min lockout interval have been suc-
cessfully used. However, there will always be variations between patients, and the regimen 
should be adjusted to give the desired effect [33, 35, 37, 39, 41–46].

Currently, no known maximum safe dose for long-acting local anesthetics is administered 
continuously or via PCRA. In some studies, involving patients without kidney or liver dis-
ease, perineural infusions for 5 days with scheduled times indicate that the concentration 
of the drug in the blood is at a safe level. Administration of bupivacaine may be considered 
at a maximum infusion rate of 0.5 mg/kg/h based on predictions from data of patients 
receiving epidural bupivacaine infusion. Patients undergoing shoulder surgery using 
an interscalene catheter, supplemental block with large bolus dose (6 ml) can decrease 
continuous infusion rate from 8 to 4 ml/h and may prolong the duration of the infusion. 
However, many incidents and increased intensity of breakthrough pain, sleep disorders, 
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and decreased pain management satisfaction were reported. Therefore, if outpatients do 
not regain control to obtain additional local anesthesia, practitioners experience a dilemma 
regarding the use of analgesia selected between strong analgesia for a shorter period of 
time or weaker analgesia for a longer period of time. For the record, the duration of the 
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35, 37, 39, 41–46].
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mendations. However, there are some clinical situations where bolus dose administration is 
theoretically useful such as increasing block strength before wound care or potentially painful 
physical therapy. An RCT study showed that bolus on demand at PCRA reduced the need for 
local anesthesia. This provides three possible advantages: (1) theoretically reduces the motor 
block by decreasing the required basal infusion rate (to date, there is insufficient research), (2) 
reducing the incidence of numbness in the extremities, and (3) increasing the duration of the 
infusion/analgesia for outpatients who are dismissed from hospital with predetermined local 
anesthetic reservoir volume [31, 33, 37, 39, 43, 44, 46].

Some patients, especially the geriatrics, will experience a decrease in postoperative cognitive 
impairment. Therefore, most practitioners provide education to patients with their family/
caregiver. They should be given oral and written instructions, along with contact numbers 
of health workers who can be contacted. In addition to standard outpatient instructions, the 
items described include the after effects of anesthesia, instructions on the infusion pump, 
management of breakthrough pain, care of peripheral nerve catheters, the protection of limbs, 
and plans for catheter release. In addition, it is necessary to inform the onset of pain in the 
operative limb after the loss of peripheral nerve block effects, the possibility of fluid leakage 
at the site of the catheter and its treatment, and possible complications such as nerve injury, 
local infection, toxicity of local anesthetics, and pulmonary disorders. One variation of the 
technique that recently attracted attention was the use of mandated/programmed intermit-
tent bolus (PIB) doses, using the theoretical basis that increased local anesthetic volumes 
administered at one time that could increase perineural spread compared to volume/dose 
equivalent given as a basal infusion. Continuous adductor channel block requires a higher 
local basal anesthetic rate than the femoral nerve block. One study showed that although local 
anesthetic agents were given at relatively high rates (8 ml/h), the spread of local anesthetics 
remained limited. Subsequent studies involving healthy volunteers showed 0.2% ropivacaine 
at 8 ml/h as basal dose or intermittent bolus doses hourly gave the same sensory percep-
tions and quadriceps strength. Similar results are also reported for interscalene, femoral, and 
popliteal/sciatic catheters. For these reasons, the use of recurrent bolus doses can be reduced, 
unless recent RCTs may demonstrate the benefit of analgesia after thoracotomy at relatively 
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large levobupivacaine (15 ml) volumes via paravertebral catheters, every 6 h compared with 
continuous infusions [33, 42, 44, 46] (Table 6).

3.2.3. PCRA femoral nerve

The femoral nerve block is particularly indicated for pain control associated with unilateral 
anterior knee surgery. It is important to remember that the posterior obturator nerve provides 
an articular branch that supplies the posterior aspect of the knee, and this nerve may contrib-
ute to the pain that occurs in the posterior aspect of the knee after knee surgery, even though 
the femoral nerve block is effective. Therefore, additional sciatic nerve block is required if 
surgery is performed in the distal or posterior areas of the knee joint (e.g., on anterior or 
posterior cruciate ligament repair). It is not uncommon to require obturator nerve blocks and/
or sciatic nerve separately, in addition to the femoral nerve block after total knee replacement 
surgery. Often the pain experienced in the posterior knee is short and effectively controlled 
with a single injection block. Continuous femoral nerve block has been shown to improve 
postoperative outcomes of total knee arthroplasty, better than single-shot femoral nerve block 
and continuous epidural [33, 35–39, 46–49].

For early bolus injections, 0.25 ml/kg ropivacaine (0.25–0.5%) or bupivacaine (0.25–0.5%) 
as bolus injection for intra- and postoperative analgesia should be combined with general 
anesthesia. If used as a single anesthetic, a dose of 0.5 ml/kg is usually required. With this 
technique, breakthrough pain is rare, and patients feel comfortable when followed by a con-
tinuous dose of 0.1 ml/kg/h in children or 5 ml/h in adults with 0.25% ropivacaine or bupiva-
caine 0.25%. The use of PCRA can give a better effect. Increased PCRA requirements are often 
caused by improper catheter placement [33, 37, 38, 47, 48, 50–52] (Table 7).

Surgery 
procedure

Anesthesia intraoperative Postoperative PCRA

Medicine Continuous 
(ml/h)

Bolus on 
demand (ml)

Lockout 
interval 
(min)

Shoulder 
surgery

Interscalene catheter: 20–25 ml 
ropivacaine 0.5% or 15–20 ml 
bupivacaine 0.5% + epinephrine 
1:300,000 or 15–20 ml 
levobupivacaine 0.5%

Ropivacaine 0.2%

Bupivacaine 0.1–0.125%

Levobupivacaine 
0.1–0.2%

0–5

(child: 0.02 ml/
kg)

0–6

0–6

2–5

(child: 0.1 ml/
kg)

2–5

2–5

15–30

20–60

20–60

Upper and 
lower arm 
surgery

Infraclavicular or 
supraclavicular catheter: 
20–25 ml ropivacaine 0.5% 
or 15–20 ml bupivacaine 
0.5% + epinephrine 1:300,000 or 
15–20 ml levobupivacaine 0.5%

Ropivacaine 0.2%

Bupivacaine 0.1–0.125%

Levobupivacaine 
0.1–0.2%

0–5

(child: 0.02 ml/
kg)

0–6

0–6

2–5

(child: 0.1 ml/
kg)

2–5

2–5

15–30

20–60

20–60

Lower arm 
and hand 
surgery

Axillary: 15–20 ml 
bupivacaine 0.5% or 15–20 ml 
levobupivacaine 0.5%

Bupivacaine 0.25%

Levobupivacaine 
0.1–0.2%

0–10

0–10

2–10

2–10

30–60

30–60

Table 6. List of surgery, operative anesthesia, and postoperative analgesia.
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3.2.4. PCRA sciatic nerve

The sciatica nerve block is particularly indicated for pain management associated with unilat-
eral ankle, and in cases of lower leg operation. It is important to note that the saphenous nerves 
supply the medial aspect of the lower legs, ankles, and even the soles, which are branches of 
the femoral nerve. A single injection sciatica nerve block usually lasts relatively long, up to 
36 h and continuous nerve blocks may be indicated for special cases. Arthroplasty surgery on 
the ankle is a good example requiring a sciatica nerve block. If necessary, it can be combined 
with a saphenous nerve block. For early bolus injections, 0.25 ml/kg of ropivacaine 0.2–0.5% 
or 0.2–0.5% bupivacaine may be used as bolus injection for intra- and postoperative analgesia 
if block is combined with general anesthesia. If used as a single anesthetic, a dose of 0.5 ml/
kg is usually required. With this technique, breakthrough pain is very rare, and patients feel 
comfortable when followed by a continuous dose of 0.1 ml/kg/h in children or 5 ml/h in adults 
with 0.25% ropivacaine or bupivacaine 0.25%. The use of PCRA can give a better effect. High 
PCRA demands are often caused by improper catheter placement. In continuous popliteal 
sciatic block, local anesthetic administered as a programmed intermittent bolus (PIB) in con-
junction with PCA provided similar pain relief as a continuous infusion technique combined 
with PCA. However, the new dosing regimen reduced the need for additional PCA and the 
overall total consumption of local anesthetic [33, 36, 39, 46, 47, 49, 53, 54] (Table 8).

The home release of patients with a peripheral nerve catheter can be performed by various 
techniques such as the patient may be discharged with written instructions, the health worker 

Local anesthesia PCA setting PIB

Continuous (ml/h) Bolus 
(ml)

Lockout 
(min)

Volume 
(ml)

Interval 
(every)

Bupivacaine 0.1–0.25% 0–10 (child: 0.1 ml/kg//h) 5–10 30–60 — —

Ropivacaine 0.2–0.25% 2–8 (child: 0.1 ml/kg/h) 4–15 30–60 30

5–10

4 h

60–75 min

Levobupivacaine 0.125–0.25% 0–5 5–10 20–30 — —

Table 7. Setting of PCRA with catheter in femoral nerve.

Location of sciatic 
catheter

Local anesthesia Setting of PCA

Continuous (ml/h) Bolus on 
demand (ml)

Lockout interval 
(min)

Subgluteus Ropivacaine 0.2% 5–10

(child: 0.1 ml/kg/h)

5–10 30–60

Anterior Ropivacaine 0.2% 5–6 5–10 15–30

Popliteal Ropivacaine 0.2%

Levobupivacaine 0.125%

8–12

3–10

4–10

3–5

30–60

15–60

Table 8. PCRA setting with catheter in sciatic nerve (with or without femoral nerve block).
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large levobupivacaine (15 ml) volumes via paravertebral catheters, every 6 h compared with 
continuous infusions [33, 42, 44, 46] (Table 6).

3.2.3. PCRA femoral nerve

The femoral nerve block is particularly indicated for pain control associated with unilateral 
anterior knee surgery. It is important to remember that the posterior obturator nerve provides 
an articular branch that supplies the posterior aspect of the knee, and this nerve may contrib-
ute to the pain that occurs in the posterior aspect of the knee after knee surgery, even though 
the femoral nerve block is effective. Therefore, additional sciatic nerve block is required if 
surgery is performed in the distal or posterior areas of the knee joint (e.g., on anterior or 
posterior cruciate ligament repair). It is not uncommon to require obturator nerve blocks and/
or sciatic nerve separately, in addition to the femoral nerve block after total knee replacement 
surgery. Often the pain experienced in the posterior knee is short and effectively controlled 
with a single injection block. Continuous femoral nerve block has been shown to improve 
postoperative outcomes of total knee arthroplasty, better than single-shot femoral nerve block 
and continuous epidural [33, 35–39, 46–49].

For early bolus injections, 0.25 ml/kg ropivacaine (0.25–0.5%) or bupivacaine (0.25–0.5%) 
as bolus injection for intra- and postoperative analgesia should be combined with general 
anesthesia. If used as a single anesthetic, a dose of 0.5 ml/kg is usually required. With this 
technique, breakthrough pain is rare, and patients feel comfortable when followed by a con-
tinuous dose of 0.1 ml/kg/h in children or 5 ml/h in adults with 0.25% ropivacaine or bupiva-
caine 0.25%. The use of PCRA can give a better effect. Increased PCRA requirements are often 
caused by improper catheter placement [33, 37, 38, 47, 48, 50–52] (Table 7).

Surgery 
procedure

Anesthesia intraoperative Postoperative PCRA

Medicine Continuous 
(ml/h)

Bolus on 
demand (ml)

Lockout 
interval 
(min)

Shoulder 
surgery

Interscalene catheter: 20–25 ml 
ropivacaine 0.5% or 15–20 ml 
bupivacaine 0.5% + epinephrine 
1:300,000 or 15–20 ml 
levobupivacaine 0.5%

Ropivacaine 0.2%

Bupivacaine 0.1–0.125%

Levobupivacaine 
0.1–0.2%

0–5

(child: 0.02 ml/
kg)

0–6

0–6

2–5

(child: 0.1 ml/
kg)

2–5

2–5

15–30

20–60

20–60

Upper and 
lower arm 
surgery

Infraclavicular or 
supraclavicular catheter: 
20–25 ml ropivacaine 0.5% 
or 15–20 ml bupivacaine 
0.5% + epinephrine 1:300,000 or 
15–20 ml levobupivacaine 0.5%

Ropivacaine 0.2%

Bupivacaine 0.1–0.125%

Levobupivacaine 
0.1–0.2%

0–5

(child: 0.02 ml/
kg)

0–6

0–6

2–5

(child: 0.1 ml/
kg)

2–5

2–5

15–30

20–60

20–60

Lower arm 
and hand 
surgery

Axillary: 15–20 ml 
bupivacaine 0.5% or 15–20 ml 
levobupivacaine 0.5%

Bupivacaine 0.25%

Levobupivacaine 
0.1–0.2%

0–10

0–10

2–10

2–10

30–60

30–60

Table 6. List of surgery, operative anesthesia, and postoperative analgesia.
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3.2.4. PCRA sciatic nerve

The sciatica nerve block is particularly indicated for pain management associated with unilat-
eral ankle, and in cases of lower leg operation. It is important to note that the saphenous nerves 
supply the medial aspect of the lower legs, ankles, and even the soles, which are branches of 
the femoral nerve. A single injection sciatica nerve block usually lasts relatively long, up to 
36 h and continuous nerve blocks may be indicated for special cases. Arthroplasty surgery on 
the ankle is a good example requiring a sciatica nerve block. If necessary, it can be combined 
with a saphenous nerve block. For early bolus injections, 0.25 ml/kg of ropivacaine 0.2–0.5% 
or 0.2–0.5% bupivacaine may be used as bolus injection for intra- and postoperative analgesia 
if block is combined with general anesthesia. If used as a single anesthetic, a dose of 0.5 ml/
kg is usually required. With this technique, breakthrough pain is very rare, and patients feel 
comfortable when followed by a continuous dose of 0.1 ml/kg/h in children or 5 ml/h in adults 
with 0.25% ropivacaine or bupivacaine 0.25%. The use of PCRA can give a better effect. High 
PCRA demands are often caused by improper catheter placement. In continuous popliteal 
sciatic block, local anesthetic administered as a programmed intermittent bolus (PIB) in con-
junction with PCA provided similar pain relief as a continuous infusion technique combined 
with PCA. However, the new dosing regimen reduced the need for additional PCA and the 
overall total consumption of local anesthetic [33, 36, 39, 46, 47, 49, 53, 54] (Table 8).

The home release of patients with a peripheral nerve catheter can be performed by various 
techniques such as the patient may be discharged with written instructions, the health worker 

Local anesthesia PCA setting PIB

Continuous (ml/h) Bolus 
(ml)

Lockout 
(min)

Volume 
(ml)

Interval 
(every)

Bupivacaine 0.1–0.25% 0–10 (child: 0.1 ml/kg//h) 5–10 30–60 — —

Ropivacaine 0.2–0.25% 2–8 (child: 0.1 ml/kg/h) 4–15 30–60 30

5–10

4 h

60–75 min

Levobupivacaine 0.125–0.25% 0–5 5–10 20–30 — —

Table 7. Setting of PCRA with catheter in femoral nerve.

Location of sciatic 
catheter

Local anesthesia Setting of PCA

Continuous (ml/h) Bolus on 
demand (ml)

Lockout interval 
(min)

Subgluteus Ropivacaine 0.2% 5–10

(child: 0.1 ml/kg/h)

5–10 30–60

Anterior Ropivacaine 0.2% 5–6 5–10 15–30

Popliteal Ropivacaine 0.2%

Levobupivacaine 0.125%

8–12

3–10

4–10

3–5

30–60

15–60

Table 8. PCRA setting with catheter in sciatic nerve (with or without femoral nerve block).
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may perform this procedure, or the patient’s caregiver (or sometimes the patient himself) can 
release the catheter with instructions provided by healthcare workers via telephone. Among 
these techniques, there are no procedures that are superior to others. Based on one of the 
surveys, 98% of patients feel comfortable removing their own catheters at home by giving 
instructions via telephone. Only 4% chose to return to health workers to remove catheters, 
and 43% felt comfortable with written instructions. Nonsterile gloves need to be given to 
patients if they intend to remove their own catheter at home. However, if the catheter is done 
by stitching fixation, then it should be removed only by medical personnel [33].

3.3. Field blocks

3.3.1. Transversus abdominis plane block (TAP block)

The TAP block is a novel technique for postoperative analgesia especially in the initial postop-
erative period. TAP block is a technique of locoregional anesthesia that involves the abdomi-
nal wall. This block was recently introduced for operations that involve the abdominal wall. 
The local anesthetic is placed in the plane between transversus abdominis muscle (TAM) and 
the internal oblique muscle (IOM), where there are sensorial afferent bundles of the nerves 
T7 to T12 and L1. The local anesthetic injected in the plane blocks the sensory afferents of all 
these nerves, providing pain relief for the entire anterior abdominal wall. Postoperative pain 
is an important issue with abdominoplasty and flank liposuction procedures. Bupivacaine 
hydrochloride (0.5%, 5 mg/ml, total dose, 2 mg/kg), 0.5% lignocaine, 0.375% bupivacaine 
20 ml, levobupivacaine to a maximum dose of 1 mg/kg each side, and 0.75% ropivacaine up to 
1.5 mg/kg (to a maximum dose of 150 mg) or other local anesthetics are injected bilaterally in 
the plane between the internal oblique muscles and the transversus abdominis muscles using 
a blunt needle, with or without USG guidance or injected directly during the surgical proce-
dure. Doses were increased in order to provide prolonged postoperative analgesia. Prolonged 
analgesic effect can be achieved by continuous blockade using catheter for drug delivery, 
but it is technically more demanding. For abdominal plastic surgery, TAP block to control 
postoperative pain administered after the flap resection and prior to the muscles plication. 
TAP block is used in esthetic abdominoplasty and postbariatric surgery. Compared between 
these two surgical procedures, TAP block gives better pain control in esthetic abdominoplasty 
than in postbariatric surgery. The larger amount of tissue resected in bariatric surgery gives 
greater stimulation of pain fiber. TAP block technique is associated with low postoperative 
requirements for morphine or other pain medication. It has got potential to substitute the use 
of intravenous opioid analgesics and hence to avoid its complications. It has been proved to 
cater significant analgesic effect especially below T10 up to L1 level [55–59].

The TAP block can be done either in preoperative or in postoperative, but because the abdom-
inal wall is intact preoperatively, it is preferred to be done before the surgery. The procedure 
must be done under extreme aseptic technique due to the risk of peritoneum penetration. The 
patient is positioned supine in both techniques [60]. There are two common techniques for 
TAP block [57–61]: (1) The blind TAP: the point of entry for the blind TAP is the lumber tri-
angle of Petit. The needle is inserted cephalad to the iliac crest and advanced until two distinct 
“pops” are felt as the needle transverses the external oblique and internal oblique muscles. 
To make the loss of resistance more appreciable, it is recommended to use a blunt needle. 
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(2) The ultrasound-guided TAP: the ultrasound probe is placed midway between the costal 
margin and the iliac crest to image in the transverse plane. The muscle layers are identified on 
the ultrasound image. The needle is gradually passed through the skin, subcutaneous tissue, 
EO, and IO, until it lies between the IO and TA—this is where the local anesthetic should be 
injected (Figure 4 and Table 9).

3.3.2. Continuous wound infusion system

Continuous wound infusion of local anesthetic will block the transmission of nociceptive 
stimuli from the wound surface, inhibit response of local inflammation to surgical wound, 
and suppress the spinal cord from systemic absorption of local anesthetics. Currently, this 
special wound infusion catheter can be inserted intra- and perioperatively into the wound. Liu 
et al. performed a meta-analysis on the available randomized controlled trials (RCTs). Forty-
four prospective randomized trials met the inclusion criteria for analysis. Overall results and 

Figure 4. Landmark (a), USG guide (b), and location of TAP injection (c) [60].
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may perform this procedure, or the patient’s caregiver (or sometimes the patient himself) can 
release the catheter with instructions provided by healthcare workers via telephone. Among 
these techniques, there are no procedures that are superior to others. Based on one of the 
surveys, 98% of patients feel comfortable removing their own catheters at home by giving 
instructions via telephone. Only 4% chose to return to health workers to remove catheters, 
and 43% felt comfortable with written instructions. Nonsterile gloves need to be given to 
patients if they intend to remove their own catheter at home. However, if the catheter is done 
by stitching fixation, then it should be removed only by medical personnel [33].

3.3. Field blocks

3.3.1. Transversus abdominis plane block (TAP block)

The TAP block is a novel technique for postoperative analgesia especially in the initial postop-
erative period. TAP block is a technique of locoregional anesthesia that involves the abdomi-
nal wall. This block was recently introduced for operations that involve the abdominal wall. 
The local anesthetic is placed in the plane between transversus abdominis muscle (TAM) and 
the internal oblique muscle (IOM), where there are sensorial afferent bundles of the nerves 
T7 to T12 and L1. The local anesthetic injected in the plane blocks the sensory afferents of all 
these nerves, providing pain relief for the entire anterior abdominal wall. Postoperative pain 
is an important issue with abdominoplasty and flank liposuction procedures. Bupivacaine 
hydrochloride (0.5%, 5 mg/ml, total dose, 2 mg/kg), 0.5% lignocaine, 0.375% bupivacaine 
20 ml, levobupivacaine to a maximum dose of 1 mg/kg each side, and 0.75% ropivacaine up to 
1.5 mg/kg (to a maximum dose of 150 mg) or other local anesthetics are injected bilaterally in 
the plane between the internal oblique muscles and the transversus abdominis muscles using 
a blunt needle, with or without USG guidance or injected directly during the surgical proce-
dure. Doses were increased in order to provide prolonged postoperative analgesia. Prolonged 
analgesic effect can be achieved by continuous blockade using catheter for drug delivery, 
but it is technically more demanding. For abdominal plastic surgery, TAP block to control 
postoperative pain administered after the flap resection and prior to the muscles plication. 
TAP block is used in esthetic abdominoplasty and postbariatric surgery. Compared between 
these two surgical procedures, TAP block gives better pain control in esthetic abdominoplasty 
than in postbariatric surgery. The larger amount of tissue resected in bariatric surgery gives 
greater stimulation of pain fiber. TAP block technique is associated with low postoperative 
requirements for morphine or other pain medication. It has got potential to substitute the use 
of intravenous opioid analgesics and hence to avoid its complications. It has been proved to 
cater significant analgesic effect especially below T10 up to L1 level [55–59].

The TAP block can be done either in preoperative or in postoperative, but because the abdom-
inal wall is intact preoperatively, it is preferred to be done before the surgery. The procedure 
must be done under extreme aseptic technique due to the risk of peritoneum penetration. The 
patient is positioned supine in both techniques [60]. There are two common techniques for 
TAP block [57–61]: (1) The blind TAP: the point of entry for the blind TAP is the lumber tri-
angle of Petit. The needle is inserted cephalad to the iliac crest and advanced until two distinct 
“pops” are felt as the needle transverses the external oblique and internal oblique muscles. 
To make the loss of resistance more appreciable, it is recommended to use a blunt needle. 
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(2) The ultrasound-guided TAP: the ultrasound probe is placed midway between the costal 
margin and the iliac crest to image in the transverse plane. The muscle layers are identified on 
the ultrasound image. The needle is gradually passed through the skin, subcutaneous tissue, 
EO, and IO, until it lies between the IO and TA—this is where the local anesthetic should be 
injected (Figure 4 and Table 9).

3.3.2. Continuous wound infusion system

Continuous wound infusion of local anesthetic will block the transmission of nociceptive 
stimuli from the wound surface, inhibit response of local inflammation to surgical wound, 
and suppress the spinal cord from systemic absorption of local anesthetics. Currently, this 
special wound infusion catheter can be inserted intra- and perioperatively into the wound. Liu 
et al. performed a meta-analysis on the available randomized controlled trials (RCTs). Forty-
four prospective randomized trials met the inclusion criteria for analysis. Overall results and 

Figure 4. Landmark (a), USG guide (b), and location of TAP injection (c) [60].
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all subgroup analysis showed that continuous local anesthetic infusion improved pain scores 
and decreased the need for supplemental narcotics. These results were statistically significant. 
Another randomized controlled trials had been done to examine the efficacy of this system in 
pain management, from the trials when compared with placebo, and this system can reduce 
the pain score as much as 33%. It is recommended that in the absence of neuraxial blocks or 
peripheral nerve blocks, wound infiltration should be performed whenever possible [6, 62–65].

To deliver continuous wound infusion, we can use a pain pump that has been studied in vari-
ous types of surgical procedures. Although pain pumps have been used in many surgical pro-
cedures, their use is relatively new in plastic surgery. The catheter is placed in the surgical site 
and local anesthetics are delivered to the site. Typically, using 0.25% bupivacaine or 0.25–0.5% 
ropivacaine can be infused continuously, bolused, or delivered via a patient-controlled deliv-
ery system. The 0.25% bupivacaine is usually infused at 2 ml/h for 48 h, delivering 120 mg per 
day. This is well below the recommended maximum dose of 400 mg in 24 h [6, 62, 63, 65, 66]. 
Baroody et al. [67], in a study of 16 patients with autologous latissimus dorsi breast reconstruc-
tion with historical controls, showed that continuous infusion of 0.25% bupivacaine, 2.08 ml/h, 
decreased pain level and significantly used less opioid in the postoperative period. They also 
observed that there was a reduction in PONV. Lu and Fine [68] published a study of the use of 
indwelling catheters for the continuous infiltration of bupivacaine using pain pump in 74 con-
secutive breast reductions and 74 consecutive tissue expander breast reconstruction patients, 
and each group was compared with patients receiving conventional analgesia. Pain and aver-
age pain score was significantly lower, but do not eliminate pain, in the pain pump group 
than in the comparison group, as were cumulative amounts of pain medications. There were 
no statistically significant differences in the number of complications or in the rate of PONV.

One study found that there was a 91–93% overall patient satisfaction with the pain pumps, 
which was statistically significantly greater than the saline group satisfaction rate. There 
was significant improvement in patient satisfaction in the bupivacaine group, and their PCA 
narcotic use was decreased in the first 48 h [62]. Giordano et al. [69] in their study about 
abdominal donor site analgesia in patients undergoing free lower abdominal flap breast 
reconstruction comparing pain pump use vs. control found a significantly decreased use of 
opioids after using pain pump vs. control and a trend toward reduction in the antiemetic 
medicament use and shorter hospital stay. One thing to be kept in mind is that the surgeon 
and anesthetist must be aware of the risk of local anesthetic systemic toxicity, although it is 
very rare. Care must be taken not to exceed the daily maximum dose of local anesthetics, 

Complications Contraindications

Absolute Relative

Local anesthetic toxicity Patient refusal Coagulopathy

Intraperitoneal injection Allergy to local anesthetic Surgery at injection site

Bowel injury Localized infection over injection point

Hepatic injury

Table 9. Complication and contraindication of TAP block [60].
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including the amount infiltrated with surgery as well as the total amount infused via the pain 
pump [62, 66, 70, 71]. Even though pain pump is popular, the cost-effectiveness of these pain 
pumps needs further investigation.

3.3.3. Tumescent analgesia

Tumescent analgesia (TA) is a part of local anesthesia using a very dilute local anesthetic, which 
delivered subcutaneously in a large volume of fluid. In plastic surgery, TA can be used alone 
or with sedation to achieve intraoperative analgesia. It can also be used along with neuraxial 
analgesia or general anesthesia to get postoperative analgesia and lower intraoperative anes-
thesia. This technique was used most commonly in liposuction, but can also be used in other 
plastic surgeries such as subcutaneous mass excisions and scar revisions, excisional body con-
touring (abdominoplasty, body lifts, arm lifts, and thigh lifts), breast augmentation, reduction, 
mastopexy, gynecomastia, and capsular contracture revision, mastectomy, burn excision and 
skin grafting, skin procedures (dermabrasion and laser resurfacing), face and neck lifts, and hair 
grafting. TA can be used in other procedures to decrease intra- and postoperative pain, allowing 
less use or elimination of anesthesia and opioids. The addition of diluted epinephrine in TA leads 
to vasoconstriction that can significantly lower the blood loss, minimizing bruising, and post-
operative soreness. The advantages of TA are fewer narcotic use, less sedation, and less general 
anesthesia needed, faster recovery, and earlier discharge. These advantages could prevent the 
use of general anesthesia and decrease the possibility of pulmonary thromboembolism [72–76].

TA fluid formula is based on 1000 ml of either 0.9% saline or ringer lactate solution. When 
the tumescent technique is used with general anesthesia, the concentration of epinephrine is 
1:1,000,000. This solution can be added with bupivacaine, lidocaine, hyaluronidase, or triam-
cinolone 10 mg/L and has also been used to decrease ecchymosis and edema, but there is a 
little comparative evidence regarding its usefulness. Lidocaine is most commonly used as a 
local anesthetic in TA. The recommended maximum dose of lidocaine used for TA is differ-
ent compared to a traditional local infiltration (Table 10). Bupivacaine can be used alone or 
with lidocaine. A patient who received bupivacaine has a shorter hospital stay. If the patient 
is allergic to lidocaine, prilocaine can be used instead. The recommended dose of prilocaine 
of 8 mg/kg for small volume liposuction and doses up to 35 mg/kg is safe. Patient should be 
monitored for 12 h after administration of prilocaine to evaluate if there are methemoglobin-
emia sign and symptoms such as a headache, dyspnea, lightheadedness, weakness, confu-
sion, delirium, palpitations, chest pain, cyanosis, dysrhythmias, seizures, coma, acidosis, and 
cardiac or neurologic ischemia and should be precautious in liver patients [72–76].

Tumescent fluid is administered with an 18G long spinal needle for a small procedure or blunt 
infiltration cannula for the larger procedures. Before TA is given, lidocaine 1% and 1:100,000 
epinephrine is injected intradermally to decrease skin bleeding. Plasma peak of lidocaine is 
seen 10–14 h after its administration, but in the highly vascularized area, the peak of lidocaine 
reaches in 6 h. Monitoring should be extended in a patient who receives high dose of lidocaine. 
Lidocaine toxicity is suspected in a patient with restlessness, drowsiness, light-headedness, 
metallic taste, tinnitus, slurred speech, and numbness in lips and tongue, shivering, muscle 
twitching, tremors followed by convulsion, central nervous system depression, coma, respira-
tory depression, and cardiac arrest. If signs of toxicity appear, stop infusion of fluids with 
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all subgroup analysis showed that continuous local anesthetic infusion improved pain scores 
and decreased the need for supplemental narcotics. These results were statistically significant. 
Another randomized controlled trials had been done to examine the efficacy of this system in 
pain management, from the trials when compared with placebo, and this system can reduce 
the pain score as much as 33%. It is recommended that in the absence of neuraxial blocks or 
peripheral nerve blocks, wound infiltration should be performed whenever possible [6, 62–65].

To deliver continuous wound infusion, we can use a pain pump that has been studied in vari-
ous types of surgical procedures. Although pain pumps have been used in many surgical pro-
cedures, their use is relatively new in plastic surgery. The catheter is placed in the surgical site 
and local anesthetics are delivered to the site. Typically, using 0.25% bupivacaine or 0.25–0.5% 
ropivacaine can be infused continuously, bolused, or delivered via a patient-controlled deliv-
ery system. The 0.25% bupivacaine is usually infused at 2 ml/h for 48 h, delivering 120 mg per 
day. This is well below the recommended maximum dose of 400 mg in 24 h [6, 62, 63, 65, 66]. 
Baroody et al. [67], in a study of 16 patients with autologous latissimus dorsi breast reconstruc-
tion with historical controls, showed that continuous infusion of 0.25% bupivacaine, 2.08 ml/h, 
decreased pain level and significantly used less opioid in the postoperative period. They also 
observed that there was a reduction in PONV. Lu and Fine [68] published a study of the use of 
indwelling catheters for the continuous infiltration of bupivacaine using pain pump in 74 con-
secutive breast reductions and 74 consecutive tissue expander breast reconstruction patients, 
and each group was compared with patients receiving conventional analgesia. Pain and aver-
age pain score was significantly lower, but do not eliminate pain, in the pain pump group 
than in the comparison group, as were cumulative amounts of pain medications. There were 
no statistically significant differences in the number of complications or in the rate of PONV.

One study found that there was a 91–93% overall patient satisfaction with the pain pumps, 
which was statistically significantly greater than the saline group satisfaction rate. There 
was significant improvement in patient satisfaction in the bupivacaine group, and their PCA 
narcotic use was decreased in the first 48 h [62]. Giordano et al. [69] in their study about 
abdominal donor site analgesia in patients undergoing free lower abdominal flap breast 
reconstruction comparing pain pump use vs. control found a significantly decreased use of 
opioids after using pain pump vs. control and a trend toward reduction in the antiemetic 
medicament use and shorter hospital stay. One thing to be kept in mind is that the surgeon 
and anesthetist must be aware of the risk of local anesthetic systemic toxicity, although it is 
very rare. Care must be taken not to exceed the daily maximum dose of local anesthetics, 

Complications Contraindications

Absolute Relative

Local anesthetic toxicity Patient refusal Coagulopathy

Intraperitoneal injection Allergy to local anesthetic Surgery at injection site

Bowel injury Localized infection over injection point

Hepatic injury

Table 9. Complication and contraindication of TAP block [60].
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including the amount infiltrated with surgery as well as the total amount infused via the pain 
pump [62, 66, 70, 71]. Even though pain pump is popular, the cost-effectiveness of these pain 
pumps needs further investigation.

3.3.3. Tumescent analgesia

Tumescent analgesia (TA) is a part of local anesthesia using a very dilute local anesthetic, which 
delivered subcutaneously in a large volume of fluid. In plastic surgery, TA can be used alone 
or with sedation to achieve intraoperative analgesia. It can also be used along with neuraxial 
analgesia or general anesthesia to get postoperative analgesia and lower intraoperative anes-
thesia. This technique was used most commonly in liposuction, but can also be used in other 
plastic surgeries such as subcutaneous mass excisions and scar revisions, excisional body con-
touring (abdominoplasty, body lifts, arm lifts, and thigh lifts), breast augmentation, reduction, 
mastopexy, gynecomastia, and capsular contracture revision, mastectomy, burn excision and 
skin grafting, skin procedures (dermabrasion and laser resurfacing), face and neck lifts, and hair 
grafting. TA can be used in other procedures to decrease intra- and postoperative pain, allowing 
less use or elimination of anesthesia and opioids. The addition of diluted epinephrine in TA leads 
to vasoconstriction that can significantly lower the blood loss, minimizing bruising, and post-
operative soreness. The advantages of TA are fewer narcotic use, less sedation, and less general 
anesthesia needed, faster recovery, and earlier discharge. These advantages could prevent the 
use of general anesthesia and decrease the possibility of pulmonary thromboembolism [72–76].

TA fluid formula is based on 1000 ml of either 0.9% saline or ringer lactate solution. When 
the tumescent technique is used with general anesthesia, the concentration of epinephrine is 
1:1,000,000. This solution can be added with bupivacaine, lidocaine, hyaluronidase, or triam-
cinolone 10 mg/L and has also been used to decrease ecchymosis and edema, but there is a 
little comparative evidence regarding its usefulness. Lidocaine is most commonly used as a 
local anesthetic in TA. The recommended maximum dose of lidocaine used for TA is differ-
ent compared to a traditional local infiltration (Table 10). Bupivacaine can be used alone or 
with lidocaine. A patient who received bupivacaine has a shorter hospital stay. If the patient 
is allergic to lidocaine, prilocaine can be used instead. The recommended dose of prilocaine 
of 8 mg/kg for small volume liposuction and doses up to 35 mg/kg is safe. Patient should be 
monitored for 12 h after administration of prilocaine to evaluate if there are methemoglobin-
emia sign and symptoms such as a headache, dyspnea, lightheadedness, weakness, confu-
sion, delirium, palpitations, chest pain, cyanosis, dysrhythmias, seizures, coma, acidosis, and 
cardiac or neurologic ischemia and should be precautious in liver patients [72–76].

Tumescent fluid is administered with an 18G long spinal needle for a small procedure or blunt 
infiltration cannula for the larger procedures. Before TA is given, lidocaine 1% and 1:100,000 
epinephrine is injected intradermally to decrease skin bleeding. Plasma peak of lidocaine is 
seen 10–14 h after its administration, but in the highly vascularized area, the peak of lidocaine 
reaches in 6 h. Monitoring should be extended in a patient who receives high dose of lidocaine. 
Lidocaine toxicity is suspected in a patient with restlessness, drowsiness, light-headedness, 
metallic taste, tinnitus, slurred speech, and numbness in lips and tongue, shivering, muscle 
twitching, tremors followed by convulsion, central nervous system depression, coma, respira-
tory depression, and cardiac arrest. If signs of toxicity appear, stop infusion of fluids with 
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local anesthetics, protect airway and oxygenation, call for help, and give benzodiazepines if 
seizures happened. Manage arrhythmia based on ACLS guidelines but avoid lidocaine, give 
lipid emulsion therapy if cardiac or neurological event persists [70–73].

Discomfort during injection of lidocaine can be decreased with the addition of sodium bicar-
bonate. Sodium bicarbonate is contraindicated as addition to bupivacaine because it can pre-
cipitate the solution. High volumes of TA infusion have a risk of intravascular fluid overload 
with cardiac and pulmonary effect. In a patient with cardiac, pulmonary, or renal pathology, 
the pros and cons of TA must be considered with the limitation of the injected volume. Patient 
with high-volume TA can have a risk of mild hyponatremia and hypokalemia, lowering 
body temperature with impaired thermoregulatory system, and acute nerve compression. 
Administration of TA at 37°C can decrease the risk of hypothermia. In a patient with nerve 
compression, this condition can be resolved after giving diuretics [72, 73].

4. Conclusion

The patients who undergo plastic surgery procedure can experience various types of pain, 
including background pain, breakthrough pain, and procedural pain. Treatment for each type 
of plastic surgery and resulted pain requires a specific approach and must be individualized 
to the patient. There are three main techniques in acute pain management postoperatively, 
such as systemic analgesia, regional analgesia, and local/topical analgesia. Currently, pain 
management through intravenous injection or continuous central neuraxial and peripheral 
nerve block is more controllable and safer since the invention of pain pump, which commonly 
use the principal of patient-controlled analgesia. Multimodal treatment seems to have sig-
nificant benefits, postoperative dosing becomes more complex, and adverse drug interactions 
and drug overdose become more likely. There is some combination that has demonstrated a 
good effect in multimodal analgesia. PCA intravenous, patient-controlled epidural analgesia 
(PCEA) and patient-controlled regional analgesia (PCRA) can be combined with other pain 

Medication Concentration (%) Maximum dose range

Without epinephrine 
(mg/kg) for TA

With epinephrine 
(mg/kg) for TA

“Traditional local infiltration” 
dose with and without 
epinephrine (mg/kg)

Lidocaine 1.0 30–60 90–120 4–7

Bupivacaine 0.25 120–240 180 2.5–3

Ropivacaine 0.2 120–360 120–360 2.7

Mepivacaine 1.0 45–90 120 4–7

Etidocaine 0.5 120–180 180 4–5.5

Epinephrine (1:1000) 1:1000 0.5–2 ml of 1:1000

Sodium bicarbonate 
(8.4%)

8.4 10–12.5 ml —

Table 10. Common tumescent analgesia concentration and dose.
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killers, such as paracetamol, NSAIDs, alpha-2-delta modulators (gabapentin and pregabalin), 
N-methyl-D-aspartate (NMDA) antagonists (ketamine and magnesium), alpha-2-agonists 
(clonidine and dexmedetomidine), TAP block, continuous wound infusion system using pain 
pump, and tumescent analgesia with local anesthetic.
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local anesthetics, protect airway and oxygenation, call for help, and give benzodiazepines if 
seizures happened. Manage arrhythmia based on ACLS guidelines but avoid lidocaine, give 
lipid emulsion therapy if cardiac or neurological event persists [70–73].

Discomfort during injection of lidocaine can be decreased with the addition of sodium bicar-
bonate. Sodium bicarbonate is contraindicated as addition to bupivacaine because it can pre-
cipitate the solution. High volumes of TA infusion have a risk of intravascular fluid overload 
with cardiac and pulmonary effect. In a patient with cardiac, pulmonary, or renal pathology, 
the pros and cons of TA must be considered with the limitation of the injected volume. Patient 
with high-volume TA can have a risk of mild hyponatremia and hypokalemia, lowering 
body temperature with impaired thermoregulatory system, and acute nerve compression. 
Administration of TA at 37°C can decrease the risk of hypothermia. In a patient with nerve 
compression, this condition can be resolved after giving diuretics [72, 73].

4. Conclusion

The patients who undergo plastic surgery procedure can experience various types of pain, 
including background pain, breakthrough pain, and procedural pain. Treatment for each type 
of plastic surgery and resulted pain requires a specific approach and must be individualized 
to the patient. There are three main techniques in acute pain management postoperatively, 
such as systemic analgesia, regional analgesia, and local/topical analgesia. Currently, pain 
management through intravenous injection or continuous central neuraxial and peripheral 
nerve block is more controllable and safer since the invention of pain pump, which commonly 
use the principal of patient-controlled analgesia. Multimodal treatment seems to have sig-
nificant benefits, postoperative dosing becomes more complex, and adverse drug interactions 
and drug overdose become more likely. There is some combination that has demonstrated a 
good effect in multimodal analgesia. PCA intravenous, patient-controlled epidural analgesia 
(PCEA) and patient-controlled regional analgesia (PCRA) can be combined with other pain 
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(mg/kg) for TA
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“Traditional local infiltration” 
dose with and without 
epinephrine (mg/kg)

Lidocaine 1.0 30–60 90–120 4–7
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Ropivacaine 0.2 120–360 120–360 2.7

Mepivacaine 1.0 45–90 120 4–7

Etidocaine 0.5 120–180 180 4–5.5

Epinephrine (1:1000) 1:1000 0.5–2 ml of 1:1000

Sodium bicarbonate 
(8.4%)

8.4 10–12.5 ml —

Table 10. Common tumescent analgesia concentration and dose.
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killers, such as paracetamol, NSAIDs, alpha-2-delta modulators (gabapentin and pregabalin), 
N-methyl-D-aspartate (NMDA) antagonists (ketamine and magnesium), alpha-2-agonists 
(clonidine and dexmedetomidine), TAP block, continuous wound infusion system using pain 
pump, and tumescent analgesia with local anesthetic.
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Abstract

Anesthetic complications in the perioperative period in plastic surgery are extremely rare, 
although they can be catastrophic and sometimes fatal. The proper selection and correct 
preoperative assessment of patients are the key to stay away from unwanted events. 
Preanesthesia evaluation is mandatory in each patient and must include clinical history, 
complete physical examination, and routine and special laboratory tests in patients with 
associated pathologies. Anesthetic management is based on these results, type of surgery, 
experience of the anesthesiologist, and the operating environment. The anesthetic technique 
can be local, regional, or general with standard noninvasive monitoring. It is recommended 
that an anesthesiologist be present in all plastic surgery procedures. Complications are 
usually the result of moving away from the guidelines already established for an excellent 
practice or the result of sentinel events rather than human errors. Pulmonary embolism is 
probably the most feared complication, with soft tissue infections being the most frequent 
complication in plastic surgery. Less common complications include arrhythmias, overhy-
dration, allergies, bleeding, skin necrosis, dehiscence of wounds, brain damage, and dead. 
Anesthesiologists, surgeons, nurses, and all personnel involved in the care of these patients 
must work as a team of highly qualified and updated professionals.

Keywords: anesthesia, plastic surgery, perioperative complications

1. Introduction

Patients who consult a plastic surgeon do so with the purpose of improving their body appear-
ance to achieve the image of a beautiful body, increase their self-esteem, and to be more com-
petitive in a globalized world where appearance is a determinant of success. Most are people 
looking for various alternatives during long time; they search on the Internet, with friends, with 
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patients, in local or distant locations from their place of residence, inside or outside of their coun-
try. Some of them make face-to-face consultations with several plastic surgeons before deciding 
where to have surgery [1]. They seek perfection and full satisfaction to their demands, the best 
prices, and high expectations with each planned surgical procedure. Complications—small or 
catastrophic—have no place in the final results. Medical care for these people with special expec-
tancies is a continuous defy, a constant challenge that keeps us at the top of our professional 
practice and able to achieve excellent results while keeping us competitive in a growing medical 
market [2, 3]. Fortunately, complications in this clinical environment are rare but often are cata-
strophic and, to a lesser extent, can be fatal. As in other areas of surgery-anesthesia, adherence to 
existing guidelines and recommendations is mandatory to avoid any possible unwanted effects.

In recent years, there has been an increase in litigation against the medical profession— 
justified or not—increasing the costs of health care [4, 5].

The aim of this chapter is to review several aspects related to complications that may occur in 
the perioperative period of people who undergo plastic surgery procedures under anesthesia.

2. Significant general subjects

In this clinical setting, there are certain general features of paramount importance that should 
always receive proper attention to avoid unexpected complications. Like any other types of 
surgical patients, people who desire plastic surgery should be meticulously evaluated regard-
less of the opinion of the plastic surgeon or the anesthesiologist involved. Standards and 
guidelines have been described with loose criteria or very strict principles according to the 
experiences of their authors. The main idea is to study these patients regarding factors that 
may be important to prevent unfortunate outcomes and staying away from unorthodox prac-
tices of our profession [6].

2.1. Optimal preoperative evaluation

The preanesthetic-preoperative assessment is vital and of paramount importance in all 
patients who undergo plastic surgery. This clinical assessment is an easy, inexpensive, and 
essential way to decrease catastrophic incidents and complications. Unfortunately, these 
patients are often considered healthy by their doctors and are not adequately reviewed as 
determined by the respective certified standards.

During the preanesthetic evaluation, two major groups will be considered; the healthy people 
and the patients with systemic pathologies that modify their physical conditions (ASA). The 
evolution and marketing of plastic surgery have generated a third special group of patients—
healthy or sick—who travel long distances in search of various aesthetic or reconstructive 
procedures. This group of patient-tourists has special characteristics that are challenging for 
the medical group, peculiarities that must be properly evaluated before the patients begin 
their trip to the surgical destination chosen by them or immediately after their arrival.

Preoperative assessment includes a complete medical history with physical examination. 
Laboratory and other exams are tailored to each patient depending on their past medical 
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history and findings on previous exams. The current trend is to minimize this type of tests; 
however, when a perioperative complication occurs and the so-called routine tests (CBC, 
blood chemistry, blood clotting, blood group) were not carried out, the plaintiffs will have 
arguments against the medical-surgical team, which is why it is prudent to perform routine 
exams, leaving the electrocardiogram for hypertensive patients, patients with history of heart 
disease, diabetics, and healthy people over 50 years old. Table 1 lists the usual exams for all 
types of patients.

2.2. Informed consent

The patient, his/her relatives, or companions must be properly informed about the technical 
aspects and risks of surgery and anesthesia. This document is an indicator of communica-
tion between patients and their physicians and should be as complete as possible. While it is 
almost absurd to mention every risk inherent in each procedure, it is vital to mention the most 
frequent complications and talk about the possibility of catastrophic mishaps, always leaving 

Parameters ASA 1 ASA 2–3 Observations

Clinical history Yes Yes The general and oriented clinical review made by the 
anesthesiologist anticipates problems such as difficult 
airway, spinal anomalies, mental alterations, family 
environment, and possibility of a lawsuit

Physical examination Yes Yes

Specialist consultation NE Yes It is prudent to know the opinion of the geriatrician, 
pulmonologist, cardiologist, endocrinologist, surgeon, 
family therapist in search of polypharmacy, drug 
interactions, etc.

Electrocardiogram Only >50  
years old

Yes Arrhythmias, ischemia, growth, or dilatation of heart 
cavities

Chest X-ray NE Yes Useful in smokers, suspected tuberculosis, neoplasms, 
emphysema, and kyphosis

Echocardiogram No R Compulsory study in patients with severe arterial 
hypertension, ischemic patients, and patients with dilated 
cardiomyopathy

Spirometry No R Its usefulness has not been demonstrated; however, it is 
recommended in chronic pneumopathy and smokers

Blood test Yes Yes Diagnosis of subclinical anemia

Coagulation tests Yes Yes TP, TPT, INR, and bleeding time are mandatory in 
anticoagulants, hepatocellular damage, severe sepsis, 
prolonged fasting, and extreme malnutrition

Complete blood chemistry Yes Yes Kidney, hepatocellular, metabolic and electrolyte evaluation

Urinalysis NE Yes Loss of blood and proteins, changes in urine density

HIV, hepatitis, drugs, and 
pregnancy

R R They are requested based on the clinical history and 
experience data. HIV is prudent for the protection of 
medical and paramedical personnel

NE = not essential; R = recommendable.

Table 1. Complete parameters in the preoperative assessment in plastic surgery.
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open communication for any questions they might have. Although a well-informed consent 
does not exempt us from the responsibility of a serious failure, its absence has been a reason 
of demand in plastic surgery up to 43.8% [5].

2.3. The surgical unit

Surgical units located outside hospitals for outpatient and short-stay procedures in plastic surgery 
started in the 1960s [7] and rapidly expanded. Currently, most plastic surgeons want to have their 
own surgical unit. In these surgical units, surgical and nonsurgical procedures are performed; 
from Botox injection, fillers, CO2 laser, minimally invasive surgeries such as hair transplantation 
to major surgeries such as abdominoplasty, breast reconstruction, body contouring procedures in 
post bariatric patients, and many more. Safety of each patient is the gold standard [8].

Although this type of surgery/anesthesia is valid from a point of view of functionality, result-
ing in lower costs and generating a higher income, it is prudent to mention that not these 
surgical units meet the normative requirements, transforming into surgical taverns [7], which 
could increase the possibility of considerable risks. Performing anesthesia outside a tradi-
tional hospital surgical room has gained popularity, and high-risk surgeries on ASA 2 and 
even some ASA 3 patients are frequently intervened in this area. Sometimes these scenarios 
are comparable to performing anesthesia outside the operating room [9–11], it is normative 
to have well-equipped anesthesia machines, standard monitoring (noninvasive blood pres-
sure, electrocardiogram, oximetry, capnography, temperature), monitored recovery area, and 
well-trained nursing personnel, which ensures a morbidity-mortality rate comparable to that 
expected in a hospital operating room [10]. It is advisable to have equipment to avoid periop-
erative hypothermia as well as noninvasive ventilatory assistance equipment. Implementing 
WHO recommendations in relation to a surgical safety checklist allowed Rosenberg et al. [12] 
to reduce complications from 11.9 to 2.72% (p = 0.0006). These investigators optimized medi-
cal resource from 90.9 to 99.5% (p < 0.0001). Verbal confirmation on precautions on toxicity 
by local anesthetics increased from 0 to 91.3% (p < 0.0001), among other improvements. These 
authors also evaluated patient satisfaction, which increased from 57 to 90.8% (p < 0.0001). The 
current surgical room team must balance the safety and comfort of the patient and the medi-
cal group; light, sound, climate, air, temperature, humidity, ventilation, drafts, and noise are 
having a safer, efficient, and more professional environment [13].

The staff of ambulatory surgical units must receive continuing education to keep their certifi-
cation up-to-date: surgeons, anesthesiologists, nurses, secretaries, and well-qualified admin-
istrators are required to ensure excellence. Simulation and educational programs enhance 
safety and make medical-surgical care systems more effective. Shapiro and his group [14] 
used a high-fidelity simulator mimicking various critical scenarios in a plastic surgery setting 
with a special regard to equipment training, communication, crisis, adherence to evidence-
based protocols, and regulatory standards. They observed a high degree of acceptance and 
validity, arousing the participant’s interest in the importance of changing processes that 
improve patient safety and avoid errors. A prospective study on the safety of office-based 
surgery in Florida and Alabama, USA [15]—where reporting adverse events is manda-
tory—reviewed complicated events for 10 and 6 years, respectively, and found 46 deaths in 
Florida and 263 complicated procedures that required moving patients to nearby hospitals;  
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56.5% (26/46) were deaths and 49.8% (131/263) of the hospital transfers were related to cos-
metic surgery. Of these, 67% of deaths and 74% of hospital transfers had been managed under 
general anesthesia. Liposuction, abdominoplasty with liposuction, and other cosmetic sur-
geries were related to 10 deaths and 34 hospital transfers. Only 38% of the units reporting 
adverse events were accredited, 93% of physicians were certified, and 98% had privileges 
in hospitals. Plastic surgeons reported the most events (45%). In 6 years, in Alabama, there 
were three deaths and 49 complications and hospital transfers; 42% (22/55) of the transfers 
and no deaths were associated with cosmetic surgery; 86% were done under general anesthe-
sia. There were only two patients with complicated liposuction who were transferred to the 
hospital. Unlike units in Florida, 71% of units in Alabama were certified, with 100% certified 
surgeons. Plastic surgeons reported most events (42.3%). In both states, the complications of 
dermatologists were minimal or absent because their procedures are less invasive and with 
local or regional anesthesia. It is desirable that medical groups and health authorities establish 
a mandatory system that monitors deleterious events in this type of surgical environment to 
improve current guidelines based on the reality of each country or geographic region studied 
and can determine the permissible frequency of complicated events in plastic surgery [16].

There are several Government health agencies in charge of the certification of these surgical 
units that have the common goal of providing a similar and safe environment in this type of 
establishments. In Mexico, COFEPRIS and the Federal Sanitary System are responsible for 
verifying the functionality of this type of surgical units; from 2013 to February 2015, verified 
1209 clinics provide cosmetic surgery services and found irregularities in 115, and 66 clinics 
were closed [17]. In the United States of America, the Joint Commission for Accreditation 
of Hospital Organizations (JCAHO), American Association for Accreditation of Ambulatory 
Surgery Facility (AAAASF), and American Osteopathic Association’s Healthcare Facilities 
Accreditation Program (HFAP) [18] are the organizations that regulate these aspects.

2.4. Patient safety

Perioperative safety is the primary goal in the comprehensive care of all patients; anesthesi-
ologists, surgeons, nurses, paramedical staff, and health system administrators have devel-
oped guidelines aimed at improving safety in this surgical environment by strengthening 
preventive measures, assessment, pre-trans, and postoperative care to avoid complications. 
Some groups go beyond the usual recovery time, using pharmacological programs to reduce 
the incidence of chronic postoperative pain.

In the operating room, patient safety is a shared responsibility between professionals and staff 
who interact directly or indirectly with patients. As anesthesiologists, our responsibility ranges 
from patient assessment, anesthesia technique, and immediate recovery, although it can be 
extended beyond this moment when we use drugs with prolonged pharmacological effects, 
either as a delayed action or as chronic damage as is the case of arachnoiditis, chronic post-
operative pain and perhaps CNS effects of general anesthesia for neonates could be included. 
Adequate monitoring (cardiorespiratory, temperature, neurological, metabolic, or neuromus-
cular blocking effects), the position of the patient in the operating table to avoid neurovascular 
compression injuries, the placement of antiembolic devices, maintenance of normothermia, 
facial and ocular protection, positioning the head, and avoiding burns and fires are just some 
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Surgery Facility (AAAASF), and American Osteopathic Association’s Healthcare Facilities 
Accreditation Program (HFAP) [18] are the organizations that regulate these aspects.

2.4. Patient safety

Perioperative safety is the primary goal in the comprehensive care of all patients; anesthesi-
ologists, surgeons, nurses, paramedical staff, and health system administrators have devel-
oped guidelines aimed at improving safety in this surgical environment by strengthening 
preventive measures, assessment, pre-trans, and postoperative care to avoid complications. 
Some groups go beyond the usual recovery time, using pharmacological programs to reduce 
the incidence of chronic postoperative pain.

In the operating room, patient safety is a shared responsibility between professionals and staff 
who interact directly or indirectly with patients. As anesthesiologists, our responsibility ranges 
from patient assessment, anesthesia technique, and immediate recovery, although it can be 
extended beyond this moment when we use drugs with prolonged pharmacological effects, 
either as a delayed action or as chronic damage as is the case of arachnoiditis, chronic post-
operative pain and perhaps CNS effects of general anesthesia for neonates could be included. 
Adequate monitoring (cardiorespiratory, temperature, neurological, metabolic, or neuromus-
cular blocking effects), the position of the patient in the operating table to avoid neurovascular 
compression injuries, the placement of antiembolic devices, maintenance of normothermia, 
facial and ocular protection, positioning the head, and avoiding burns and fires are just some 
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of the aspects of which we are responsible during the trans and postoperative period [19–21]. 
Proper management of the airway is a challenge since there is always the possibility of anatomi-
cal anomalies in a patient, which makes it difficult and even impossible to secure an airway.

WHO began its safe surgery program, where checklists have proven their importance in 
reducing errors. No matter the surgical procedure—small or large—these recommendations 
list 10 essential objectives: (1) correct surgery site, (2) safe anesthesia, (3) airway manage-
ment, (4) bleeding management, (5) avoid known allergies, (6) minimize risk of operative 
infections, (7) prevent the retention of foreign bodies, (8) correct identification of biopsies, 
(9) effective communication between the surgical team, and (10) systematic surveillance of 
surgical results. It is advisable to stick to this simple and very effective list. Its implementation 
is not easy, and it is necessary to understand the nature of the errors, the dynamics that exist 
between the systems and the people, as well as to create a culture that stimulates the patient’s 
safety [22–24]. In plastic surgery, it should be emphasized that it is important to identify 
the risks of deep vein thrombosis and pulmonary embolism (DVT/PE) and to establish that 
patients can benefit from prophylactic anticoagulation. Patients with hypertension should 
also be identified because of the implications not only in the cardiovascular and CNS systems 
but also in the perioperative bleeding. Another important factor is to understand the impor-
tance of reducing and treating hypothermia [25].

2.5. Surgery time

The time a patient remains anesthetized is directly related to the frequency of complications; 
hypothermia, deep venous thrombosis, pulmonary thromboembolism, changes in coagula-
tion, bleeding, alterations in the immune system, and neurovascular compressions are some 
of the usual drawbacks in prolonged surgery-anesthesia [26]. In plastic surgery, there are 
procedures that require prolonged times such as patients with combined surgeries and post-
bariatric cases with large weight loss. Unfortunately, there is not enough information on these 
possible complications. Phillips et al. [27] retrospectively studied the relationship between 
the anesthetic time and the incidence of deleterious effects in 2595 plastic surgery procedures 
performed under general anesthesia and found that the majority were women with a mean 
age of 41 years. These authors divided their patients into two groups (less than 4 or more than 
4 hours of anesthetic time): nausea and vomiting (2.8 vs. 5.7%, p = 0.0175) and urinary reten-
tion (0.7 vs. 7.6%, p < 0.0001), and 2.5% required reoperations due to surgical complications 
without statistical differences between the two groups. They had one patient with PE and 
one with DVT in the group of less than 4 hours of anesthesia. Five (0.19%) were admitted to 
a hospital for medical or surgical treatment (3 hematomas, 1 PE, and 1 DVT). There were no 
deaths in this series. Another study of 1200 patients with facial plastic surgery [28] performed 
under general anesthesia compared the patients with anesthetic time of less than 4 hours 
(14%) vs. longer anesthesia (86%). There were no catastrophic complications, and the morbid-
ity in 100% of the patients was minimal: one respiratory failure, one patient CNS deficit, one 
drug allergic reaction, and one patient requiring hospital transfer. There were six cases of 
prolonged anesthetic recovery time. The incidence of morbidity was similar in both groups. 
These two studies demonstrated that the time of general anesthesia was not a major deter-
minant in the immediate evolution of these patients operated in ambulatory surgery units.
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2.6. Surgeon without anesthesiologist

This is a controversial context where plastic surgeons consider themselves qualified to per-
form some procedures with local anesthesia and superficial sedation without the presence 
of an anesthesiologist. Examples to these procedures are variable according to the routines 
and interests of each surgeon, such as, blepharoplasties, small volume liposuction, coronal 
and facial rhytidectomies, filler injections, and hair implants, to mention a few. The fact is 
that each surgical procedure should be properly monitored by the anesthesiologist in charge 
of patient safety (monitored anesthetic care), and let the surgeon concentrates on his pro-
cedures without distracting his attention in monitoring the patient, or administer sedative 
medications, analgesics, or anesthetics with a very narrow therapeutic window. Although 
complications are rare, there is no way to predict with certainty when a patient will have a 
sentinel event or a negative incident, for example, drug toxicity, overdose, drug interaction, 
hypertensive crisis, anxiety, airway obstruction, and broken heart syndrome, just to mention 
some of the many possibilities. These are complications that few surgeons are qualified to 
solve and are part of the anesthesiologist’s usual practice. In a series of catastrophic events 
in ASA 1 and 2 patients, we found a case of death during a ritidoplasty performed without 
the presence of the anesthesiologist [29]. The frequency of these events is not known, and it is 
advisable to avoid surgical procedures without the presence of an anesthesiologist, which is 
classified as negligence.

2.7. The tourist patient

People who travel from one country to another to receive medical attention are called tourist-
patients, and their characteristics have different aspects that can modify their risks: cultural 
traditions, language, common diseases in their region of origin, and physiological adjust-
ments from their recent voyage, especially when being by plane longer than 6 hours. Their 
preanesthetic evaluation is done shortly after they arrive, and there could be special condi-
tions that are not known by the treating doctors. This type of patient has proliferated in plastic 
surgery. In our practice, we consider them a management challenge, emphasizing an effective 
communication that facilitates preoperative assessment, professional care, and a safe return 
to their place of origin [30].

2.8. Anesthesia technique

The choice of anesthesia method is the responsibility of the anesthesiologist, although patients 
and surgeons must be aware and consent with the anesthetic plan. In general terms, we can 
use any kind of anesthesia, although the anesthesiologist should be adapted to factors such 
as diverse as his/her own experience and knowledge, the characteristics of the surgical unit 
and the surgeon, the type and duration of surgery, and in particular the characteristics of each 
patient. It is noteworthy to mention that the best anesthesia is not the one that is best handled by 
the anesthesiologist, but the anesthesia procedure that engages better to each patient. In ambulatory 
patients, general anesthesia has a preponderant role due to its quick recovery [31], although 
its immediate side effects are more common when compared to regional anesthesia and have 
been linked to increased frequency of DVT/PE. When general anesthesia is given, protective 
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of the aspects of which we are responsible during the trans and postoperative period [19–21]. 
Proper management of the airway is a challenge since there is always the possibility of anatomi-
cal anomalies in a patient, which makes it difficult and even impossible to secure an airway.

WHO began its safe surgery program, where checklists have proven their importance in 
reducing errors. No matter the surgical procedure—small or large—these recommendations 
list 10 essential objectives: (1) correct surgery site, (2) safe anesthesia, (3) airway manage-
ment, (4) bleeding management, (5) avoid known allergies, (6) minimize risk of operative 
infections, (7) prevent the retention of foreign bodies, (8) correct identification of biopsies, 
(9) effective communication between the surgical team, and (10) systematic surveillance of 
surgical results. It is advisable to stick to this simple and very effective list. Its implementation 
is not easy, and it is necessary to understand the nature of the errors, the dynamics that exist 
between the systems and the people, as well as to create a culture that stimulates the patient’s 
safety [22–24]. In plastic surgery, it should be emphasized that it is important to identify 
the risks of deep vein thrombosis and pulmonary embolism (DVT/PE) and to establish that 
patients can benefit from prophylactic anticoagulation. Patients with hypertension should 
also be identified because of the implications not only in the cardiovascular and CNS systems 
but also in the perioperative bleeding. Another important factor is to understand the impor-
tance of reducing and treating hypothermia [25].

2.5. Surgery time

The time a patient remains anesthetized is directly related to the frequency of complications; 
hypothermia, deep venous thrombosis, pulmonary thromboembolism, changes in coagula-
tion, bleeding, alterations in the immune system, and neurovascular compressions are some 
of the usual drawbacks in prolonged surgery-anesthesia [26]. In plastic surgery, there are 
procedures that require prolonged times such as patients with combined surgeries and post-
bariatric cases with large weight loss. Unfortunately, there is not enough information on these 
possible complications. Phillips et al. [27] retrospectively studied the relationship between 
the anesthetic time and the incidence of deleterious effects in 2595 plastic surgery procedures 
performed under general anesthesia and found that the majority were women with a mean 
age of 41 years. These authors divided their patients into two groups (less than 4 or more than 
4 hours of anesthetic time): nausea and vomiting (2.8 vs. 5.7%, p = 0.0175) and urinary reten-
tion (0.7 vs. 7.6%, p < 0.0001), and 2.5% required reoperations due to surgical complications 
without statistical differences between the two groups. They had one patient with PE and 
one with DVT in the group of less than 4 hours of anesthesia. Five (0.19%) were admitted to 
a hospital for medical or surgical treatment (3 hematomas, 1 PE, and 1 DVT). There were no 
deaths in this series. Another study of 1200 patients with facial plastic surgery [28] performed 
under general anesthesia compared the patients with anesthetic time of less than 4 hours 
(14%) vs. longer anesthesia (86%). There were no catastrophic complications, and the morbid-
ity in 100% of the patients was minimal: one respiratory failure, one patient CNS deficit, one 
drug allergic reaction, and one patient requiring hospital transfer. There were six cases of 
prolonged anesthetic recovery time. The incidence of morbidity was similar in both groups. 
These two studies demonstrated that the time of general anesthesia was not a major deter-
minant in the immediate evolution of these patients operated in ambulatory surgery units.
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2.6. Surgeon without anesthesiologist

This is a controversial context where plastic surgeons consider themselves qualified to per-
form some procedures with local anesthesia and superficial sedation without the presence 
of an anesthesiologist. Examples to these procedures are variable according to the routines 
and interests of each surgeon, such as, blepharoplasties, small volume liposuction, coronal 
and facial rhytidectomies, filler injections, and hair implants, to mention a few. The fact is 
that each surgical procedure should be properly monitored by the anesthesiologist in charge 
of patient safety (monitored anesthetic care), and let the surgeon concentrates on his pro-
cedures without distracting his attention in monitoring the patient, or administer sedative 
medications, analgesics, or anesthetics with a very narrow therapeutic window. Although 
complications are rare, there is no way to predict with certainty when a patient will have a 
sentinel event or a negative incident, for example, drug toxicity, overdose, drug interaction, 
hypertensive crisis, anxiety, airway obstruction, and broken heart syndrome, just to mention 
some of the many possibilities. These are complications that few surgeons are qualified to 
solve and are part of the anesthesiologist’s usual practice. In a series of catastrophic events 
in ASA 1 and 2 patients, we found a case of death during a ritidoplasty performed without 
the presence of the anesthesiologist [29]. The frequency of these events is not known, and it is 
advisable to avoid surgical procedures without the presence of an anesthesiologist, which is 
classified as negligence.

2.7. The tourist patient

People who travel from one country to another to receive medical attention are called tourist-
patients, and their characteristics have different aspects that can modify their risks: cultural 
traditions, language, common diseases in their region of origin, and physiological adjust-
ments from their recent voyage, especially when being by plane longer than 6 hours. Their 
preanesthetic evaluation is done shortly after they arrive, and there could be special condi-
tions that are not known by the treating doctors. This type of patient has proliferated in plastic 
surgery. In our practice, we consider them a management challenge, emphasizing an effective 
communication that facilitates preoperative assessment, professional care, and a safe return 
to their place of origin [30].

2.8. Anesthesia technique

The choice of anesthesia method is the responsibility of the anesthesiologist, although patients 
and surgeons must be aware and consent with the anesthetic plan. In general terms, we can 
use any kind of anesthesia, although the anesthesiologist should be adapted to factors such 
as diverse as his/her own experience and knowledge, the characteristics of the surgical unit 
and the surgeon, the type and duration of surgery, and in particular the characteristics of each 
patient. It is noteworthy to mention that the best anesthesia is not the one that is best handled by 
the anesthesiologist, but the anesthesia procedure that engages better to each patient. In ambulatory 
patients, general anesthesia has a preponderant role due to its quick recovery [31], although 
its immediate side effects are more common when compared to regional anesthesia and have 
been linked to increased frequency of DVT/PE. When general anesthesia is given, protective 
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ventilation should be used (a tidal volume of 6–8 mL/kg of ideal body weight, less than 30 cm 
H2O peak pressure, and PEEP 6–8 cm H2O), which prevents lung damage, specifically in pro-
longed surgery.

In our ambulatory and short-stay surgical unit, regional procedures are preferred, especially 
subarachnoid anesthesia with a lumbar approach for surgeries below T6 segment. We also use 
spinal anesthesia in some patients with combined surgical procedures up to T4. Single injec-
tion of spinal anesthetics and adjuvants is safe, rapid, easy to administer, inexpensive, with a 
certain degree of postoperative analgesia, and fewer immediate and late residual effects than 
general anesthesia [32, 33]. We do not use subarachnoid anesthesia with a thoracic approach. 
In breast, nose, and arm surgeries, we prefer general anesthesia. For facial surgery, we use 
conscious sedation mixed with local anesthesia [34], and we have just adopted Friedberg’s 
recommendation [35] with propofol or ketofol for facial surgery and sometimes as a sedative 
complement at the end of spinal anesthesia. The characteristics of propofol make it a safe 
drug when administered by an anesthesiologist and BIS (60–70) monitoring is recommended, 
although the Ramsey scale (3–4) can also be used [33, 35].

Monitored anesthesia care is a safe technique in ambulatory and short-stay units. It must 
be done by an anesthesiologist and goes from simple monitoring of the patient to the use of 
intravenous drugs and local anesthetics for longer procedures as rejuvenation facial surgery. 
The most used drugs are propofol, ketamine, midazolam, fentanyl, sufentanil, remifentanil, 
and dexmedetomidine always supplemented with nasal oxygen [34–39].

Figure 1 shows a schema where the difference between alertness, conscious sedation, deep 
sedation, and general anesthesia are shown. The vertical line delimits the most relevant clini-
cal data and the appropriate management [34]. Attachment to this scheme is a simple guide 
to avoid anesthesia complications, especially the airway and cardiovascular and central ner-
vous systems.

Figure 1. Scheme showing the differences and limits of alertness, conscious sedation, deep sedation, and general 
anesthesia.
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3. Complications

A patient may be complicated by anesthesia, surgery, or a combination of both, for example, 
infections, venous thrombosis, thromboembolism, bleeding (anemia or hematomas), inad-
equate scarring, neural damage, overhydration, postoperative emesis, or burns, just to name 
a few. It is usually impossible to attribute these complications to one single member of the 
team; therefore, all professionals should function as a teamwork and must share responsibili-
ties as in those patients complicated with DVT/PE. In this chapter, we review the expected 
complications in anesthesia-plastic surgery and a group of rare incidents that could occur in 
this clinical setting of which we have observed some.

3.1. Anesthesia complications

Complications of anesthesia can be classified into four different etiological categories: (1) health 
personnel errors; (2) adverse events to the anesthesia technique; (3) the physical condition of 
the patients; and (4) sentinel incidents or events. Anesthesia morbidity and mortality rates are 
approximately the same in countries with a similar life expectancy. The anesthesiologic com-
munity of a given country reduces their anesthesia morbidity and mortality data by an accept-
able range for their societies using techniques according to their medical culture and historical 
traditions [40]. Although complications will always exist since erring is human [41], preventive 
measures are obligatory to reduce complications of anesthesia and to regulate our professional 
activity to reduce morbidity and mortality statistics [6]. Complications related to anesthesia are 
rare in plastic surgery, ranging from simple events to catastrophic outcomes, including death.

3.1.1. Unplanned hypothermia

It is the most frequent complication in plastic surgery. Under normal conditions, human ther-
moregulation mechanisms maintain body temperature from 36.5 to 37.5°C. This homeostasis 
is achieved by thermoregulatory defense mechanisms such as vasoconstriction, vasodilation, 
sweating, or chills. Hypothermia is considered when body temperature drops below 36°C. It 
can occur in the perioperative period; preoperative phase is defined as 1 hour before induction 
(when patients are prepared for surgery), during the intraoperative phase (total anesthetic 
time) and postoperative phase (24 postoperative hours) [42, 43]. Unintentional intraoperative 
decrease in body temperature occurs in a large percentage of surgeries and is secondary to 
multiple factors. In anesthetized patients, body temperature usually drops 2°C but can drop 
up to 6°C due to changes done by general anesthesia at the center of thermoregulation, a 
thermal decrease depending on the dose of the anesthetic. Other important factors of hypo-
thermia are the exposure of the patient to the cold environment of the operating rooms and 
the failure to actively warm patients. Hypothermia has negative effects such as increased 
infections, delayed healing, increased intra and postoperative bleeding, increased blood 
transfusion requirements, increased cardiac morbidity, prolonged duration of anesthetics, 
and coagulopathies [44, 45]. Therefore, it is necessary to use different methods to avoid it, to 
reduce its intensity, and to manage it with opportunity; mattresses with forced air or water 
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ventilation should be used (a tidal volume of 6–8 mL/kg of ideal body weight, less than 30 cm 
H2O peak pressure, and PEEP 6–8 cm H2O), which prevents lung damage, specifically in pro-
longed surgery.

In our ambulatory and short-stay surgical unit, regional procedures are preferred, especially 
subarachnoid anesthesia with a lumbar approach for surgeries below T6 segment. We also use 
spinal anesthesia in some patients with combined surgical procedures up to T4. Single injec-
tion of spinal anesthetics and adjuvants is safe, rapid, easy to administer, inexpensive, with a 
certain degree of postoperative analgesia, and fewer immediate and late residual effects than 
general anesthesia [32, 33]. We do not use subarachnoid anesthesia with a thoracic approach. 
In breast, nose, and arm surgeries, we prefer general anesthesia. For facial surgery, we use 
conscious sedation mixed with local anesthesia [34], and we have just adopted Friedberg’s 
recommendation [35] with propofol or ketofol for facial surgery and sometimes as a sedative 
complement at the end of spinal anesthesia. The characteristics of propofol make it a safe 
drug when administered by an anesthesiologist and BIS (60–70) monitoring is recommended, 
although the Ramsey scale (3–4) can also be used [33, 35].

Monitored anesthesia care is a safe technique in ambulatory and short-stay units. It must 
be done by an anesthesiologist and goes from simple monitoring of the patient to the use of 
intravenous drugs and local anesthetics for longer procedures as rejuvenation facial surgery. 
The most used drugs are propofol, ketamine, midazolam, fentanyl, sufentanil, remifentanil, 
and dexmedetomidine always supplemented with nasal oxygen [34–39].

Figure 1 shows a schema where the difference between alertness, conscious sedation, deep 
sedation, and general anesthesia are shown. The vertical line delimits the most relevant clini-
cal data and the appropriate management [34]. Attachment to this scheme is a simple guide 
to avoid anesthesia complications, especially the airway and cardiovascular and central ner-
vous systems.

Figure 1. Scheme showing the differences and limits of alertness, conscious sedation, deep sedation, and general 
anesthesia.
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3. Complications

A patient may be complicated by anesthesia, surgery, or a combination of both, for example, 
infections, venous thrombosis, thromboembolism, bleeding (anemia or hematomas), inad-
equate scarring, neural damage, overhydration, postoperative emesis, or burns, just to name 
a few. It is usually impossible to attribute these complications to one single member of the 
team; therefore, all professionals should function as a teamwork and must share responsibili-
ties as in those patients complicated with DVT/PE. In this chapter, we review the expected 
complications in anesthesia-plastic surgery and a group of rare incidents that could occur in 
this clinical setting of which we have observed some.

3.1. Anesthesia complications

Complications of anesthesia can be classified into four different etiological categories: (1) health 
personnel errors; (2) adverse events to the anesthesia technique; (3) the physical condition of 
the patients; and (4) sentinel incidents or events. Anesthesia morbidity and mortality rates are 
approximately the same in countries with a similar life expectancy. The anesthesiologic com-
munity of a given country reduces their anesthesia morbidity and mortality data by an accept-
able range for their societies using techniques according to their medical culture and historical 
traditions [40]. Although complications will always exist since erring is human [41], preventive 
measures are obligatory to reduce complications of anesthesia and to regulate our professional 
activity to reduce morbidity and mortality statistics [6]. Complications related to anesthesia are 
rare in plastic surgery, ranging from simple events to catastrophic outcomes, including death.

3.1.1. Unplanned hypothermia

It is the most frequent complication in plastic surgery. Under normal conditions, human ther-
moregulation mechanisms maintain body temperature from 36.5 to 37.5°C. This homeostasis 
is achieved by thermoregulatory defense mechanisms such as vasoconstriction, vasodilation, 
sweating, or chills. Hypothermia is considered when body temperature drops below 36°C. It 
can occur in the perioperative period; preoperative phase is defined as 1 hour before induction 
(when patients are prepared for surgery), during the intraoperative phase (total anesthetic 
time) and postoperative phase (24 postoperative hours) [42, 43]. Unintentional intraoperative 
decrease in body temperature occurs in a large percentage of surgeries and is secondary to 
multiple factors. In anesthetized patients, body temperature usually drops 2°C but can drop 
up to 6°C due to changes done by general anesthesia at the center of thermoregulation, a 
thermal decrease depending on the dose of the anesthetic. Other important factors of hypo-
thermia are the exposure of the patient to the cold environment of the operating rooms and 
the failure to actively warm patients. Hypothermia has negative effects such as increased 
infections, delayed healing, increased intra and postoperative bleeding, increased blood 
transfusion requirements, increased cardiac morbidity, prolonged duration of anesthetics, 
and coagulopathies [44, 45]. Therefore, it is necessary to use different methods to avoid it, to 
reduce its intensity, and to manage it with opportunity; mattresses with forced air or water 

Perioperative Complications in Plastic Surgery
http://dx.doi.org/10.5772/intechopen.82269

137



heating, electrical devices, heating of the intravenous or irrigation solutions, room tempera-
ture, and thermal blankets, among others, have shown different degrees of efficacy [46–49].

Some body contouring procedures such as liposuction of various regions, extended or cir-
cular abdominoplasty, and multiple surgeries expose body surface in a way that facilitate 
heat loss. If this is added to the fact that some surgeons are accustomed to utilizing antiseptic 
solutions in the skin area that will be operated minutes before positioning the patients in 
the operating table, it accelerates and increases the hypothermia and can be an incident that 
affects the patient outcome.

Perioperative hypothermia is a complication that must be anticipated, detected early, and 
treated in a timely manner.

3.1.2. Toxicity and side effects to drugs

Side effects to drugs used during anesthesia are sporadic. A background of allergies or hyper-
sensitivity should be investigated at the time of the anesthetic evaluation and avoid its use. 
Among other drugs, there have been reports of allergies to local anesthetics, muscle relax-
ants, sugammadex, and propofol, with the most severe reactions to latex. Opioids, especially 
remifentanil, may induce hyperalgesia. There are undesirable reactions like malignant hyper-
thermia secondary to halogenated and succinylcholine. These patients must be managed with 
total intravenous anesthesia or regional anesthesia because local anesthetics are safer and 
have rarely been associated with this entity [50].

For a couple of decades, local anesthetic toxicity has been the subject of multiple publications. 
In plastic surgery, there is a controversy over the total doses accepted as safe. Since the original 
description by Klein [51, 52], various data on safe doses of lidocaine 0.1–0.05% plus epinephrine 
1:1,000,000 in tumescent liposuction have been published. Segmental infiltration of reduced 
lidocaine concentration 0.02% has been used in broader liposuctions [53]. The latest research 
done in 14 human volunteers has shown that 28 mg/kg without liposuction and 45 mg/kg (dose 
range 9.2–52 mg/kg.) after liposuction are safe dosages. The authors reported serum lidocaine 
concentration below levels associated with mild lidocaine systemic toxicity. The probable risk 
of lidocaine toxicity without liposuction at a dose of 28 mg/kg and with liposuction at a dose of 
45 mg/kg was ≤1 per 2000 [54]. Timely diagnosis and management of local anesthetic toxicity 
with intravenous lipids in severe cases are essential. Lipids in initial dose of 1.5 mL/kg, followed 
by infusion of 0.25–0.50 mL/kg for 30–60 min. This infusion can be increased if hypotension or 
asystole persists [55]. After the infusion of iv lipids is stopped, a recurrence of local anesthetics 
toxicity can happen, so these patients need to be observed for at least 24 hours more.

3.1.3. Trigeminal cardiac reflex

Rhinoplasty is a frequent, relatively simple outpatient procedure that can be catastrophically 
complicated. The trigeminal cardiac reflex is defined as sudden onset of parasympathetic 
dysrhythmia, bradycardia that can progress to sudden asystole in addition to hypoten-
sion, apnea, and gastric hypermotility. This reflex can be initiated with stimulation of the 
trigeminal nerve during infiltration of the local anesthetic in the nasal columella or during 
osteotomy [56–59].
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3.1.4. Nausea and vomiting

Postoperative emesis is a serious complication in plastic surgery as it may interfere with the 
results. It occurs after general or neuraxial anesthesia and has been associated with the use of 
opioids, being more frequent in young women, nonsmokers, and patients with a history of 
postanesthetic emesis. Prevention is necessary using preoperative medication such as dexa-
methasone and/or serotonergic antagonists. Metoclopramide has fallen into disuse because 
of its side effects.

3.1.5. Overhydration

It is associated in tumescent liposuction with large volumes and generous intravenous admin-
istration of hydro saline solutions that can induce arterial hypertension, pulmonary edema, 
and even death.

3.1.6. Deep venous thrombosis and pulmonary thromboembolism

Although these events are not directly attributable to the anesthetic technique, this is one of 
the factors that may be involved. They are the most feared complications in surgery and are 
more frequent in liposuction and abdominoplasty [60]. The embolus can be hematic or fatty. 
The risk factors are young women, contraceptives, air travel of more than 6–8 hours, pro-
longed surgeries, and thrombophilic pathologies such as factor V Leiden [61, 62]. Preventive 
measures with elastic stockings and pneumatic compression, early mobilization, antiplatelet 
agents, heparins, and/or oral anticoagulants are mandatory in high risk patients since this 
complication is the leading cause of mortality in plastic surgery. In 1,141,418 outpatient sur-
gery procedures, there were 23 fatal events, being the pulmonary embolism the cause in 13 
patients. Abdominoplasty was the surgery most commonly associated with death from pul-
monary embolism in an office-based surgery facility [63].

3.1.7. Uncommon complications

Most of these types of complications are sentinel incidents that make prevention, diagnosis, 
and management difficult. The following paragraphs describe some patients seen in our pro-
fessional practice or referred by colleagues.

3.1.7.1. Postanesthesia-surgery blindness

This entity occurs in ∼1:60,000 to 1:125,000 anesthetics procedures and is more frequent in cardio-
vascular and orthopedic surgery, although there are cases described in plastic surgery [64, 65].  
It has been associated with prolonged prone position with the head positioned lower than the 
thorax, anemia, use of vasoconstrictors, or glycine [66, 67]. Transient or permanent postopera-
tive blindness has also been described following facial injections of fillers as described later.

In our practice, we had a 38-year-old patient who underwent abdominoplasty, liposuction, 
and fat transfer in her buttocks under spinal-general anesthesia. She developed total blind-
ness manifested in the immediate postanesthetic recovery. MRI showed occipital cortical 
edema (Figure 2), establishing the diagnosis of cortical blindness.
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heating, electrical devices, heating of the intravenous or irrigation solutions, room tempera-
ture, and thermal blankets, among others, have shown different degrees of efficacy [46–49].

Some body contouring procedures such as liposuction of various regions, extended or cir-
cular abdominoplasty, and multiple surgeries expose body surface in a way that facilitate 
heat loss. If this is added to the fact that some surgeons are accustomed to utilizing antiseptic 
solutions in the skin area that will be operated minutes before positioning the patients in 
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1:1,000,000 in tumescent liposuction have been published. Segmental infiltration of reduced 
lidocaine concentration 0.02% has been used in broader liposuctions [53]. The latest research 
done in 14 human volunteers has shown that 28 mg/kg without liposuction and 45 mg/kg (dose 
range 9.2–52 mg/kg.) after liposuction are safe dosages. The authors reported serum lidocaine 
concentration below levels associated with mild lidocaine systemic toxicity. The probable risk 
of lidocaine toxicity without liposuction at a dose of 28 mg/kg and with liposuction at a dose of 
45 mg/kg was ≤1 per 2000 [54]. Timely diagnosis and management of local anesthetic toxicity 
with intravenous lipids in severe cases are essential. Lipids in initial dose of 1.5 mL/kg, followed 
by infusion of 0.25–0.50 mL/kg for 30–60 min. This infusion can be increased if hypotension or 
asystole persists [55]. After the infusion of iv lipids is stopped, a recurrence of local anesthetics 
toxicity can happen, so these patients need to be observed for at least 24 hours more.

3.1.3. Trigeminal cardiac reflex

Rhinoplasty is a frequent, relatively simple outpatient procedure that can be catastrophically 
complicated. The trigeminal cardiac reflex is defined as sudden onset of parasympathetic 
dysrhythmia, bradycardia that can progress to sudden asystole in addition to hypoten-
sion, apnea, and gastric hypermotility. This reflex can be initiated with stimulation of the 
trigeminal nerve during infiltration of the local anesthetic in the nasal columella or during 
osteotomy [56–59].

Anesthesia Topics for Plastic and Reconstructive Surgery138

3.1.4. Nausea and vomiting

Postoperative emesis is a serious complication in plastic surgery as it may interfere with the 
results. It occurs after general or neuraxial anesthesia and has been associated with the use of 
opioids, being more frequent in young women, nonsmokers, and patients with a history of 
postanesthetic emesis. Prevention is necessary using preoperative medication such as dexa-
methasone and/or serotonergic antagonists. Metoclopramide has fallen into disuse because 
of its side effects.

3.1.5. Overhydration

It is associated in tumescent liposuction with large volumes and generous intravenous admin-
istration of hydro saline solutions that can induce arterial hypertension, pulmonary edema, 
and even death.

3.1.6. Deep venous thrombosis and pulmonary thromboembolism

Although these events are not directly attributable to the anesthetic technique, this is one of 
the factors that may be involved. They are the most feared complications in surgery and are 
more frequent in liposuction and abdominoplasty [60]. The embolus can be hematic or fatty. 
The risk factors are young women, contraceptives, air travel of more than 6–8 hours, pro-
longed surgeries, and thrombophilic pathologies such as factor V Leiden [61, 62]. Preventive 
measures with elastic stockings and pneumatic compression, early mobilization, antiplatelet 
agents, heparins, and/or oral anticoagulants are mandatory in high risk patients since this 
complication is the leading cause of mortality in plastic surgery. In 1,141,418 outpatient sur-
gery procedures, there were 23 fatal events, being the pulmonary embolism the cause in 13 
patients. Abdominoplasty was the surgery most commonly associated with death from pul-
monary embolism in an office-based surgery facility [63].

3.1.7. Uncommon complications

Most of these types of complications are sentinel incidents that make prevention, diagnosis, 
and management difficult. The following paragraphs describe some patients seen in our pro-
fessional practice or referred by colleagues.

3.1.7.1. Postanesthesia-surgery blindness

This entity occurs in ∼1:60,000 to 1:125,000 anesthetics procedures and is more frequent in cardio-
vascular and orthopedic surgery, although there are cases described in plastic surgery [64, 65].  
It has been associated with prolonged prone position with the head positioned lower than the 
thorax, anemia, use of vasoconstrictors, or glycine [66, 67]. Transient or permanent postopera-
tive blindness has also been described following facial injections of fillers as described later.

In our practice, we had a 38-year-old patient who underwent abdominoplasty, liposuction, 
and fat transfer in her buttocks under spinal-general anesthesia. She developed total blind-
ness manifested in the immediate postanesthetic recovery. MRI showed occipital cortical 
edema (Figure 2), establishing the diagnosis of cortical blindness.
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3.1.7.2. Transient deafness

This rare effect has been reported in subarachnoid anesthesia attributing to sudden changes in 
endolymph. We had a young patient from Russia who lost her auditory acuity during 5 days 
after spinal anesthesia for liposuction-gluteal lipoinjection.

3.1.7.3. Broken heart syndrome

Takotsubo’s cardiomyopathy or broken heart syndrome is a stress-induced heart disease with 
sudden left ventricular failure without coronary damage [68]. A young woman developed 
this syndrome few minutes after nasal infiltration with lidocaine and epinephrine under 
anesthesia with sevoflurane. The surgery was canceled, and the patient was transferred to a 
nearby hospital where she was successfully managed.

3.1.7.4. Awakening during general anesthesia

It is a very rare entity with an estimated incidence of 0.1–0.2% but has the potential to 
cause adverse evolution in the psychological area inducing posttraumatic stress [69]. A 
43-year-old patient who underwent transoperative awakening during general anesthesia 
with enflurane.

Figure 2. Blindness secondary to cerebral occipital cortical edema.
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3.1.8. Attempted murder

Anecdotal situation has been reported on few occasions. We had a case where the spouse tried 
to assassinate his wife at the end of conscious sedation for rhytidectomy. He injected her with 
vecuronium, but the timely resuscitation initiated by the recovery area nurse and the clinical 
suspicion followed to the administration of neostigmine reversed the respiratory failure. The 
patient was transferred to intensive care unit where the husband made two failed attempts to 
reinject muscle relaxants.

3.2. Surgical complications

Some surgical complications are listed because of their importance and relation to anesthesia.

3.2.1. Surgical infections

Infections are frequent in plastic surgery, from 4% up to 14%, including local infections, blood-
borne infections, and distal infections such as pneumonia or infective endocarditis. Breast 
surgery—implants or reconstructions—body contouring procedures such as liposuction and 
abdominoplasty, or multiple procedures have been described with more risks of postopera-
tive infections, especially if there are predisposing factors such as diabetes, HIV, cancer, or 
immunosuppressive treatment. Infections in plastic surgery can be minor due to microbial 
skin flora to severe cases affected with atypical or multiresistant opportunistic bacteria [70, 71].  
The type of infection varies depending on the surgery and the patient. Choice of antibiot-
ics must be meticulous based initially on the clinical suspicion, escalating the antimicrobial 
when the bacterium is isolated, and its sensitivity is known. The most isolated germs in 
implant-based reconstruction infections are Staphylococcus epidermidis, Staphylococcus aureus, 
Serratia marcescens, Pseudomonas aeruginosa, Enterococcus, Escherichia coli, Enterobacter, Group 
B streptococcus, Morganella morganii, Propionibacterium, and Corynebacterium. Initial cellulitis 
can be managed with oral fluoroquinolones. If this treatment fails, intravenous imipenem, 
gentamicin, and/or vancomycin must be prescribed [72, 73]. Severe infections with methicil-
lin-resistant Staphylococcus aureus (MRSA) should be treated aggressively with vancomycin, 
teicoplanin, or tigecycline, in addition to draining infected sites. Cases with nontuberculous 
mycobacterial infections are fairly atypical, difficult to diagnose and treat [74–79]. The antimi-
crobial treatment must be aggressive and prolonged, and when there are implants, these must 
be removed. Figure 3 shows a patient infected with Mycobacterium chelonae after liposuction.

Necrotizing fasciitis is a rare, potentially fatal, complication in plastic surgery that occurs 
more in liposuction. It requires extensive, repetitive debridement, and appropriate antimicro-
bial scheme. The most common germ is Streptococcus pyogenes [80].

3.2.2. Transoperative bleeding and hematoma

These are uncommon complications, although it does occur in patients undergoing prolonged 
procedures, especially in the postbariatric ones. A hematoma is present in up to 6% of patients 
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after breast surgery. Facial surgery is rare but compromises long-term results. Most patients 
are reluctant to hemotransfusion. It is possible to correct moderate anemia without hemody-
namic compromise with iron, folic acid, and erythropoietin. Figure 4 shows typical cases of 
bleeding that may complicate the definitive outcome of surgery.

3.2.3. Neural damage

Nerve ending injuries are common in liposuction and abdominoplasty and manifest as neu-
ropathic pain. Preventive use of gabapentinoids is useful. Major nerve damage can be seen 

Figure 4. Transoperative active bleeding and residual postsurgical hematomas.

Figure 3. M. chelonae after liposuction.
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in facial and breast surgery. Inappropriate scarring is an unpredictable risk and sometimes 
produces neural entrapment with secondary chronic postoperative pain.

3.2.4. Other injuries

Liposuction is one of the procedures that are performed more frequently, and its complica-
tions are minimal such as seromas, deformities, and lymphoedema. Serious complications are 
rare, for example, hematoma (0.15%), pulmonary complications (0.1%), infection (0.1%), and 
PE (0.06%). When it is combined with other procedures, complication rates are higher. It has 
also been associated with catastrophic lesions such as pleuropulmonary, abdominal viscera, 
and vascular damage [81, 82].

3.2.5. Cosmetic filler complications

Soft tissue volumetric augmentation with filler injections is the second most frequent non-
surgical procedure performed in plastic surgery, being the face and buttocks the areas more 
frequently injected. The increased use of a wide range of fillers has shown that they are not 
harmless, so it is crucial to briefly review possible complications. The transfer of autologous 
fat in the facial regions is the most used filling substance. There are a great variety of synthetic 
fillers that can be atoxic and nonimmunogenic or act as a foreign body and induce an immune 
reaction, granulomas, infections, fibrosis, and long-lasting or permanent body deformities 
[83–85]. Although very rare, transient or permanent blindness and cerebrovascular emboli are 
the most devastating complication of forehead and facial injection of synthetic fillers or autol-
ogous fat. It is believed that the injected filling can act as a retrograde embolus upon entering 
the ophthalmic artery or through the normal anastomosis between frontal branch of super-
ficial temporal artery from external carotid artery and supraorbital artery from ophthalmic 
artery [86]. Cannata et al. [87] described a patient who was injected with polymethylmethac-
rylate microspheres in the legs, soon after developed infection at the site of injection, followed 
by postinfectious glomerulonephritis. Kidney biopsy revealed translucent, nonbirefringent 
microspherical bodies compatible with the injected filler. Figure 5 shows facial deformations 

Figure 5. Severe facial deformities secondary to an unknown illegal filler.
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secondary to injection of unknown filler, and Figure 6 is an MRI that shows fillers injected 
in the buttocks, which produce fibrosis and deformations of the region by erratic migration, 
which are very difficult or impossible to correct.

4. Recommendations to reduce complications

Undoubtedly, the meticulous selection of each patient is the key to success in plastic surgery. 
When a patient does not have a physical and mental state required to undergo plastic sur-
gery, the procedure should be deferred or canceled regardless of the interests of the patient 
and/or the medical group. When the complexity and risk of the procedure exceed the capac-
ity of the surgical unit and/or the medical group, it is appropriate to refer the patient to a 
surgical unit or hospital with adequate resources [9, 86–89]. No anesthesia procedure should 
be considered as a minor method, and it is always necessary to work in a safe and effective 
surgical facility, following established guidelines, and in permanent communication with 
surgeons and nurses.

A study conducted in Havana Cuba [90] with 26 patients from that country found that per-
sonality traits can determine poor choice of people who apply for cosmetic surgery, some 
with psychosis and dysmorphophobia that induce expectations higher than the real ones.

5. Legal aspects

We live in a society of litigation where the doctors are easy prey to the ambition of the lawyers 
and some patients, a society where the governments create groups that exaggerate the rights 
of the patients making them believe that the improper results of the medical procedures are 
by negligence. There is a social environment—especially in government hospitals—where 
physicians are forced to work with multiple deficiencies as a routine practice, where health 
workers do not have adequate equipment and supplies, with long hours of work and few or 
no rights at all. There are few and inadequate preventive or curative programs [91]. The syn-
drome of professional exhaustion (burnout syndrome) has not been considered as a profes-
sional disease. To err is human and in this inadequate situation, it becomes a potential threat.

Figure 6. Deformities in the buttocks secondary to unknown substances. Observe extreme fibrosis.
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Anesthesiology is a science, with a high risk of undesirable events secondary to the use of 
drugs and techniques with narrow safety margins that facilitate unexpected complications. 
On the other hand, plastic surgery is a specialty where the unrealistic high expectations of 
many patients mean that despite adequate results—surgeons and anesthesiologists can trig-
ger demands—when these results are not what the patient expects, and even when there are 
no complications. A growing number of patients establish negligence or malpractice claims—
justified or not—and our practice tends toward an environment with a high incidence of liti-
gation that sometimes forces specialists to search for geographic areas with a lower incidence 
of lawsuits [92]. Frequently, decisions of the legal system do not depend on the opinions of 
medical experts, or medical experts are not properly trained to review the events of a lawsuit 
in all specialties of medicine and surgery. Patients, their families, and lawyers usually make 
demands that do not progress due to lack of elements that support malpractice. An attorney 
should not file a lawsuit without the opinion of a physician skilled in the subject [93].

Park et al.’s [94] study of negligence claims in plastic surgery found responsibility between 
30 and 100% of the cases, although the courts recognized that the economic compensation 
should be adjusted according to the victim, especially when there are associated pathologies 
which limit and make fairer compensation. Paik et al. [5] reviewed 292 cases of verdicts and 
liquidation reports in cosmetic breast surgery; the most common lesion was breast disfigure-
ment in 53.1%, and negligent misrepresentation was 98% more likely to be resolved in favor of 
the complainant, while fraud was 92% more amenable to the complainant. The most common 
causes of citation were negligence in 88.7% and lack of informed consent in 43.8%. About 
58.3% of the cases were in favor of the defendant and 41.7% in favor of the plaintiff. The com-
pensation percentage agreed was 33.4 and 8.3% settlement. Payments ranged from $ 245,000 to 
$ 300,000 USD. A study with 88 cases of demand found in the west legal database [95] exam-
ined facial surgery procedures and found that 62.5% were decided in favor of the surgeon, 
9.1% made agreements out of court, and 28.4% went to court for damages due to medical mal-
practice. The average payment was $ 577,437 USD, and the jury average was $ 352,341 USD, 
with blepharoplasty and rhytidectomy being the most litigated. In 38.6% of these cases, there 
were faults in the informed consent. There were also quarrels and disfigurements, functional 
considerations, and postoperative pain. The authors emphasize the importance of communi-
cation between patients and physicians regarding expectations as well as document benefits, 
alternatives, and specific risks. These studies show that negligence favors the demands in this 
clinical environment and emphasize that adequate transparency and communication are the 
key in the doctor-patient relationship, as mentioned in a previous publication [6].

Lawyers have promoted the lawsuit as a part of their modus vivendi. “Have you suffered as 
a result of a cosmetic procedure that you believe is due to the negligence of the surgeon? If 
you believe that your surgeon acted negligently and outside of his/her duty to care for you 
as a patient, we can help you.” This type of information is found on the Internet, and it is 
associated to websites that guide patients on how to formulate their demands. In Colombia, 
doctors have expressed their concerns about the rigidity of their penal system [96], which 
temporarily suspended a plastic surgeon, in addition to imposing a prison for less than a 
year and compensation to the patient for 150,000,000 Colombian pesos (approximately 52,290 
USD) in a complicated liposuction with necrotizing fasciitis. The authors discuss different 
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legal, ethical, and surgical, among other topics, and at the end, they argue the possibility to 
stop practicing surgery due to legal imputations every time a complication occurs. Although 
this would be an extreme measure, there are many colleagues who have retired after an inci-
dent. Well-qualified and experienced anesthesiologists and surgeons are not exempt from 
perioperative complications.

6. Conclusions

Perioperative complications of patients undergoing plastic surgery are infrequent when the 
medical group adheres to established guidelines and recommendations. Although these 
complications cannot be avoided at 100%, it is mandatory to establish preventive programs, 
and when these events happen, the diagnosis and timely management are imperative. 
Preanesthetic assessment is mandatory including meticulous search for risk factors; less than 
10% of physicians working in the surgical room have disruptive behavior, and up to 98% of 
clinicians have observing troublesome conduct. It has been mentioned that this inappropri-
ate behavior can facilitate complications. As in hospitals, ambulatory surgery units and all 
personnel must be properly certified and maintained on a permanent basis [97, 98].
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Preanesthetic assessment is mandatory including meticulous search for risk factors; less than 
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clinicians have observing troublesome conduct. It has been mentioned that this inappropri-
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