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Preface

For several years, we have felt the necessity for a concise, readable but comprehensive clinical
review book. Such a book should be easy to read and provide sound practical advice for both
trainees and practitioners.

Our intention was to develop updated, concise, and easy-to-read content that is designed to
be read by trainees preparing for anesthesiology examinations and to serve as a succinct and
practical reference for more experienced practitioners.

We are grateful to all who have helped in this important endeavor. There is an advantage in
having a multi-authored text, as our contributors have significant expertise in the topics they
discuss in our book. Also, they have been generous in permitting the section and book editors
to undertake revision of the manuscript in an attempt to achieve conformity and accuracy.
Many authors are from the Boston area teaching hospitals, but overall are drawn from insti-
tutions nationwide. We believe this provides a broad perspective in the field of anesthesiology.
The book contains 12 parts and 60 chapters. Each part is specialty-specific, with chapters
devoted to the most important clinical scenarios found in the practice of anesthesia.

The editors wish to express their gratitude to Ms. Marcia Rosen for providing valuable
editorial assistance. Likewise, the editors appreciate the support of Springer Publishers in the
preparation of this book, and our families for encouragement. We hope this book will prove to
be a valuable resource that will enrich the libraries of our readers and help promote clinical
excellence for our patients.

Boston, MA, USA Linda S. Aglio, MD, MS
Richard D. Urman, MD, MBA
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1Coronary Artery Disease

Suzana M. Zorca and K. Annette Mizuguchi

Clinical Vignette

A 64-year-old man with a past medical history relevant
for hypertension, dyslipidemia, 3-vessel coronary artery
disease (70% right coronary artery, 50% left main, 75% left
circumflex artery stenosis), nicotine dependence, and pan-
cytopenia secondary to myelodysplastic syndrome presents
with acute abdominal pain, vomiting, and obstipation.
Imaging studies reveal an incarcerated hernia. He is brought
to the operating room for emergent laparoscopy.

During abdominal insufflation, ST depressions are seen in
leads II, III, and aVF and the patient becomes acutely
bradycardic and hypotensive. The ST depressions improve
after transient exsufflation, initiation of norepinephrine
infusion, as well as red blood cell (RBC) transfusion for a
hematocrit of 20. However, postoperatively, the patient
experiences angina accompanied by recurrence of inferior
lead depressions and 2nd degree AV block.
A high-sensitivity troponin is positive for myocardial injury.

Past Medical History
Hypertension
Hyperlipidemia
Chronic stable CAD, with a positive stress test 2 years ago
(mild inferolateral perfusion defect on stress MIBI) and a
coronary angiogram revealing 3-vessel coronary artery
disease as above.

EF 65% with moderate LVH, mild MR/TR
Myelodysplastic syndrome without excess blasts, compli-
cated by pancytopenia requiring RBC transfusions every
other month
Gastroesophageal reflux disease
Depression/PTSD
Benign prostatic hypertrophy
Nicotine dependence, 45-pack-year smoking history, tran-
sitioned to the nicotine patch 3 weeks ago.

Outpatient medications

Aspirin 81 mg EC daily
Atenolol 50 mg daily
Hydrochlorothiazide/Triamterene 25/37.5 mg daily
Lisinopril 20 mg daily
Simvastatin 20 mg daily
Sertraline 50 mg daily
Tamsulosin 0.4 mg daily
Famotidine 20 mg daily
Folic acid 1 mg daily
Ferrous Sulfate 325 mg three times

daily
Nicotine 21 mg/24 h patch
Allergies Penicillin (rash)
Physical Exam (ED) Vitals: HR 78, BP

184/91, RR 18-22,
SpO2 98% on RA

Airway exam Mallampati II, thyro-
mental distance >3 fin-
ger breadths, good
mouth opening, slight
limitation to neck
extension, edentulous
with removable upper
and lower dental plates
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General Cooperative, alert, but
uncomfortable and
slightly dyspneic

Cardiopulmonary RRR, no murmurs, rubs
or gallops, CTAB

Abdominal Soft but tender and
tense to palpation, with
guarding and tap ten-
derness in left lower
quadrant

EKG Sinus rhythm at
78 bpm, normal axis,
QTc 418 ms, meeting
LVH criteria, small
Q-wave in lead III,
J-point elevation V2–
V3 with inverted
T-waves in V1–V2

Discussion Questions

1. What is Coronary Artery Disease (CAD)?

Coronary artery disease (CAD) is defined as the pro-
gressive, pathological development of atherosclerotic plaque
within the lumen and walls of the coronary vasculature.
CAD results in compromised supply of blood to the myo-
cardium, and can gradually or suddenly result in regional
myocardial ischemia and infarction. Although previously
understood as a slowly progressive lipid storage disorder,
CAD is now viewed as a complex interplay between
advancing atherogenesis, inflammation, endothelial cell
dysfunction, collagen synthesis defects, fibrous plaque
thinning, plaque rupture, and immune cell dysfunction [1–4].
Globally, the high prevalence of CAD is associated with
extensive morbidity and high health care costs.
Chronic CAD can manifest acutely with exacerbations
known as acute coronary syndromes (ACS), and it remains
the leading cause of death in the developed world.

2. Define the anatomy of the coronary vasculature.

The left main coronary artery and right coronary artery
(RCA) arise from the aortic root, just above the left and right
aortic coronary cusps (Fig. 1.1). The left main coronary
artery (L main) branches early to form the left anterior
descending artery (LAD), which courses anteriorly over the
left ventricle and interventricular septum, and the left cir-
cumflex artery (LCx), which travels laterally and posteri-
orly in the atrioventricular groove.

Primary branches of the LAD include septal perforators
(S1, S2, etc.), which supply the interventricular septum, and
the diagonal branches (D1, D2, etc.) that supply the anterior
LV wall. The primary branches of the LCx are called obtuse
marginals (OM1, OM2) and distal posterolateral branches
(LPL).

The right coronary artery (RCA) travels laterally in
the right atrioventricular groove, giving off marginal bran-
ches to supply the more anterior portion of the RV free wall
(RM1, RM2, etc.) and lateral branches, such as the
right posterior lateral (RPL) artery to supply the lateral free
wall.

The RCA generally also supplies the SA node and AV
node, and thus plays a key role in perfusing the conduction
system of the heart. In the majority of patients (85%), the
distal RCA turns into the posterior descending artery
(RPDA), which supplies the inferior free wall and posterior
interventricular septum. The RCA also gives off AV nodal
arteries, resulting in a pattern of coronary anatomy termed
“right coronary dominance.”

The left circumflex artery supplies the PDA (left PDA or
LPDA) as well as the AV node in only 7% of patients
(termed “left dominant” circulation), whereas 8% of patients
receive dual blood supply and are termed “co-dominant” or

Fig. 1.1 Schematic of normal (right-dominant) coronary artery
anatomy. Abbreviations: Left main coronary artery (L Main), right
coronary artery (RCA), left anterior descending artery (LAD), left
circumflex artery (LCx), septal (S) and diagonal (D) branches of the
LAD, obtuse marginal branches (OM) of the LCx, marginal branches of
RCA (RM), branch to SA node (SA branch), branch supplying AV
node (AVN branch), right posterior descending artery (RPDA), right
posterolateral artery (RPL), and left posterolateral branch (LPL)
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“non-dominant” [5, 6]. Although the clinical significance of
coronary dominance is not established, several studies have
demonstrated that patients with left dominant or
co-dominant circulation have worse outcomes after an acute
coronary event [7, 8].

3. Describe the perfusion of the cardiac conduction
system.

The SA node is nearly always supplied (exclusively or
primarily) by the RCA. In 70% of patients, the RCA alone
perfuses the SA node. In approximately 25% of persons, the
LCx contributes blood flow to the SA node, but only in a
small minority of patients is the primary blood supply to the
SA node from the LCx artery alone. Ischemia to the SA
node, therefore, is generally caused by very proximal RCA
lesions that result in loss of sinus automaticity. Typically this
results in a junctional escape rhythm characterized by
bradycardia and the absence of anterograde p-waves [9, 10].

The AV node is supplied primarily by the RCA in 85%
of the population. In patients with left or co-dominant
coronary anatomy, the AV node may be supplied by both the
RCA and the left circumflex (8% of persons) or entirely by
the left circumflex artery (7%). Ischemia to the AV node
leads to atrioventricular block. This can manifest as a pro-
longation of the PR interval (1st degree AV block), pro-
gressive prolongation of PR interval (Type I 1st degree AV
block), or complete loss of conduction via the AV node
(complete heart block). It is more common for type II 1st
degree AV block, high-grade AV block, and complete heart
block to result from loss of perfusion to the proximal bundle
of His, which is generally supplied by the same vasculature
as the AV node itself [6, 9].

The distal bundle of His and proximal Purkinje net-
work are contained within the interventricular septum,
which is supplied anteriorly by the LAD and posteriorly by
the PDA. Loss of the PDA rarely causes significant cardiac
conduction disease, however. Lesions in the LAD or its
septal perforators can result in new left bundle branch block
through ischemia to these conduction elements.

4. Describe the expected patterns of injury due to
ischemia or infarction in each coronary territory.

Ischemia to a vascular territory resulting from a
non-occlusive lesion can lead to subendocardial injury or
infarction. Mild ischemia often results in impaired relaxation
(i.e., ventricular stiffening), followed by impaired contrac-
tion (hypokinesis). Infarction, generally resulting from
complete occlusion of the blood supply to a territory, can
manifest as loss of contraction (akinesis), or even systolic
bulging (dyskinesis) of the affected segment.

The left anterior descending artery (LAD) supplies the
anterior 2/3 of the interventricular septum and the LV
anterior wall in its entirety (Fig. 1.2). Severe ischemia in this
territory often results in marked reduction in ejection fraction
and septal dyskinesis. Infarction of this territory can also
result in significant left bundle branch block. ECG changes
generally occur in the anterior precordial leads (V2–V4) [9].

The left circumflex artery (LCx) supplies the lateral wall
of the left ventricle. Ischemia or infarction in this territory
results in ischemic changes in the lateral ECG leads,
including I, aVL, V5, and V6, with evidence of reduced
contraction of the lateral wall on echocardiography. In
patients with a left dominant circulation, LCx infarction will
also result in inferior ischemia due to loss of the left PDA
perfusion supply.

The right coronary artery (RCA) gives rise to the PDA
in right-dominant circulations, so distal RCA ischemia
results in loss of blood supply to the LV inferior wall. Severe
ischemia can cause dysfunction or infarction of the posterior
papillary muscle, which can lead to acute severe mitral
regurgitation.

In contrast, the anterior papillary muscle typically bene-
fits from a dual blood supply and is less likely to become
dysfunctional. The more proximal RCA also supplies the
RV and usually supplies the proximal conduction system of
the heart. Acute ischemia to these territories can lead to
arrhythmias (see Question 3) and also to acute shock due to
sudden hypokinesis of the RV. If supported through the first
few hours after ischemic injury, persons with isolated RV
infarcts generally recover RV function because of collateral

Fig. 1.2 Schematic of normal coronary perfusion. Abbreviations: Left
ventricle (LV), right ventricle (RV), left anterior descending artery
(LAD, red), right coronary artery (RCA, blue), left circumflex artery
(LCx, green), anterolateral papillary muscle (AL), posteromedial
papillary muscle (PM)
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blood flow and decreased oxygen requirements of the RV
compared to LV myocardium.

5. What are the major established risk factors for
coronary artery disease?

The literature supports the following major risk factors
for CAD: hypertension, dyslipidemia, advanced age, gender
(with male gender conferring higher risk), a positive family
history of premature atherosclerosis manifesting with acute
coronary events and early CAD, diabetes mellitus (DM), and
smoking. In addition, chronic inflammatory comorbidities
also pose a risk for early CAD. A lipid-rich/pro-inflamma-
tory diet and a sedentary lifestyle and lack of exercise also
predispose to CAD, constituting modifiable risk predictors.
In women, unique additional predictors for cardiovascular
disease also include hypertensive disorders of pregnancy as
well as migraines and polycystic ovarian syndrome [11].
A high HDL cholesterol level (>60 mg/dL) has been shown
to be associated with decreased CAD risk [12].

In both men and women, poor glycemic control has been
tightly linked to the development of cardiometabolic syn-
drome, with macrovascular and microvascular complications
rising precipitously and in parallel to worsened glucose
control. In a multicenter, prospective observational study of
3642 UK patients with type 2 DM, the hazard ratio for MI
and heart failure rose linearly in relation to mean hemoglo-
bin A1c concentration. The rates of fatal and non-fatal MI
decreased by approximately 14% per 1% A1c reduction, and
the rate of clinically manifest heart failure decreased by 16%
per 1% reduction in mean HbA1c [13]. Exposure to excess
glycemia over time increased the risk of both macro- and
microvascular complications.

Furthermore, exercise attenuates the progression of
macrovascular CAD by promoting collateralization, increas-
ing myocardial blood flow, and stabilizing and possibly
retarding the progression of atherosclerotic lesions [14].

6. What are the clinical manifestations of chronic coro-
nary artery disease?

Chronic CAD is typically heralded by a history of angina
pectoris, or chest pain worsened by exertion and alleviated
by rest. However, coronary artery disease can progress
silently for decades prior to manifesting with acute throm-
botic exacerbations such as ST segment elevation myocar-
dial infarction (STEMI) or non-ST elevation MI (NSTEMI),
arrhythmias, congestive heart failure, and/or death. The
global burden of morbidity and mortality due to CAD is
enormous and it is estimated that in the United States alone,
a myocardial infarction or cardiac death occurs and is
reported every 34 s [14].

New understandings into the mechanism of chronic stable
CAD, and its acute manifestations, have emerged in recent
years. In particular, the old paradigm of progressive coro-
nary artery luminal narrowing predisposing to sudden flow
strangulation at the site of critical stenosis has been chal-
lenged. Rather, coronary artery plaque formation does not
simply narrow the vessel lumen early on in the disease
process; outward vessel wall expansion compensates instead
for diffuse plaque deposition and results in a continued and
ongoing inflammatory process. This process remodels the
coronary arterial walls and involves the coronary tree dif-
fusely. Supporting evidence includes the observation that
plaque rupture and the resulting inflammatory cascade often
occur at sites of non-critical stenoses. The subsequent
infarction occurs in segments of the coronary arterial tree
that would not have been easily predicted by angiography
[4]. Please see Question 9 for a more detailed description of
these new mechanistic insights into CAD progression and
triggering of ACS [15, 16].

7. What are associated extracardiac manifestations of
atherosclerotic disease?

Although chronic CAD progression is typically silent
until acute exacerbations manifest as acute coronary syn-
dromes (unstable angina, STEMI, NSTEMI), extracardiac
manifestations of chronic atherosclerosis can strongly sug-
gest the presence of CAD. Concomitant comorbidities in
at-risk patients often include peripheral arterial disease, such
as carotid artery disease predisposing to cerebrovascular
events, chronic kidney disease resulting in renal insuffi-
ciency, peripheral vascular disease manifesting as claudica-
tion, hypertension, and the formation of aortic aneurysms.

8. What are common perioperative adverse outcomes in
patients with atherosclerotic disease? Define MACE.

Perioperative outcomes seen with disproportionately lar-
ger frequency in CAD patients include MI
(STEMI/NSTEMI), congestive heart failure, hemodynami-
cally significant arrhythmias, and death. The cardiovascular
outcomes literature references Major Adverse Cardiac
Events (MACE) as primary endpoints of medical and sur-
gical interventions. However, no consensus or standard
definition of MACE exists. Rather, MACE consist of com-
posite clinical events that reflect safety and effectiveness of
medical or surgical interventions.

In aggregate, most studies include safety endpoints (MI,
death, and need for repeat revascularization), as well as
effectiveness endpoints as part of MACE. However, indi-
vidual outcomes comprising MACE vary significantly by
study. In a recent study of the heterogeneity and validity of
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MACE, the authors highlight the substantial heterogeneity in
study-specific individual outcomes used to define MACE.
They conclude that this heterogeneity makes inconsistency
among study results inevitable. They recommend a focus on
safety outcomes, separate from effectiveness outcomes, and
avoidance of the combined term MACE [17].

Nevertheless, it is worth noting that the most recent
(2014) ACC/AHA guidelines on perioperative cardiovascu-
lar evaluation and management of patients undergoing
noncardiac surgery utilizes the terminology MACE, defined
as myocardial infarction and death, to categorize proce-
dures into low-risk profiles (MACE risk <1%, such as for
cataract surgery, superficial plastic surgery) and elevated risk
profiles (MACE risk >1%) [18]. An intermediate category of
1–5% risk for MACE is no longer part of the current
guidelines’ dialog [18].

9. Define the mechanism of chronic stable CAD and its
acute thrombotic complications, including STEMI
and NSTEMI.

Chronic stable CAD has long been viewed as a disorder
of lipid storage, with modifiable and non-modifiable risk
factors predisposing to progressive coronary luminal nar-
rowing to the point of critical occlusion. The resulting
high-grade lesions, visible on coronary angiography, were
presumed to be the primary site of plaque rupture causing
acute coronary syndromes (ACS). Plaque rupture at these
sites was known to trigger an inflammatory response that
activates platelets, endothelial cells, and immune cells,
resulting in acute thrombosis (STEMI, NSTEMI).

The traditional concepts of flow limitation due to critical
luminal narrowing have been revolutionized by the under-
standing that coronary arterial walls dilate to accommodate
growing plaques. As a result, coronary vessel wall remod-
eling occurs early and continuously at sites of obstructive
and non-obstructive plaque. An ongoing cycle of inflam-
mation, endothelial injury, platelet activation, collagen cap
thinning, with potential for plaque rupture ensues. Thus it is
currently thought that the inflammatory cascade associated
with coronary arterial remodeling produces diffuse plaque
vulnerability in all parts of the coronary arterial tree, not only
at sites of critical stenoses [2, 19].

10. How do the new insights into the pathophysiology of
CAD inform modern approaches to treating CAD
and its acute thrombotic complications?

Disruption of atherosclerotic plaques at sites of
high-grade stenoses, visible by angiography, may manifest
clinically as unstable angina and/or ischemia, and result in
perfusion defects. Acute thrombotic complications (STEMI,

NSTEMI) following plaque rupture at critical stenoses can
be treated with percutaneous transluminal coronary angio-
plasty (PTCA) and stenting, or surgically with coronary
artery bypass grafting (CABG).

Given the extensive and prevalent nature of coronary
arterial remodeling, plaque rupture can also occur at sites of
non-obstructive CAD. These non-obstructive or non-critical
lesions cannot be easily spotted by angiography, stress
testing, or other coronary imaging. Non-obstructive plaques
vastly outnumber the critical stenoses, and may have larger
lipid cores and thinner fibrous caps, making them particu-
larly susceptible to rupture.

Non-stenotic plaques may be clinically silent for many
years, but can manifest suddenly with unstable angina or MI
when plaque rupture or thrombosis occurs. As a result,
lifestyle modification with a balanced healthy diet, exercise,
and pharmacotherapy (statin use, beta-blockade) can impact
the clinical management of non-obstructive CAD. Lifestyle
modifications and pharmacotherapy help stabilize diffuse,
vulnerable plaques and increase collateral coronary perfu-
sion. By limiting the expansion of lipid cores, strengthening
the collage cap, decreasing the exposure to products of
glycoxidation associated with hyperglycemia and
pro-inflammatory cytokines generated by excess adipose
tissue, lifestyle modifications, and pharmacotherapy help
contain the cycle of vessel wall inflammation and arterial
remodeling.

11. Review conventional therapies for stable angina and
its acute thrombotic complications.

Medical therapy with beta-blockers, statins, antiplatelet,
and anti-hypertensive agents titrated to optimal blood pres-
sure control remain the mainstay of chronic CAD manage-
ment. They are used to optimize perfusion and myocardial
oxygen demand balance, and to prevent acute thrombotic
complications. When acute complications occur, revascu-
larization by means of fibrinolysis, coronary stenting (with
bare metal or drug-eluting stents) or surgical revasculariza-
tion is necessary. Revascularization is attempted emergently
in order to minimize the inflammatory thromboembolic
cascade associated with myocardial injury.

12. What are the unique characteristics, etiologies, and
mechanisms of perioperative coronary events?

Cardiac complications represent the most common cause
of perioperative morbidity and mortality. Perioperative
myocardial infarction differs from typical, non-operative
acute coronary syndromes in that demand ischemia (classi-
fied as Type 2 MI in the most recent convention) is much
more prevalent than Type 1 MI (MI due to plaque rupture or
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erosion). The expert consensus published in 2012 by the
ESC/ACCF/AHA/WHF Task Force for Redefinition of
Myocardial Infarction stratified and redefined MI in light of
the evolving literature on new biomarkers and interventions
[20, 21].

Type 1 Spontaneous MI associated with ischemia due to plaque
rupture, erosion, fissuring, or coronary dissection

Type 2 MI secondary to ischemia due to increased oxygen demand
or decreased supply, such as results from coronary artery
spasm, coronary embolism, anemia, arrhythmias,
hypertension, or hypotension

13. Describe the mechanism of demand ischemia
by reviewing the key determinants of myocardial
oxygen consumption.

Demand ischemia occurs when myocardial oxygen
demand exceeds myocardial oxygen supply. If uncorrected,
it will progress to infarction and subsequent myocardial
necrosis. In patients with chronic progressive atherosclerotic
narrowing of the coronaries, demand ischemia can manifest
with ST changes such as ST depressions, arrhythmias, and
AV block.

Key determinants of myocardial oxygen consumption
include oxygen supply (dependent on coronary blood flow,
hemoglobin concentration, oxygen saturation, oxygen
extraction ratio), and the determinants of myocardial oxygen
demand (including heart rate, contractility, and wall stress
determinants such as preload and afterload).

14. What are the overarching goals of perioperative
cardiac risk stratification?

The goals of perioperative risk stratification, as outlined
in the most recent ACC/AHA guidelines on perioperative
cardiovascular evaluation and management of patients
undergoing noncardiac surgery, include the following:

1. Identification of patients at risk for perioperative MACE.
2. Adjusting the timing of surgery in order to minimize the

risk of MACE.
3. Optimization of long-term medical therapy regardless of

the ultimate timing of surgery.

15. What do the most recent (2014) ACC/AHA guidelines
for perioperative risk stratification specify regarding
patients preparing for noncardiac surgery?

The 2014 ACC/AHA guidelines (Table 1.1) for periop-
erative risk stratification for noncardiac surgery stress that
most patients do not require an extensive cardiac work-up
prior to elective noncardiac procedures. The guidelines
recommend evaluating patients based on patient- and
surgery-specific risk factors using the national surgical
quality improvement program (NSQIP) risk calculator or the
revised cardiac risk index (RCRI) assessment tools. Patients
with a low risk of perioperative MACE (<1%) should pro-
ceed to surgery without further work-up or risk stratification.

For patients with moderate-to-high risk of MACE (>1%),
clinical evaluation for functional capacity is recommended.

Table 1.1 2014 AHA/ACC guidelines: a brief summary

Level of
evidence

Guideline recommendations

Valvular Heart Disease

I-C Patients with moderate or severe valvular disease should undergo echocardiography
within 1 year or if there has been a clinical change

I-C Valvular intervention before noncardiac surgery is effective in reducing perioperative risk

IIa-B It is acceptable to perform surgery in patients with asymptomatic severe AS

IIa-C It is acceptable to perform surgery on patients with asymptomatic severe MR or AR w/preserved EF

IIb-C It is acceptable to proceed with noncardiac surgery in asymptomatic severe MS patients if the valve anatomy is not favorable
to balloon commissurotomy

ICDs/Pacemakers/Systemic Prostanoid Therapy

I-C The perioperative team should communicate with the patient’s cardiologist, electrophysiologist, or pulmonary hypertension
specialist regarding perioperative planning

I-C Chronic pulmonary vascular-targeted therapy should be continued unless contraindicated

I-C Cardiac monitoring should be continuous when an ICD has been deactivated, and external defibrillation equipment
available. ICD reactivation prior to hospital discharge is recommended

IIa-C Preoperative evaluation by a pulmonary hypertension expert can be valuable for perioperative patient management of
patients with significant pulmonary hypertension

(continued)
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Table 1.1 (continued)

Level of
evidence

Guideline recommendations

ECGs and Echocardiography

IIa-B ECGs are reasonable for patients with known CAD or CHF undergoing non-low risk surgery

IIa-C It is reasonable for patients with dyspnea of unknown origin or worsening dyspnea and CHF to undergo LV function
assessment with echocardiography

IIb-B It may be helpful for asymptomatic patients undergoing non-low risk surgery to receive preoperative ECGs

IIb-C Re-evaluation of LV function in stable patients w/CHF may be reasonable if there has been no evaluation in the past year

III-B Routine preoperative echocardiography evaluation is not recommended

Perioperative Risk Stratification

IIa-B Use of a perioperative risk stratification tool to assess MACE risk is recommended

III-B Patients with a low risk of MACE should not undergo further testing preoperatively

Exercise and Stress Testing

IIa-B In patients with elevated MACE risk but excellent functional capacity (>10 METS), no further cardiac testing is
recommended prior to surgery

IIa-B It is reasonable for patients who are at elevated MACE risk and have poor functional capacity (<4 METS) to undergo
noninvasive pharmacological stress testing if it will change management

IIb-B For patients with elevated MACE risk and moderate-to-good functional capacity (> or equal to 4 METS), it may be
reasonable to forego further testing and proceed to surgery

IIb-B Cardiopulmonary exercise testing may be done for patients with elevated risk & unknown functional capacity

IIb-C For patients with elevated risk and poor or unknown functional capacity, exercise testing with cardiac imaging for ischemia
may be reasonable if it will change perioperative management

III-B Routine noninvasive exercise or stress testing is not useful for perioperative evaluation

Perioperative angiography and coronary intervention

I-C Revascularization before noncardiac surgery is recommended if revascularization would normally be indicated by current
guidelines

III-B It is not recommended that coronary revascularization be performed before noncardiac surgery exclusively to reduce
perioperative cardiac events

III-C Routine perioperative coronary angiography is not recommended

Timing of Surgery after Percutaneous Coronary Intervention (PCI)

I-B If possible, surgery should be delayed for 14 days after PTCA & 365 days after DES placement

IIa-C Consensus decisions regarding antiplatelet therapy are helpful

IIb-B Consider noncardiac surgery 180 days after DES placement if the risk of further delay outweighs the risks of ischemia and
stent thrombosis

III-B Elective surgery should not be performed within 30 days of BMS implantation or within 12 months of DES implantation if
dual antiplatelet therapy must be discontinued perioperatively

III-C Elective surgery should not be performed within 14 days of PTCA if dual antiplatelet therapy must be discontinued
perioperatively

Perioperative Beta-Blockade

I-B Continue beta-blocker therapy in patients on beta-blockers preoperatively

IIa-B Post-operative beta-blockade should be guided by clinical circumstances

IIb-B In patients with 3 or more RCRI risk factors, it may be reasonable to begin beta-blockade

IIb-B In patients with a compelling long-term indication for beta-blockade but without RCRI risk factors, initiating beta-blockers
is of unclear benefit

IIb-B It is preferred that perioperative beta-blockade be initiated long enough in advance of surgery to assess safety and
tolerability, preferably more than one day prior to surgery/intervention

IIb-C In patients with intermediate or high-risk ischemia on preoperative testing, it may be reasonable to begin beta-blockade

III-B Beta-blocker therapy should not be started on the day of surgery

(continued)
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The guidelines recommend proceeding with surgery without
further cardiac assessment in patients with moderate
(>4 METS) or excellent functional capacity (>10 METS).

For patients with low or unknown functional capacity,
exercise testing or pharmacologic stress testing with perfu-
sion imaging is reasonable prior to surgery. This is recom-
mended only when the diagnosis of ischemic disease would
make a therapeutic impact. Exercise and stress testing results
should lead to coronary interventions only if established
evidence-based criteria for intervention are met, regardless
of the need for surgery. Interventions for the sole purpose of
mitigating cardiac risk perioperatively are not recommended
and possibly harmful. Interventions that optimize therapeutic
management for the long term—regardless of the specific
timing of surgery—are encouraged. Conversely, if the
patient has evidence of ACS during the perioperative eval-
uation, then standard evidence-based therapies including
immediate invasive intervention should be considered.
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Table 1.1 (continued)

Level of
evidence

Guideline recommendations

Perioperative Statin Therapy

I-B Continue statin therapy in patients taking statins preoperatively
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2Myocardial Infarction

Hanjo Ko

CASE
78M with history of heavy asbestos exposure who presented
with new onset of dyspnea and was found to have significant
right pleural thickening concerning for mesothelioma one
month ago. He is scheduled for diagnostic bronchoscopy and
mediastinoscopy with biopsy for cancer staging.

In the preoperative area, he complains of chest pain
radiating to his jaw and left arm that started 30 min ago and
has only started to subside now after he managed to get back
in bed with the help of his wife.

Medications:
Metoprolol 100 mg daily
Isosorbide mononitrate 60 mg daily
Lisinopril 10 mg daily
Aspirin 81 mg daily
Atorvastatin 80 mg daily
Clopidogrel 75 mg daily (held for 7 days)
Lantus 35 units daily and aspart 5 units with meals

Allergies: NKDA

Past Medical History:
CHF—EF 55–60% with moderate MR on prior TTE

obtained one year ago
CAD with MI in the past— drug-eluting stents (DES) to

LCx and ramus intermedius 5 years ago, DES to OM1 and
RCA with balloon angioplasty to LCx 4 years ago

DM2—poorly controlled with baseline Hgb A1c of 11.6
one month ago

Physical Exam:
Vitals: HR 94, BP 178/89, RR 24, SpO2 92% on 2L NC
MP4, full range of motion, normal mouth opening, nor-

mal thyomental distance

He is in mild distress, slightly diaphoretic, but able to lie
flat and finish sentences without difficulty.

Bedside EKG showed ST elevation in V1 through V4 and
II, III, aVF.

1. What is myocardial infarction (MI)?

MI represents a disease process in which myocardial
oxygen demand exceeds myocardial oxygen supply leading
to myocardial ischemia and subsequent myocardial necrosis.
MI typically occurs in patients with prior coronary artery
disease (CAD) due to the formation of atherosclerotic pla-
ques and progressive narrowing of the coronary arteries.
Non-ST elevation MI (NSTEMI) represents subendocardial
ischemia while ST elevation MI (STEMI) suggests a more
devastating and serious myocardial insult that affects the full
thickness of myocardium, spreading from endocardium to
epicardium. STEMI is more typically caused by the sudden
thrombotic occlusion of a coronary artery that was not pre-
viously severely stenotic, and unlike NSTEMI, it is con-
sidered a medical emergency and requires immediate
intervention to restore blood flow in order to salvage the
remaining myocardium. Given that the amount of myocar-
dial injury occurs, not in a linear fashion, but rather curvi-
linear as time passes, a careful selection and timely
implementation of a reperfusion strategy has become the
hallmark treatment of STEMI where “time is muscle” [1].

2. What are different types of MIs?

In 2012, the joint ESC/ACCF/AHA/WHF Task Force for
Redefinition of Myocardial Infarction published the expert
consensus to redefine myocardial infarction, especially in the
era where new biomarkers (such as troponin C or I) and
interventions are becoming increasingly available [2]. The
new definition not only allows for better characterization of
the various etiologies of MI but also helps to develop more
tailored treatment to a specific type of MI (see Table 2.1).
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MI can also be described by size and location: micro-
scopic (focal necrosis), small (<10% of left ventricular
myocardium), moderate (10–30%), and large (>30%).
Pathologically, it can be described as acute (identified by
presence of polymorphonuclear leukocytes), healing (ab-
sence of polymorphonuclear leukocytes but presence of
mononuclear cells and fibroblasts), or healed (scarred tissue
without cellular infiltration). The entire healing process
usually takes at least 5–6 weeks. One should keep in mind
that the manifestation of MI may not correspond exactly
with pathological findings, and the most appropriate treat-
ment should always be based on clinical assessment of each
individual patient at any given time.

3. What is percutaneous coronary intervention (PCI)?

Reperfusion strategy depends on the onset and duration
of MI, location of occluded coronary arteries, facility capa-
bility, and patient’s overall medical condition and clinical
stability. One can further divide reperfusion strategy into
three main categories: PCI, fibrinolytic therapy, and surgical
graft revascularization. Primary PCI consists of balloon
angioplasty (with or without stenting), without the previous
administration of fibrinolytic therapy or platelet glycoprotein
IIb/IIIa inhibitors, to open the culprit coronary artery that’s
responsible for clinical MI [3].

Under fluoroscopic guidance, a culprit vessel is identified
and a metal wire is past beyond the thrombosis. A balloon
catheter (with or without stent) is then inflated at the site of
occlusion to mechanically restore distal blood flow. When
anatomically feasible and appropriate, PCI is the preferred
mode of reperfusion as long as it can be accomplished in a
timely fashion (typically defined as “door-to-balloon” time
� 90 min) by an experienced operator in a facility that is
capable of providing additional surgical assistance and/or
transferring patients to a tertiary care center where such
support exists. The “door-to-balloon” time can be extended
beyond 90 min in those patients with the following [4–7]:

– contraindication to fibrinolytic therapy
– high risk of bleeding with fibrinolytic therapy, including

patients >75 years old due to increased risk of intracra-
nial hemorrhage

– clinical evidence suggesting a high risk of an infarct-
related mortality such as hypotension or pulmonary
edema

– cardiogenic shock

Finally, assuming no contraindications and that the cul-
prit lesion is anatomically feasible for stent deployment,
stents (drug-eluting stents preferred over bare-metal stents)
have better outcomes than balloon angioplasty in terms of
frequency of recurrent angina, rates of restenosis, and the
need for repeat revascularization procedures [8, 9].

4. What is fibrinolytic therapy?

There is reasonable amount of discussion on the topic of
when and/or for whom fibrinolytic therapy is preferred over
PCI. In general, there are a greater number of limitations
with fibrinolytic therapy compared to PCI. For example,
27% of the eligible patients have a contraindication to fib-
rinolysis such as recent surgery (less than 3 months prior to
event) or history of cerebrovascular disease or uncontrolled
systolic blood pressure >200 mmHg [10]. The utilization of
systemic fibrinolytic therapy, unlike successful PCI, does not
necessarily guarantee thrombolysis within the culprit vessel.
Furthermore, a higher risk of reinfarction and 2-year mor-
tality is also observed in patients receiving fibrinolytic
therapy compared to PCI [11].

Nevertheless, fibrinolytic therapy still yields better clini-
cal outcomes when compared to medical optimization
without any reperfusion treatment [12]. Furthermore, there
are certain conditions where fibrinolytic therapy is preferred
over PCI. For example, in patients who seek medical
attention less than 1 h after the onset of symptoms, fibri-
nolytic therapy may abort the infarction completely.

Table 2.1 Types of MI

Type 1 Spontaneous MI related to ischemia due to a primary coronary event such as plaque erosion and/or rupture, fissuring, or dissection

Type 2 MI secondary to ischemia due to either increased oxygen demand or decreased supply, e.g., coronary artery spasm, coronary
embolism, anemia, arrhythmias, hypertension, or hypotension

Type 3 Sudden unexpected cardiac death, often with symptoms suggestive of myocardial ischemia

Type 4a MI associated with percutaneous coronary intervention (PCI)

Type 4b MI associated with stent thrombosis as documented by angiography or at autopsy

Type 4c MI associated with PCI restenosis or >50% stenosis on coronary angiography

Type 5 MI associated with coronary artery bypass graft (CABG)
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5. How does one decide which reperfusion strategy is
best suited for certain patients?

There are certain scenarios that would favor one or the
other but in general, each decision needs to be tailored to
individuals’ clinical conditions and needs, instead of fol-
lowing a simple algorithm. For example, balloon angioplasty
may be preferred in patients with left main disease who are
candidates of CABG within days in order to avoid admin-
istration of clopidogrel. In patients whose adherence to dual
antiplatelet therapy (DAPT) might be questionable, balloon
angioplasty may be more ideal than DES despite no other
physiological contraindications to DES. CABG, on the other
hand, typically is preferred in diabetic patients with multi-
vessel coronary artery disease [13]. However, the presence
of significant chronic kidney disease combined with history
of life-threatening gastrointestinal bleeding might provide
arguments for CABG in certain patients in order to avoid
contrast-associated nephropathy necessitating permanent
dialysis and recurrent bleeding from the need of DAPT
following DES. It is therefore, imperative, that one seeks
expert opinion and has a candid discussion with patients
regarding risks and benefits before committing them to a
certain reperfusion therapy.

After the Initial Presentation:

Even though the patient presentation does not endorse
significant angina, his clinical manifestation is concerning
for STEMI. Given the elective nature of his surgery, the case
was canceled. He was given morphine for symptomatic
relief, and an esmolol infusion was started to decrease
myocardial demand by slowing his heart rate. After obtain-
ing an emergent cardiology consultation for STEMI, this
patient underwent coronary artery angiography which
revealed an in-stent restenosis of his prior RCA stent and a
newly >80% occluded LAD.

6. What is in-stent restenosis (ISR)?

It is important to distinguish ISR from stent thrombosis.
ISR is the result of arterial damage with subsequent neoin-
timal tissue proliferation that leads to >50% stenosis in the
diameter [14]. The need for repeat revascularization within
30 days after the initial stent deployment most likely sug-
gests stent thrombosis since the time frame is too short for
the narrowing and/or occlusion of the targeted vessels to be
caused by neointimal tissue. Stent thrombosis typically
presents with MI while the incidence of MI from ISR is
much lower since restenosis only implies reduction in the
coronary arterial lumen diameter, instead of complete
occlusion. As a result, traditionally, ISR is thought to be a

relatively benign entity but more recent studies have sug-
gested that these patients can and will frequently present
with acute MI [15, 16].

The optimal treatment for DES restenosis is still under
investigation given the various etiologies for ISR
(neoatherosclerosis, drug resistance, stent underexpansion,
residual uncovered atherosclerotic plaques, etc.). The most
popular modality is repeat DES or drug-coated balloon
angioplasty, provided that the anatomical features of ISR are
favorable for such intervention, since they provide the best
clinical and angiographic results [17, 18]. However, the
success rate for retreatment differs significantly depending
on the clinical scenario, and therefore, it is imperative to
recognize that at some point, CABG should be considered as
a treatment option, especially in complex cases (e.g., mul-
tivessel DES with multivessel diffuse ISR) [19].

This patient’s STEMI is most likely from the combination
his newly occluded LAD and his ISR with prior RCA stent
(clopidogrel was held for 7 days). That is, he has both type 1
and type 4c MI. It is important to recognize that a patient
treated with a new DES for ISR should be considered high
risk, and DAPT should be continued indefinitely unless a
serious complication occurs, upon which time, an expert
consultation should be sought in order to balance the risk of
bleeding and thrombosis.

7. What are high-risk PCIs?

Unfortunately, there is no universally accepted definition
of high-risk PCI, and therefore limited data exist to help
guide management to minimize peri-procedural complica-
tions. Nevertheless, high-risk PCIs are typically associated
with significant hemodynamic instability and technical
challenges with a higher possibility of requiring mechanical
circulatory support and/or emergent surgical intervention.
An example to further categorize high-risk PCIs is as follows
[20, 21] (see Table 2.2).

One needs to bear in mind that the list above is not
comprehensive, and therefore it should only serve as an
example to urge clinicians to seek more detailed risk strati-
fication after consulting expert opinion.

Follow Up of the Case:

Given the new findings, a BMS was deployed into his
LAD, and balloon angioplasty to RCA was also performed.
BMS was chosen to minimize the duration of DAPT given
that this patient might be a candidate for pleurectomy in the
near future, assuming that his clinical condition is stabilized
and that he is able to undergo the initial cancer staging after
one month of DAPT. He was subsequently transferred to
cardiac critical care unit and discharged home after a few
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days. He was instructed to follow up with his cardiologist
within a week after discharge.

8. What is the current guideline for DAPT after PCI?

Table 2.3 reflects the current guideline for DAPT after
PCI based on 2005 ACC/AHA publication [13].

For our patient, he should continue clopidogrel 75 mg
daily and increase his aspirin to 325 mg daily for at least one
month given the new BMS to his LAD. The decision as to
whether or not hold clopidogrel prior to his elective cancer
staging surgery has to be revisited.

9. What is the implication of DAPT in the perioperative
setting?

Since DAPT has been proven to be superior in terms of
preventing cardiovascular events after PCI to either aspirin
alone, or clopidogrel alone, or even combination of aspirin
and warfarin, the decision to withhold DAPT needs to be
made individually [26]. At the same time, despite multiple
clinical practice guidelines, the management of perioperative

DAPT continues to evolve [27]. The risk of major adverse
cardiovascular events and stent thrombosis is highest in the
first year after implantation with mortality up to 45% [28].
During that first year, the endothelialization typically takes
4–6 weeks for BMS and 6–12 months for DES [29]. Early
withdraw of antiplatelet agents is the main determinant for
ischemic complication and the complication rate is the
highest when the stent implantation is <30 days [30]. As a
result, it is recommended that elective surgery should be
postponed for a minimum of 4–6 weeks after BMS and
6 months after DES (preferably 12 months).

Aspirin should be continued throughout the perioperative
period. The only possible exception is closed space surgeries
such as intracranial surgery, spinal surgery, and posterior eye
chamber surgery. For those who require semi-elective sur-
gery such as cancer staging or diagnosis, a delay of
12 months is not ideal. As a result, timed transfusion of
platelets can be considered. For example, the last dose of
aspirin and clopidogrel is given 12–24 h before surgery
followed by 2 pools of platelet concentration given 1–2 h
immediately before surgery. The duration of holding DAPT
should be minimized and ideally, aspirin should be restarted

Table 2.2 An example to
further categorize high-risk PCIs
[20, 21]

Anatomical
location

Intervention to an unprotected left main coronary artery or left main equivalent

Multivessel disease

Distal left main bifurcation intervention

Previous CABG, including intervention to a graft, particularly a degenerated graft

Last remaining coronary conduit

Duke Myocardial Jeopardy score >8

Target vessel providing a collateral supply to an occluded second vessel that supplies
>40% of the left ventricular myocardium

Ostial stenosis

Heavily calcified lesions

Chronic total occlusions

SYNTAX score >33

Hemodynamic
criteria

Cardiac index <2.2 L/min/m2

Pulmonary capillary wedge pressure >15 mmHg

Mean pulmonary artery pressure >50 mmHg

Clinical feature Cardiogenic shock occurring within 24 h or at the start of coronary intervention

Left ventricular systolic dysfunction on presentation (ejection fracture <30–40%)

Killip class II-IV on presentation or congestive heart failure

Coronary intervention after resuscitated cardiac arrest within 24 h

STEMI

Acute coronary syndrome complicated by unstable hemodynamics, dysrhythmia, or
refractory angina

Prior MI

Age >70–80 years

History of cerebrovascular disease, diabetes, renal dysfunction, peripheral arterial
disease, or chronic lung disease
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6 h postoperatively and clopidogrel 24–48 h (± loading
dose of 300 mg) [31]. Of note, this regimen is not valid for
newer antiplatelet agents such as prasugrel or ticagrelor.

In cardiac surgery, it is recommended to hold clopidogrel
for at least 5 days but the data concerning non-cardiac sur-
gery are limited and conflicting [13]. Therefore, other
“bridging” therapies (such as eptifibatide) should also be
considered in high-risk patients since DAPT does result in a
significant increase in bleeding, transfusion, mechanical
ventilation, length of hospital stay, and surgical
re-exploration [28, 32–34].

Similar to clopidogrel, prasugrel also binds irreversibly to
the platelet P2Y12 receptor but with a more rapid, potent, and
consistent platelet inhibition at the cost of increased risk of
bleeding [35, 36]. As a result, prasugrel has a more limited
use in the perioperative setting.

Unlike clopidogrel, ticagrelor binds reversibly to platelet
P2Y12 receptor and is able to achieve a greater inhibition of
platelet aggregation compared to clopidogrel without sig-
nificant difference in the rates of major bleeding [37, 38].
The major advantage of ticagrelor is its short half-life
(6–13 h) and reversibility [39]. In the perioperative setting,
one only needs to hold ticagrelor for 1 day.
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3Heart Failure

Dirk J. Varelmann

Case

A 57-year-old male with shortness of breath and chest pain
on exertion is presenting for hip replacement.

Past medical history:

• Congestive Heart Failure (CHF)
• Hypertension
• Diabetes mellitus, insulin-dependent
• Obesity
• GERD.

Medication:

• Metoprolol 25 mg qid
• Acetylsalicylic acid (ASA) 81 mg/d
• Lisinopril 20 mg/d
• Lasix 40 mg BID
• Atorvastatin 80 mg/d
• Lantus (insulin-glargine)/Novolog (insulin-aspart)
• Omeprazole.

Vital signs:

BP 150/80 mmHg HR 65/min RR 20/min SpO2 95%

Weight 105 kg Height 172 cm

Physical Exam:

Neuro: nonfocal exam
Cardiac: regular, normal S1/S2, S3 audible, no

rubs/murmurs
Pulmonary: slightly diminished breath sounds at both

bases, bibasilar fine crackles.

Bilateral lower extremity pitting edema noted.
Patient reports shortness of breath (SOB) after climbing

one half flight of stairs or walking three blocks on flat sur-
face, as well as nocturia, getting worse over the past
2 weeks. He was able to carry two bags of groceries up two
flights of stairs until 2 weeks ago.

What Are the Clinical Signs of Heart Failure?

– decreased exercise tolerance
– basilar crackles on auscultation from interstitial pul-

monary edema, and/or diminished bibasilar breath
sounds secondary to pleural effusions

– S3 sound on cardiac auscultation
– peripheral edema, usually on the dependent limbs
– anasarca
– increased jugular venous pressure (JVP), >10 cm above

sternal angle
– hepatic enlargement if concomitant right heart failure

exists
– nocturia
– paroxysmal nocturnal dyspnea (PND).

As heart failure can present without signs of volume
overload, the term “heart failure” (HF) is preferred over the
term “congestive heart failure.” Heart failure is a clinical
syndrome, resulting from structural or functional cardiac
disorders that impair the ability of the ventricle to fill with or
eject blood [1]. The diagnosis of heart failure is primarily
based on the aforementioned clinical signs and a careful
patient history.
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What Are the Signs of Acutely
Decompensated Heart Failure?

Patient presents with the abovementioned and following
symptoms:

– dyspnea/orthopnea (pulmonary edema), hypoxemia
– recent weight gain secondary to edema
– coughing/wheezing, pink frothy pulmonary secretions
– “fluffy” infiltrates on chest radiography (CXR)
– increased central venous pressure, jugular vein distension
– Cardiomegaly on CXR
– Patient can be hypertensive; hypotension is an ominous

sign.

How Can Heart Failure Be Classified/Graded?

Multiple grading classifications exist. One of the most com-
mon is the New York Heart Association (NYHA) functional
classification (Table 3.1) [2]. The patients are assigned to the
respective NYHA classes by subjective symptoms, but for an
individual patient the NYHA functional class can be used to
estimate exercise capacity. Goldman et al. developed a
specific activity scale based on metabolic costs (METS) of
specific activities to categorize the degree of cardiovascular
disability (Table 3.1) [3], with 1 MET defined as
3.5 mL/min/kg O2 uptake. A poor functional status is con-
sidered the inability to climb two flight of stairs or walk four
blocks on even surface[4, 5].

Is There a Difference in Anesthetic
Perioperative Risk Between Acute/New Onset
Versus Chronic/Compensated Heart Failure?

PatientswithHFundergoingmajor non-cardiac surgery have a
mortality of 8%, which is a >60% greater risk of operative
mortality compared to patients without HF or CAD. The
presence of coronary artery disease (CAD) in patients with HF
poses no additional risk ofmortality or readmission, indicating
that HF is most relevant in those patients. The procedures with
the highest risk noted are above and below knee amputations,
colon cancer resection, open abdominal aortic aneurysm
repair, open cholecystectomy, and pulmonary cancer resec-
tions [6]. Patients with decompensated HF are at a very high
risk for developing major adverse cardiac events (MACE),
including cardiac arrest and death. Patients with stable HF
undergoing elective non-cardiac surgery who are appropri-
ately managed have a comparable perioperative mortality to a
control group (propensity-matched groups), although the
hospital stay is prolonged and the long-term mortality rate is
increased in the HF group [7].

Urgent Versus Emergent Procedures: Define
Urgency and Low-Risk Versus Elevated Risk.
What Are the Implications?

The American College of Cardiology (ACC)/American
Heart Association (AHA) suggest the following classifica-
tion of urgency by consensus, but individual institutions may
use different definitions (Table 3.2) [8].

Table 3.1 New York heart
association functional
classification

Class NYHA class [2] Spec. activity scale [3]

I Patients with cardiac disease but without
resulting limitations of physical activity.
Ordinary physical activity does not cause
undue fatigue, palpitations, dyspnea, or
angina pain

Patient can perform to completion activities
requiring ≥7 METS, e.g., do outdoor work
(shovel snow), or do recreational activities
(skiing, basketball, squash, handball)

II Patients with cardiac disease resulting in
slight limitation of physical activity. They are
comfortable at rest. Ordinary physical activity
results in fatigue, palpitation, dyspnea, or
angina pain

Patient can perform to completion any
activities requiring ≥5, but <7 METS, e.g.,
carry anything up a flight of 8 stairs, walk on
level ground at 4 mph

III Patients with cardiac disease resulting in
marked limitation of physical activity. They
are comfortable at rest. Less than ordinary
physical activity causes fatigue, palpitation,
dyspnea, or angina pain

Patient can perform to completion any activity
requiring ≥2, but <5, e.g., shower without
stopping, strip/make bed, clean windows,
walk on level ground at 2.5 mph, play golf,
dress without stopping

IV Patients with cardiac disease resulting in
inability to carry on any physical activity
without discomfort. Symptoms of cardiac
insufficiency such as angina may be present
even at rest. If any physical activity is
undertaken, discomfort is increased

Patient cannot or does not perform to
completion activities requiring ≥2 METS,
cannot carry out activities listed above
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Risk categories for surgical procedures:

– Low risk: <1% for developing MACE/death
– Elevated risk: ≥1% for developing MACE/death

Risk Assessment Based on Left Ventricular
Ejection Fraction

A decreased left ventricular ejection fraction (LVEF) is an
independent prognostic factor of unfavorable outcome after
major non-cardiac surgery. Patients with a LVEF <30% have
significantly higher mortality than those with a LVEF ≥30%,
although the mortality rate with HF and a preserved LVEF
(≥40%) is still high [9–11].

What Work-up Is Desired or Required
in Patients with HF?

Whereas algorithms exist on how to manage patients with
CAD, those algorithms may not apply for patients with HF.
As HF is mainly a clinical diagnosis, a thorough history and
physical examination is mandatory.

Laboratory Work

Obtaining a basic metabolic panel (serum Na, K, Cl, CO2,
BUN, Cr) is reasonable to exclude diuretic-induced elec-
trolyte imbalances, as well as renal insufficiency secondary
to cardiorenal syndrome. Biomarkers of heart failure (BNP:
brain natriuretic peptide, NT-proBNP: N-terminal probrain
natriuretic peptide) may provide incremental predictive
value, but there is a lack of data suggesting targeting these
biomarkers for treatment of HF will reduce postoperative

risk. Therefore, measurement of BNP/NT-proBNP cannot be
routinely recommended.

EKG

Preoperative resting 12-lead EKG is reasonable for patients
with known CAD, significant arrhythmias, peripheral arterial
disease (PAD), cerebrovascular disease, or other significant
structural heart disease, except for those undergoing low-risk
surgery. EKG may be considered for asymptomatic patients
without known CAD, except for low-risk surgery. EKG is
not useful in asymptomatic patients undergoing low-risk
surgical procedures.

Chest Radiography

A chest radiograph (CXR) should be obtained in patients
with acutely decompensated HF (look for pulmonary edema,
pulmonary vascular congestion). However, changes may be
absent as adaptation processes can occur over time.

Assessment of LV Function

It is reasonable for patients with dyspnea of unknown origin
or patients with HF with worsening dyspnea to undergo
preoperative evaluation of left ventricular (LV) function.
Reassessment of LV function in clinically stable patients with
previously documented LV dysfunction may be considered if
there has been no assessment within a year; however, routine
preoperative evaluation is not recommended.

In patients with signs and symptoms of new or worsening
HF, echocardiography may help to establish the etiology. It
can also help to guide intraoperative management, as it can
differentiate between systolic and diastolic dysfunction.

Noninvasive exercise testing: stress echocardiography or
exercise testing may add predictive value in HF patients in

Table 3.2 Classification and
description of urgency, and the
timeframe within surgery should
occur

Classification
of urgency

Time frame within which
surgery has to occur

Description of urgency

Emergent Within <6 h Life or limb is threatened if not in the operating room. No
or very limited time for clinical evaluation

Urgent 6–24 h Life or limb is threatened if not in the operating room
within 6–24 h. There may be time for a limited
evaluation

Time-sensitive <1 week A delay of surgery >1 week for evaluation will
negatively affect outcome, e.g., oncologic procedures

Elective 1 week–1 year Procedure can be delayed up to one year
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whom the functional capacity is poor, but screening is not
recommended.

Which Medication Should Be
Continued/Discontinued Through
the Perioperative Period?

Patients with chronic HF are usually on multiple medica-
tions, mostly for heart rate control (BRB: beta receptor
blockers, CCB: calcium channel blockers, digoxin, amio-
darone, class 1A-C antiarrhythmic agents), blood pressure
control (ACEI: angiotensin-converting enzyme inhibitors,
ARB: angiotensin receptor blockers, etc.), diuretics, antico-
agulants, and various other medications. The most important
drugs, considered to be the mainstay of HF therapy, are
listed below.

BRB

Beta blockers should be continued if the patient is on BRBs
chronically. Most of the data regarding beta blockers derives
from patients with CAD. It is unclear whether the results of
these studies can be extrapolated to the HF population. If
bradycardia/hypotension occurs, BRBs may need to be
temporarily discontinued. Uncompensated HF is a relative
contraindication to BRBs and patients may be at an
increased risk for stroke. If BRBs are about to be started,
they should not be started on the day of surgery. 2–7 days
before surgery is preferred time line to start BRBs; however,
some studies suggest to initiate therapy >30 days prior to
surgery.

CCB

These agents have significant negative inotropic properties
and may precipitate or worsen HF in patients with a
depressed LVEF or apparent HF. Therefore, these agents are
not commonly used in patients with HF. In patients who take
CCB as a part of their home medication regimen, CCB
frequently have to be held preoperatively.

Digoxin

Data regarding digoxin in the perioperative period is very
limited. Postoperative supraventricular arrhythmias are less
frequent if digoxin is continued, but the anesthesiologist
must be prepared to treat digoxin-induced arrhythmias (e.g.,
bradyarrhythmias/sinus bradycardia, tachyarrhythmias, ven-
tricular ectopy, SA nodal block, and arrest).

ACEI/ARB

ACEI/ARB should be continued in HF patients throughout
the perioperative period, if the blood pressure permits. If
they are held, they should be restarted as soon as the clinical
situation allows. About 50% of patients on ACEI/ARB
temporarily experience intraoperative hypotension that may
require treatment with volume expansion, vasopressors, or
inotropic agents.

Aldosterone Antagonists

Hyperkalemia is a potential side-effect; therefore, a preop-
erative serum potassium level check is warranted.

Diuretics

Hypovolemia and hypokalemia are the most common
side-effects of loop diuretics. Electrolytes should be checked
preoperatively, as well as intraoperatively with the occur-
rence of large volume shifts/diuretic administration.

Anticoagulants

The risk of surgical bleeding has to be weighed against the
benefits of anticoagulation (e.g., the development of cere-
brovascular accidents, pulmonary embolism, and deep
venous thrombosis). Bridging from anticoagulants with a
long half-life to shorter acting agents (e.g., intravenous
heparin/bivalirudin) may be necessary.

Your Patient Has an Implantable
Cardioverter-Defibrillator (ICD). How Would
You Manage It Intraoperatively? Would You
Use a Magnet? Would You Call
an Electrophysiologist to Deactivate
the Device?

Patients with advanced heart failure often have an implan-
table cardioverter–defibrillator (ICD) for primary or sec-
ondary prevention of sudden cardiac death, or a biventricular
pacemaker for cardiac resynchronization therapy (CRT) im-
planted. The various modes of pacing and resynchronization
therapy are beyond the scope of this chapter.

Monopolar electrocautery can cause interference with
ICDs and pacemakers or cause damage to the device. ICDs
may interpret electrocautery as tachycardia and deliver
antitachycardia pacing or inappropriate shocks. The pace-
maker can be inhibited by electrocautery and stop pacing the
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heart, which is deleterious for patients who are pacemaker-
dependent.

Applying a magnet over a pacemaker will temporarily
switch the pacemaker to asynchronous ventricular pacing
(VOO mode). If the preprogrammed rate is too slow, the
symptoms of heart failure might get worse and the
pacemaker/electrophysiology service should be consulted to
reprogram the pacemaker to a higher rate.

The response of an ICD to the placement of amagnet on top
of the device is different. ICD therapy will be suspended, but
pacing function and mode are unaffected. An external defib-
rillator has to be immediately available, ideally with hands-off
pads attached. If the patient is pacemaker-dependent, the ICD
has to be temporarily reprogrammed to an asynchronous
mode, as it might be inhibited by electrocautery when pro-
grammed to a mode that includes sensing of the patient’s
underlying rhythm (DDD(R), VVI, etc.).

Bipolar electrocautery offers the advantage of less inter-
ference with ICDs and pacemakers. If monopolar cautery is
to be used, the current return pad should be placed in a
fashion so that the current does not pass through or nearby
the pulse generator and leads, although this might not
completely avoid interference [12].

What Problems Can You Anticipate When You
Induce a Patient with HF?

The patient is at risk for.

– Hypotension
– Hypertension
– Arrhythmia.

Discuss the Reasons Why the Patient May
Become Hypotensive

– The patient may have a limited contractile reserve. Most
anesthetic agents, including most volatile agents, have
negative inotropic properties. If the patient lacks the
ability to increase the heart rate (e.g., secondary to beta
receptor blockade), the cardiac output (CO) will fall with
a concomitant drop in blood pressure.

– The systemic vascular resistance (SVR) may drop with
induction of anesthesia. In patients with chronically
reduced cardiac output, the SVR is typically elevated in
order to maintain a blood pressure (BP) that is sufficient
for organ perfusion.

– Remember: MAP = CO × SVR.

– Most patients with advanced heart failure are on high
doses of diuretics and may present with intravascular
volume depletion.

– The filling of the left ventricle in the failing heart and in a
heart with diastolic dysfunction becomes increasingly
dependent on atrial systole (“atrial kick”).Heart failure itself
puts the patient at risk for developing atrial fibrillation, by
mechanisms such as atrial stretch, electrolyte imbalances,
and possible neurohumoral factors (release of nore-
pinephrine, stress of surgery, and inflammatory mediators).

What Are the Determinants of Cardiac
Output?

– Heart rate and rhythm
– Preload
– Afterload
– Myocardial contractility (inotropy)
– Myocardial relaxation (lusitropy).

Cardiac output CO = (stroke volume [SV]) × (heart rate
[HR]).

The stroke volume is mainly determined by preload (i.e.,
ventricular filling), contractility, duration of contraction, and
afterload. With increasing preload, the contractility increa-
ses, therefore increasing stroke volume, up to a certain point,
when a plateau is achieved and a further increase in preload
does not lead to an improvement in stroke volume (the “flat
part” of the Frank-Starling relationship).

What Anesthetic Technique Would You
Choose for the Hip Replacement? Discuss
the Options in Terms of Hemodynamic
Sequelae

This procedure can be performed under regional, neuraxial,
or general anesthesia. All the anesthetic modalities are
acceptable and the choice is primarily guided by the type of
surgery, contraindications to the specific technique, and the
patient’s preference. Regional anesthesia has the benefit of
offering preemptive postoperative analgesia and avoidance
of respiratory complications.

Hypotension is a possible side effect from neuraxial
anesthesia, especially in patients with advanced heart failure
on high doses of diuretics. Possible contraindications to
neuraxial techniques in this specific patient population are
the use of anticoagulants, the inability of the patient to tol-
erate positioning for the procedure, and patient refusal.
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How Would You Perform Neuraxial
Anesthesia?

Sympathectomy from neuraxial anesthesia can lead to pro-
found hypotension in patients with advanced heart failure
who are intravascularly volume depleted. Careful fluid
administration may restore the blood pressure, as patients
with HF are preload-dependent, especially in patients with
diastolic dysfunction. However, volume overload with all its
consequences (pulmonary edema) has to be avoided. Instead
of large amounts of fluid, the use of alpha-1 agonists
(phenylephrine, norepinephrine) and/or inotropes (ephe-
drine) is preferred. Instead of single shot spinal anesthesia, a
combined spinal–epidural technique can be used. The
intrathecal local anesthetic dose should be reduced.
Intrathecal opioids may be added, and the epidural anesthetic
should be titrated to the surgically desired level. Another
option would be plain epidural anesthesia with careful
titration of local anesthetic.

How Would You Induce General Anesthesia
in This Patient?

Patients with HF often are unable to lie flat because of
dyspnea/orthopnea. Furthermore, these patients are prone to
developing hypotension after induction, as anesthetic agents
often decrease contractility, heart rate, preload, and after-
load. Several induction agents with different properties can
be used; the choice also depends on patient characteristics,
and provider preference. The ideal induction agent would
have a quick onset, without producing hypotension or other
side effects. Rapid organ independent clearance would be
another ideal feature. In general, a moderate dose of an
opioid (fentanyl 1–2 mcg/kg, sufentanil 0.1–0.2 mcg/kg), in
combination with either ketamine (1–3 mg/kg), etomidate
(0.2–0.3 mg/kg), or propofol (0.5–2 mg/kg) will induce an
anesthetic state and blunt the hemodynamic response to
intubation. A muscle relaxant with a quick onset can be used
to facilitate intubation.

What Agents Would You Use for Maintenance
of Anesthesia?

Both total intravenous anesthesia and the use of volatile
anesthetics, are reasonable. A dose reduction may be nec-
essary to avoid cardiovascular compromise. Supplementa-
tion with opioids and benzodiazepines can help reduce the
need for volatile anesthetic agents/IV anesthetic agents and
improve hemodynamic stability.

How Would You Monitor Hemodynamic
Parameters Intraoperatively?

The monitoring standards of the American Society of
Anesthesiology (ASA) apply in this patient population: EKG,
blood pressure, oxygen saturation, circulatory function,
temperature, inspired and expired gas concentration (during
general anesthesia). Additionally, the following monitoring
should be considered, depending on the patient status.

Continuous Invasive Blood Pressure

Continuous blood pressure monitoring via an arterial line
(“a-line”) is crucial in patients with advanced heart failure
who are undergoing procedures with anticipated significant
hemodynamic alterations. Frequent blood gas samples can
be drawn from the arterial line. In patients with
pre-anesthesia hemodynamic compromise, the arterial line
may be placed pre-induction.

Central Venous Catheter (CVL)

A central venous line allows the administration of vasoactive
drugs, as well as monitoring of the central venous pressure
and analysis of the waveform. The absolute value of the
central venous pressure (CVP) may not reveal the patient’s
volume status, but changes can indicate hemodynamic
deterioration or acute decompensation (e.g., sudden increase
in CVP as a consequence of acute right heart failure). The
waveform can also give additional information about cardiac
function (e.g., tall c-v waves as a sign of functional tricuspid
regurgitation secondary to acute RV dilatation, or loss of the
y-wave in cardiac tamponade).

Whether a central line needs to be placed depends on the
patient’s baseline hemodynamic status, the anticipated fluid
shifts, and the likelihood of requiring vasopressors/
inotropes.

Pulmonary Artery Catheters (PAC)

Placement of a PAC is not routinely recommended, as the
current data does not suggest an improved outcome. How-
ever, in selected patients the insertion of a PAC is reason-
able, especially in patients with severe/decompensated HF
with expected large fluid shifts or pulmonary hypertension.
PACs allow continuous cardiac output monitoring, but
placement and interpretation of the obtained values require
expertise.
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Transesophageal Echocardiography (TEE)

Monitoring with TEE is useful in patients with severe left
and/or right ventricular dysfunction. New wall motion
abnormalities can be detected with high sensitivity. Res-
cue TEE may provide insight into the etiology of intraop-
erative hemodynamic instability (e.g., from hypovolemia,
decreased LV/RV function, tamponade, new regional wall
motion abnormalities, increased pulmonary artery pressure,
pulmonary emboli, valvular regurgitation/stenosis, etc.).

Discuss the Hemodynamic Management.
What Vasopressor, or Inotropes,
Would You Use?

Vasopressors

The most commonly used vasopressors are phenylephrine,
dopamine, norepinephrine, and vasopressin. They are used
to increase blood pressure for maintaining organ perfusion,
although an increased afterload in patients with HF may
decrease the cardiac output.

Dopamine is a dose-dependent inotrope and vasopressor,
with vasoconstrictive effects through alpha-1 receptors dom-
inating in doses >10 mcg/kg/min. Arrhythmia and tachycar-
dia are caused by the beta-1 effects. The use of dopamine in
patients in cardiogenic shock has been associated with an
increased mortality compared to norepinephrine [13].

Norepinephrine produces vasoconstriction by stimula-
tion alpha-1 receptors, and inotropy through stimulation of
the beta-1 receptors. As a result the blood pressure increases,
without a drop in cardiac output (can even increase CO).

Vasopressin is a pure vasopressor. It is used in patients
with shock refractory to other medication, but also in
patients with low SVR caused by ACEI therapy. It does not
increase pulmonary vascular resistance (PVR) and is pre-
ferred in patients requiring pharmacologic support of the
right ventricle with concomitant inodilator use, to treat the
decrease in systemic vascular resistance without increasing
right ventricular afterload.

Inotropic Agents

Epinephrine is both a dose-dependent vasopressor and
inotrope. With doses >5 mcg/min the vasopressor effect
mediated through alpha-1 receptors dominates. Epinephrine
has pro-arrhythmogenic properties.

Dobutamine is an inotrope with predominantly beta-1
synergistic effects. Because of the lack of alpha-1 agonistic
properties it only increases the cardiac output (contractility
and chronotropy), and the use of dobutamine in some

patients may lead to a small reduction in blood pressure.
However, in HF patients the cardiac output is usually low
and an increase in cardiac output most often leads to an
increase in blood pressure.

Vasodilators/Inodilators

Nitroglycerin at low doses dilates mainly the venous
capacitance vessels, leading to a decrease in preload. At
higher doses it leads to arterial dilation, including the large
epicardial arteries, thereby improving myocardial perfusion
without inducing a steal phenomenon.

Nitroprusside is a nitric oxide (NO) donor that dilates
arterial vessels more than veins, thereby mainly decreasing
afterload. It has a fast onset and wears off quickly. Prolonged
infusion or infusion at higher doses leads to cyanide toxicity.

Nicardipine/Clevidipine are calcium antagonists of the
dihydropyridine type. They act selectively on the smooth
muscles of the arteries, thereby reducing afterload. Clev-
idipine has a half-life of 1 min and it is broken down by
blood and tissue esterases, making it an attractive alternative
to nitroprusside.

Milrinone is a phosphodiesterase (PDE 3) inhibitor that
increases myocardial contractility and decreases left ven-
tricular afterload by reducing the systemic vascular resis-
tance. It is less arrhythmogenic than dobutamine and is
effective in patients with heart failure with downregulated
beta-adrenergic receptors. Its usability is limited by the fact
that it can induce severe hypotension, especially if admin-
istered as a bolus.

What Are Common Arrhythmias Seen
with HF?

Ventricular fibrillation (VF) or ventricular tachycardia
(VT) usually requires immediate defibrillation or car-
dioversion. Slow VT is sometimes tolerated for a brief
period, but cardioversion should be done for the patient as
soon as possible. Even after successful cardioversion the
patient may go back into VT/VF, therefore it is prudent to
start an antiarrhythmic agent.

Atrial fibrillation (AF) is a common arrhythmia in HF
patients. Hemodynamically unstable patients usually require
cardioversion, whereas the treatment goal in stable patients
is rate control. In the acute setting of new onset AF, it is
reasonable to initiate antiarrhythmic therapy with short act-
ing agents (diltiazem, esmolol), although amiodarone offers
the advantage of less hypotension, especially when given as
an infusion. Digoxin has been used as an antiarrhythmic
agent, but it usually takes hours to take effect, even with a
rapid dosing regimen.
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Bradycardia is usually not well-tolerated in patients with
HF, as it leads to systemic hypoperfusion, especially in patients
with severely decreased LVEF. Atropine/glycopyrrolate are
treatment options, although atropine can cause prolonged
tachycardia and crosses the blood–brain barrier, which can lead
to unwanted side effects in elderly patients (confusion, agita-
tion, etc.). Dobutamine, dopamine, isoproterenol, and epi-
nephrine have positive chronotropic properties and offer the
advantage of having a shorter half-life than atropine/
glycopyrrolate. In some cases, transcutaneous (pacing pads)
or transvenous pacing may be necessary.

What Are Your Therapeutic Options
in Patients with Advanced HF Refractory
to Inotropic and Vasodilator/Vasoconstrictor
Therapy?

Therapeutic options in instances where pharmacologic
therapy of HF does not lead to improvement or in acutely
decompeted HF, it may be necessary to consider initiation of
therapy with cardiocirculatory assist devices (e.g.,
intra-aortic balloon counter-pulsation: IABP, left or biven-
tricular assist devices, venoarterial extracorporeal membrane
oxygenation: VA-ECMO). All of these invasive treatment
options require the involvement of interventional cardiolo-
gists and/or cardiac surgeons.

How Would You Treat Right Ventricular
Failure?

Patients with HF are prone to developing right ventricular
(RV) failure, either secondary to ischemia, tachycardia/
bradycardia, or tricuspid regurgitation. The RV is not able to
pump blood against a high pulmonary vascular resistance,
and is usually dependent on preload; therefore, hypovolemia
can lead to decreased RV output and as a consequence to
decreased LV output. In the failing heart the RV may not be
able to deal with hypervolemia and the RV can acutely dilate
and decompensate. Severe tricuspid regurgitation can also
lead to RV volume overload. Functional tricuspid valve
insufficiency can arise from RV dilation, as this leads to
tricuspid annular dilation reducing the coaptation reserve of
the tricuspid valve leaflets.

The treatment of RV failure consists of optimizing pre-
load and afterload, as well as increasing RV contractility.

Pre-/afterload optimization:

– avoidance of high airway pressure (e.g., intrinsic PEEP)
– inhaled nitric oxide/prostanoids to decrease pulmonary

vascular resistance (PVR)
– avoidance of hypercarbia, acidosis

– avoidance of hypoxemia.

Increasing contractility:

– inotropes and inodilators: milrinone, epinephrine,
dobutamine

– vasopressors for hypotension that don’t increase PVR:
vasopressin

– mechanical support (right ventricular assist device,
VA-ECMO).

With the Knowledge of How to Diagnose
and Treat Heart Failure, How Would You
Proceed with the Patient?

The patient has a history of heart failure which is treated
with a beta receptor blocker, an angiotensin-converting
enzyme inhibitor, and a diuretic. However, the patient’s
functional status has recently declined; he has dyspnea with
minimal exertion (NYHA III from a previous NYHA II).
The patient qualifies for further work-up (ECG, TTE) and
preoperative optimization before undergoing an elective
procedure with significant blood loss.
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4Hypothermia

Dirk J. Varelmann

1. What is the definition of hypothermia?

The definition of hypothermia can vary. Experts from
various fields define mild, moderate, deep, and profound
hypothermia differently. For patients after cardiac arrest, a
temperature range of 32–34° is often referred to as “thera-
peutic hypothermia”.

The Collaborative Research (CORE) Group suggested in
a consensus paper on hypothermia in aortic arch surgery the
following classification [1]:

– mild: 28.1–34 °C
– moderate: 20.1–28 °C
– deep: 14.1–20 °C
– profound: ≤14 °C

The temperature was assessed in the nasopharynx.

2. What are the effects of hypothermia on cerebral
metabolism?

The cerebral metabolism decreases by 6–10% for each
1 °C reduction in body temperature. Therefore at 32 °C,
the cerebral metabolic rate is reduced to half of the normal
value [2].

3. List other metabolic changes associated with
hypothermia

– increased fat metabolism with release of glycerol, free
fatty acids, lactate

– decreased insulin secretion

– insulin resistance
– increased blood oxygen levels as a result of decreased

extraction
– hypocarbia, if ventilator settings are not adjusted to

the decreased CO2 production.

What other protective mechanisms of hypothermia
are known?

– interruption of apoptotic pathways (caspase mediated)
– prevention of mitochondrial dysfunction
– mitigation of the destructive processes of the neuroex-

citatory cascade (accumulation of glutamate, intracellular
calcium influx)

– inhibition of ischemia-induced inflammatory reactions
– decreased production of nitric oxide (NO)
– reduced generation of oxygen free radicals
– reduction of ischemia-reperfusion induced vascular

permeability
– improved tolerance for ischemia.

What are the three phases of hypothermia
treatment?

1. Induction phase: start of cooling, for post-cardiac arrest
the temperature goal is 34 °C, which should be achieved
as quickly as possible

2. Maintenance phase: maintain the temperature with only
minimal fluctuations

3. Rewarming (or decooling) phase: slow controlled
warming (0.2–0.5 °C/h for cardiac arrest patients)

Name the most common side effects of hypothermia
during the induction (cooling) phase

– hypovolemia
– hyperglycemia
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– electrolyte disorders
– shivering
– cutaneous vasoconstriction [3, 4]

Frequent adjustments have to be made in ventilator set-
tings, insulin dose, vasoactive substances, sedation, and
electrolyte substitution.

The patient stabilizes during the maintenance phase. The
risk for hypovolemia, shivering, and electrolyte shifts is
greatly reduced. Shivering dramatically increases the meta-
bolic rate, the work of breathing, and myocardial oxygen
consumption. Shivering can be suppressed by sedatives,
anesthetics, and some other drugs (magnesium, clonidine,
meperidine, ketanserin, and bupropion). In extreme cases,
paralysis may be required [5].

During mild hypothermia, the systolic function of the
heart improves, but some mild diastolic dysfunction can
develop. The cardiac output decreases, as well as the heart
rate. However, oxygen supply and demand are still matched,
as the oxygen consumption decreases. Deep hypothermia
(Temp <30 °C) will lead to a decrease in contractility [6].

Rewarming (or: decooling) should be performed slowly,
with a rise in temperature of 0.2–0.5 °C/h. Rapid rewarming
can cause electrolyte shifts, with hyperkalemia being the
most dangerous. The patient’s sensitivity to insulin increases
with rising temperatures, and the insulin dose has to be
adjusted accordingly. Potassium that has been sequestered
intracellularly during hypothermia is released during
rewarming leading to hyperkalemia. The effect can be
ameliorated by slow rewarming or with renal replacement
therapy. Rapid rewarming can lead to significant decreases
in jugular venous oxygen saturation. After rewarming, nor-
mothermia has to be maintained, as hyperthermia can negate
the positive effects achieved by hypothermia [7].

What is the temperature goal for therapeutic
hypothermia after cardiac arrest?

The Hypothermia After Cardiac Arrest Study Group
(“HACA”) included 275 patients, with the therapeutic
hypothermia group cooled to a goal temperature of 32–34 °C.
These data have been the basis for most guidelines and rec-
ommendations. Recently a large study randomized 950
unconscious patients after cardiac arrest with presumed car-
diac etiology to a targeted temperature management of either
33 or 36 °C. Both groups scored similarly on the modified
Rankin scale as a parameter for neurologic outcome [8]. It is
worthmentioning that the patients in the latter study had active
temperature management in place for 72 h after cardiac arrest
to avoid fever and hyperthermia.

Briefly explain the mechanism of hypothermia leading
to hypovolemia during hypothermia

The combination of several factors lead to so-called cold
diuresis [9]:

• increased venous return from vasoconstriction from
activation of the sympathetic system with secretion of
norepinephrine

• activation of atrial natriuretic peptide (ANP)
• decreased level of antidiuretic hormone (ADH)
• renal tubular dysfunction

The at times brisk diuresis can lead to electrolyte
imbalances and hypotension from hypovolemia.

What are the heart rhythm and rate changes expected
with hypothermia?

Changes in heart rate and rhythm are temperature dependent.
The initial increase in venous return with hypothermia can
lead to sinus tachycardia, which is usually mild. Sinus
bradycardia develops at temperatures <35.5 °C. Action
potentials and spontaneous depolarization are prolonged,
and the conduction velocity is decreased, resulting in pro-
longed PR and QT intervals, as well as widening of the QRS
complex. A J-wave (Osborn wave) is sometimes observed.
Whereas mild hypothermia decreases arrhythmias, severe
hypothermia (<28 °C) will increase the risk of arrhythmias
and make the treatment more challenging. Development of
atrial fibrillation at temperatures <30 °C is a warning sign
and should prompt rewarming to >30 °C. Other arrhythmias
that can be seen with temperatures <28 °C are ventricular
tachycardia (VT) and ventricular fibrillation (VF).

What are the effects of hypothermia on coronary
perfusion?

With mild hypothermia the oxygen demand versus supply
balance shifts in favor of the myocardium: the metabolic rate of
oxygen consumption decreases in patients without coronary
artery disease and the coronary perfusion increases. In severely
atherosclerotic coronary arteries, hypothermia can induce
vasoconstriction [10]. It is important to avoid shivering, as this
may increase the metabolic rate by 40–400% [11, 12].

Will hypothermia lead to severe bleeding?

Platelet dysfunction occurs at temperatures <34 °C. Once
the temperature drops below 33 °C, the function as well as
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the synthesis of clotting factors will be affected [13]. The
risk of severe bleeding, however, with therapeutic mild
hypothermia is relatively small.

Does hypothermia increase the risk of infection?

Intra- and postoperative hypothermia have been linked with
an increase in wound infections and pneumonia. With thera-
peutic cooling, the risk of infections increases with prolonged
duration (>24 h), although there seems to be no increase in
mortality [14]. The beneficial effects (decreased synthesis of
proinflammatory cytokines causing neuroinflammation) out-
weigh the risk imposed by infection. The physician needs to
be vigilant about infections during induced hypothermia.

What is the impact of intraoperative hypothermia on
patient morbidity?

Several studies have reported an increased cardiac morbid-
ity, coagulopathy, and an increase in surgical site infections
(SSI) with hypothermia [15–18]. Intraoperative normother-
mia (end of case temperature ≥36 °C without a warming
device or the documented use of forced-air device intraop-
eratively) is part of the Surgical Care Improvement Project
(SCIP) since 2006. However, the 36 °C threshold set by
SCIP and below which complications are more likely to
occur is somewhat arbitrary [19]. The most practical and
well-studied way to keep patients warm intraoperatively is
by using forced-air warming devices.

How fast should the patient be rewarmed after being
cooled for cardiac/vascular surgery?

Fast rewarming rates during cardiopulmonary bypass can
lead to high cerebral temperatures offsetting the potential
neuroprotective benefits. The actual brain temperature may
be higher than the temperature measured at other sites (e.g.,
pulmonary artery, nasopharyngeal, esophageal, rectum, and
bladder). The rewarming rate on cardiopulmonary bypass is
limited by the pump flow, the patient’s characteristics
(weight), and the blood temperature at the arterial (outflow)
cannula. As high blood temperature can lead to cerebral
hyperthermia and all its sequelae, an early and slower
rewarming is preferred, with the CPB perfusate temperature
kept at or below 37.0 °C [20, 21].

What is the best compartment/site to measure the
temperature when rewarming on cardiopulmonary
bypass?

The organ that is most susceptible to injury from hyper-
thermia is the brain. Unfortunately the cerebral temperature
is not accessible for direct temperature measurement.

Although the jugular bulb temperature underestimates the
cerebral temperature, it most closely reflects the actual brain
temperature compared to temperatures measured in other
compartments [20, 22]. The bladder and rectal temperatures
underestimate brain temperature by 2–4 °C when rewarming
the patient to 37 °C. The nasopharyngeal and esophageal
sites perform better than rectal or bladder sites [20].
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5Anesthetic Considerations in Patients
with Valvular Heart Disease

Heather L. Lander and Martin Zammert

Case
A 70-year-old female presents with a shortness of breath on
exertion and chest pain. She describes that she thought she
would pass out from lightheadedness

Medications:

Toprol XL 100 mg daily
Aspirin 81 mg daily
Calcium 1 tab daily

NKDA

Physical Exam: BP: 130/70, HR: 85, RR: 16, O2 Sat: 99%
on RA. There is an audible systolic murmur at the left sternal
border and concomitant holosystolic murmur at the apex
with radiation to the axilla.

1. What are possible etiologies of aortic stenosis?

The etiologies for aortic stenosis can be divided into two
categories:

(1) Congenital
a. Unicuspid/Bicuspid
b. Metabolic disease (Fabry’s)

(2) Acquired
a. Calcific disease
b. Rheumatic disease

c. Systemic Lupus Erythematosus (SLE)
d. Endocarditis

2. What are possible etiologies for mitral regurgitation?

The etiologies for mitral regurgitation can be divided into
two categories:

(1) Acute
a. Papillary muscle rupture
b. Endocarditis

(2) Chronic
a. Myxomatous degeneration
b. Ischemic heart disease
c. Mitral annular dilatation
d. Cardiomyopathy
e. Rheumatic disease
f. Connective Tissue Disorders

3. What are the different grades of aortic stenosis?
(Table 5.1) [1]

4. What are the different grades for mitral regurgitation?
(Table 5.2) [1]

5. What is the natural progression of aortic stenosis?

Aortic stenosis is the most common valvular lesion in the
United States. Aortic stenosis is classically associated with a
prolonged asymptomatic period followed by rapid develop-
ment of symptoms. The three primary symptoms are angina,
syncope and dyspnea on exertion (symptom of heart failure).
Without intervention, these correlate with an average life
expectancy of two to five years.

Risk factors for developing aortic stenosis include:
increased age, male gender, dyslipidemia, diabetes, hyper-
tension, smoking, renal insufficiency, or abnormal valve
substrate. In high-risk patients, persistent inflammation,
shear stress and pro-calcific stimuli ultimately result in
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valvular obstruction, decreased left ventricular ejection
fraction and onset of symptoms. [2].

6. What is the natural progression of mitral regurgitation

Mitral regurgitation most commonly develops gradually
because the left atrium and left ventricle are initially able to
compensate for regurgitant flow. The left atrium accom-
modates the regurgitant volume by dilating, while the left
ventricle undergoes remodeling and hypertrophy to main-
tain adequate forward flow. However, with an increasing
regurgitant volume, the myocardial demand exceeds supply
and results in decreased forward stroke volume, reduced
cardiac output and subsequently decompensated heart
failure.

In instances of acute mitral regurgitation, there is an
abrupt increase in left atrial pressure without any time for left
atrial or ventricular compensation; thus, the patient often

develops acute pulmonary edema, decompensated heart
failure, and cardiogenic shock.

7. How does aortic stenosis change the physiology of the
heart?

The primary physiologic change in aortic stenosis is left
ventricular outflow obstruction. Left ventricular outflow
obstruction leads to an increased left ventricular systolic
pressure and a prolonged ejection time in order to maintain
cardiac output. To meet demand, the left ventricle undergoes
concentric hypertrophy. With the reduction in LV compli-
ance, the stroke volume becomes fixed. Myocardial oxygen
demand increases in the presence of a hypertrophied left
ventricle; however, coronary oxygen supply can be limited
secondary due to the myocardial hypertrophy. The result is
left ventricular dysfunction, myocardial ischemia and,
without intervention, left ventricular failure.

Table 5.1 Different grades of
aortic stenosis

Valve area (cm2) Maximal aortic velocity (m/s) Mean pressure gradient (mmHg)

Mild >1.5 <3.0 <25

Moderate 1.0–1.5 3.0–4.0 25–40

Severe 0.6–0.9 >4.0 >40

Critical <0.6 >4.0 >70

Table 5.2 Different grades for mitral regurgitation

Mild Moderate Severe

Angiographic
grade

1+ 2+ 3+–4+

Color Doppler
jet area

Small, central jet <4 cm2

or <20% of left atrial size
Signs of MR greater
than mild, but not
severe

Vena contracta width >0.7 cm2 with large central jet (area >40%
of left atrium) or with a wall-impinging jet swirling in left atrium

Doppler Vena
contracta
width (cm)

<0.3 0.3 – 0.69 ≥0.7

Regurgitant
volume (ml/beat)

<30 30-59 ≥60

Regurgitant
fraction (%)

<30 30-49 ≥50

Regurgitant
orifice
area (cm2)

<0.2 0.2–0.39 ≥0.4

Left atrial size Normal, unless other
causes of left atrial
dilation

Normal or dilated Dilated, except acute MR

Left ventricular
size

Normal, unless other
causes of left ventricular
dilation

Normal or dilated Dilated, except acute MR

Mitral leaflets or
support
apparatus

Normal or abnormal Normal of abnormal Abnormal/flail leaflet, ruptured papillary muscle
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8. How does mitral regurgitation change the physiology of
the heart?

The primary physiologic change in mitral regurgitation is
decreased forward flow. During systole, a portion of the left
ventricular end diastolic volume regurgitates back into the
left atrium, resulting in decreased forward flow, and left
atrial volume overload. Over time, the left atrium dilates
which can lead to arrhythmia such as atrial fibrillation.

9. What are surgical indications for aortic valve surgery?

• Severe high-grade aortic stenosis (Vmax ≥ 4 m/s and
ΔPmean ≥ 40 mmHg) with symptoms by history or on
exercise testing.

• Asymptomatic patients with severe high-grade aortic
stenosis (Vmax ≥ 4 m/s and ΔPmean ≥ 40 mmHg) and
left ventricular ejection fraction <50%.

• Asymptomatic patients with severe high-grade aortic
stenosis (Vmax ≥ 4 m/s and ΔPmean ≥ 40 mmHg) who
undergo other cardiac surgery [3].

10. What surgical treatment options can be offered to this
patient?

This patient is likely a candidate for open aortic valve
replacement, given her symptomatic, severe, high-grade aortic
stenosis. Given her advanced age, a bio-prosthetic valve is the
most likely choice as this avoids the need for life-long anti-
coagulation. Further investigation into her comorbidities is
required to determine her surgical risk, as percutaneous valve
replacement procedures are also an option.

11. What are the indications of a transcatheter aortic valve
replacement (TAVR)?

Transcatheter aortic valve replacement is a minimally
invasive procedure that was developed for patients with
symptomatic, severe aortic stenosis who are poor surgical
candidates or who have structural (either congenital or
acquired) abnormalities that prevent successful surgery.
There are three primary approaches from which a TAVR can
be performed: transfemoral, transapical, and transaortic.

12. What are the hemodynamic goals during induction of
general anesthesia in patients with severe aortic stenosis?

The hemodynamic goals for patients with severe aortic
stenosis include:

• Maintain normal sinus rhythm: Cardiac output is
dependent on an appropriately timed atrial contraction to

ensure maximal left ventricular end diastolic volume.
Ventricular filling is important as the stroke volume is
fixed in severe aortic stenosis due to a reduced LV
compliance.

• Avoid hypotension: Hypotension decreases coronary
perfusion and can result in decreased left ventricular
function and, consequently, decreased cardiac output.

• Avoid bradycardia and tachycardia: Heart rate is a major
determinant of left ventricular filling. Bradycardia
increases left ventricular filling time and can result in
over distension of the left ventricle. Tachycardia, on the
other hand, decreases left ventricular filling time and
decreases left ventricular end diastolic volume resulting
in reduced cardiac output. Tachycardia also increases the
oxygen demand of the hypertrophic myocardium and
oxygen supply can be reduced due to decreased coronary
perfusion time.

13. What is the approach for induction of anesthesia in
patients with multiple valvular pathologies?

In patients with multiple valvular pathologies, the leading
lesion should take priority with regard to induction goals. In
this case, the patient has severe aortic stenosis with con-
comitant mitral regurgitation. Induction should be planned
according to the goals for optimizing aortic stenosis.

14. What drugs should be avoided in patients with severe
aortic stenosis?

Medications to avoid include:

• Ketamine: Given that heart rate is a major determinant of
left ventricular filling and oxygen demand, the sympa-
thetic stimulation and tachycardia associated with keta-
mine makes it a poor choice.

• Medications that decrease SVR: Decreasing SVR results
in decreased cardiac output and an increased risk of
myocardial ischemia.

15. How should a patient with severe aortic stenosis
undergoing heart surgery be monitored?

Prior to induction, standard ASA monitors (EKG, NIBP,
temperature, oxygen saturation, and capnography) and an
arterial line should be placed for hemodynamic monitoring
during induction. Following induction, central venous
access and transesophageal echocardiography are appro-
priate for intraoperative monitoring and delivery of medi-
cations. In specific situations, a pulmonary artery catheter
may be indicated to help inform specific clinical
decision-making.
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16. Would a pulmonary artery catheter be indicated during
aortic valve surgery?

To date, no study has demonstrated improved outcomes in
critically ill patients monitored with pulmonary artery cathe-
ters versus non-invasive or clinical assessment. Additionally,
complications related to insertion and maintenance of pul-
monary artery catheters can result in serious adverse outcomes
for the patient. Such complications include: arrhythmias,
pneumothorax, massive hemorrhage (secondary to perfora-
tion of superior vena cava or right ventricle), and infection.

The decision to place a pulmonary artery catheter should
be made on an individual basis, where a specific patient
management question cannot be answered by non-invasive
methods or clinical assessment. Specific situations where
pulmonary artery catheter monitoring may provide helpful
information include: severe pulmonary hypertension, right
ventricular failure, severe lung disease, and tricuspid regur-
gitation [4].

17. What is the role of transesophageal echocardiography
during aortic valve replacement surgery?

Transesophageal echocardiography is used during aortic
valve replacement to guide appropriate selection of pros-
thesis size, confirm prosthesis seating and assess perivalvular
leak and pre/post-procedural valvular function.

In the case of aortic valve replacement surgery, trans-
esophageal echocardiography does not improve the surgical
outcome of the patient.

18. What are the guidelines for antibiotic prophylaxis in
patients with structural heart disease?

• According to the 2008 updated AHA guidelines for
recommended endocarditis prophylaxis, the following
patient populations should received antibiotic prophy-
laxis for dental procedures involving manipulation of
gingival tissue, invasive procedures on the respiratory
tract requiring biopsy or incision of respiratory mucosa
and with surgical procedures involving infected skin or
musculoskeletal tissue.

Patients with:

• Prosthetic heart valves
• History of infective endocarditis
• Unrepaired congenital heart defect (including palliative

shunts/conduits)
• Completely repaired congenital heart defects during the

first 6 months after the corrective procedure

• Repaired congenital heart disease with residual defect at or
adjacent to the site of prosthetic material, complex repairs

• Cardiac transplantation recipients with cardiac valvular
disease.

It is important to mention the AHA does not recommend
prophylaxis for patients having procedures involving the
gastrointestinal, genitourinary, or reproductive system [5].

19. What regional and neuraxial anesthetic techniques can
be used in patients with severe aortic stenosis under-
going non-cardiac surgery?

Neuraxial anesthetic techniques available to patients with
severe aortic stenosis include epidural and continuous spinal
anesthesia. Both allow for slow onset of anesthesia and close
titration of medication in order to avoid hypotension.

Regional techniques are another option for specific
non-cardiac cases as these also avoid induction and the
stimulus of intubation, which both can lead to hemodynamic
instability.
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6Mitral Stenosis

Agnieszka Trzcinka

CASE

A 52-year-old man presents with progressively worsening
shortness of breath at rest and dyspnea on exertion.
Echocardiography reveals evidence of mitral stenosis and
pulmonary hypertension. Patient presents for mitral valve
surgery.

Medications: Atorvastatin 80 mg daily, metoprolol 100 mg
daily, aspirin 81 mg daily

Allergies: NKDA

Past medical
history:

Chronic renal insufficiency

Physical exam:

Vital signs: HR: 84 BP: 124/62 RR: 14
oxygen saturation: 98% on room air

Patient is in no acute distress, but reports shortness of
breath when walking down the hallway. Lungs are clear to
auscultation bilaterally. 3/6 diastolic murmur is present.

Questions

1. What is the definition of mitral stenosis?

Mitral stenosis refers to a decreased mitral valve orifice
area resulting in obstruction of blood flow from the left
atrium into the left ventricle during diastole. The orifice area
of a normal mitral valve is 4–6 cm2. Patients become
symptomatic during increased physical activity when the
mitral valve area decreases to less than 2.5 cm2. Symptoms
may occur at rest when the mitral valve orifice area is less
than 1.5 cm2 [1–3].

2. What is the most common cause of mitral stenosis?

Rheumatic heart disease is the leading cause of mitral
stenosis worldwide. This disease process leads to thickening
of the mitral valve leaflets, thickening and fusion of sub-
valvular chordae as well as fusion of commissures. Less
commonly, mitral stenosis is associated with carcinoid
syndrome, mitral annular calcification, left atrial neoplasm,
systemic lupus erythematosus, cor triatriatum and congenital
abnormalities, such as parachute mitral valve [4–7].

3. What are typical symptoms associated with mitral
stenosis?

Patients most often report symptoms of dyspnea on
exertion that may progress to shortness of breath at rest. This
symptom stems from progressively increased left atrial
pressure from obstructed blood flow through small mitral
valve. This leads to elevated pulmonary venous and pul-
monary arterial pressure. Pulmonary hypertension may result
in hemoptysis.

Patients may also experience palpitations. Elevated left
atrial pressure leads to left atrial enlargement, which may
result in new-onset atrial fibrillation. This places patients at a
higher risk for thrombus formation and stroke.

Long-standing pulmonary hypertension contributes to
right ventricular failure, which may result in significant
peripheral edema [8].

4. How is mitral stenosis managed conservatively?

The most recent recommendations from the American
Heart Association include anticoagulation therapy for
patients with mitral stenosis and a history of any of the
following:

(1) Embolic event in the past
(2) Atrial fibrillation (paroxysmal or persistent)
(3) Evidence of thrombus in left atrium.
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Additionally, heart rate should be controlled in patients
with mitral stenosis who develop atrial fibrillation (i.e.,
treatment with beta-blockers) [9, 10].

5. What echo findings are consistent with mitral
stenosis?

In patients with mitral stenosis stemming from rheumatic
heart disease, valve leaflets appear thickened with varying
degree of valvular and subvalvular calcification. Depending
on the duration and severity of the mitral stenosis,
echocardiography reveals an increased transmitral pressure
gradient and left atrial enlargement. Long-standing pul-
monary hypertension associated with mitral stenosis results
in dilatation of the right ventricle and subsequent right
ventricular failure. Up to 30% of patients with mitral stenosis
may have left ventricular dysfunction [11, 12].

6. How is mitral stenosis severity graded?

Echocardiography is the recommended tool to grade
mitral stenosis, which can be evaluated using: pressure
gradient, mitral valve area planimetry, pressure half-time,
and the continuity equation. The grading of mitral
stenosis is based mainly on the direct measurement or
calculation of the mitral valve area (mean pressure gra-
dient and pulmonary artery pressure values are only
supportive findings). MVA of more than 1.5 cm2 corre-
sponds to mild mitral stenosis, MVA between 1.0 and
1.5 cm2 corresponds to moderate mitral stenosis, and
MVA of less than 1.0 cm2 is classified as severe mitral
stenosis [11, 12].

7. What physical exam findings are consistent with
diagnosis of mitral stenosis?

Auscultation reveals a diastolic murmur that is appreci-
ated best at the apex with the patient resting on left side.
Often, there is an opening snap heard after S2 [13].

8. How do you define pulmonary hypertension?

The definition of pulmonary hypertension includes a
mean pulmonary artery pressure above 25 mmHg and a
pulmonary artery occlusion pressure below 15 mmHg on
repeated measurements [14].

9. What is the current classification of pulmonary
hypertension?

According to World Health Organization, pulmonary
hypertension can be classified as:

(1) Pulmonary arterial hypertension
(2) Pulmonary hypertension associated with left heart

disease
(3) Pulmonary hypertension related to lung disease and/or

hypoxemia
(4) Pulmonary hypertension associated with chronic

thromboembolic disease
(5) Pulmonary hypertension associated with miscellaneous

disorders, such as sarcoidosis and lymphangiomatosis
[15].

10. What are your main anesthetic management con-
siderations in the patient with mitral stenosis?

(1) Maintain normal heart rate and rhythm: increased heart
rate leads to shorter diastole and an elevated
trans-mitral pressure gradient

(2) Prevent worsening of pulmonary hypertension which
would contribute to decreased right ventricular function

(3) Provide adequate preload [16].

11. What factors contribute to worsening pulmonary
hypertension during the perioperative period?

Hypoxemia, hypercarbia, and acidosis may worsen the
patient’s pulmonary hypertension. It is important to avoid
heavy preoperative sedation in patients with mitral stenosis
and administer supplemental oxygen if small doses of
premedication are given.

12. What monitors are needed for this patient?

Placement of an arterial line will help anesthesiologist with
early recognition and treatment of BP changes during the
perioperative period as well as frequent arterial blood gas
evaluations. Since induction of anesthesia may be associated
with marked hemodynamic instability in patients with mitral
stenosis, the arterial line should be placed before induction.
Transesophageal echocardiography (TEE) will be used in this
patient scheduled for mitral valve surgery to further assess
valvular pathology. TEE is also a useful tool to evaluate left and
right ventricular function as well as ventricular filling. The
anesthesiologist may consider placement of a pulmonary artery
catheter taking into consideration that pulmonary artery pres-
sure values may not accurately reflect left ventricular filling in
patients with mitral stenosis and pulmonary hypertension [16].

13. How are you going to induce anesthesia in this
patient?

It is important to avoid tachycardia during the perioper-
ative period and the patient should continue his current
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beta-blocker treatment preoperatively. Heart rate may still be
difficult to control during laryngoscopy. The anesthesiologist
may choose to use a large dose of opioid during induction to
blunt the tachycardia response during laryngoscopy.
Beta-blockers should be readily available to treat tachycardia
as well.

14. How will you treat hypotension that occurs shortly
after induction?

The goal is to optimize cardiac output when addressing
hypotension in the setting of mitral stenosis. Fluid may be
needed to provide adequate preload, but the anesthesiologist
must monitor for possible signs of acute pulmonary edema
that may develop in a patient with severe mitral stenosis.
Phenylephrine (alpha-1 agonist effect) may be needed to
treat vasodilation after induction and will increase afterload
to maintain coronary perfusion. The anesthesiologist must
also evaluate the EKG to assess for normal sinus rhythm and
avoid tachycardia.

15. How are you going to treat new acute-onset atrial
fibrillation with rapid ventricular response
intra-operatively?

Tachycardia is detrimental to a patient with mitral
stenosis and results in an elevated trans-mitral pressure
gradient. Additionally, atrial fibrillation (especially atrial
fibrillation with rapid ventricular response) would contribute
to further hemodynamic instability due to decreased left
ventricular filling with loss of atrial kick. Therefore, the
patient would need cardioversion.

16. Would you administer antibiotic prophylaxis before
a dental procedure for prevention of infective endo-
carditis in patients with severe mitral stenosis?

No. Patients with mitral stenosis do not need infective
endocarditis prophylaxis. Patients in need of such therapy
include those with: a history of endocarditis, prosthetic
intracardiac valves, unrepaired cyanotic congenital heart
disease, repaired congenital heart disease with prosthetic
material for the first 6 months following the repair, s/p heart
transplantation with valvular pathology, and repaired con-
genital heart disease with remaining defect [9, 17].
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7Eisenmenger Syndrome

Marilyn Diane Michelow

CASE:

A 37-year-old woman who immigrated to the United States
in her late 20s presents to the emergency department with
three days of right upper quadrant pain, low grade fevers,
nausea, and vomiting. She is diagnosed with acute chole-
cystitis by ultrasound and scheduled for urgent cholecys-
tectomy. Her medical history is significant for a large
ventricular septal defect that was not corrected in childhood.
She has a diagnosis of Eisenmenger’s syndrome and is
followed by an adult congenital heart disease specialist. She
states her baseline oxygen saturation is 88% on room air.

Medications:

Furosemide 40 mg oral twice daily
Sildenafil 10 mg oral three times per day
Bosentan 125 mg oral twice daily
Allergies: No known drug allergies

Past Medical History:

Cardiac: Uncorrected large ventricular septal defect, recent
right heart catheterization documenting right ventricular
systolic pressures >100 mmHg and a right to left shunt.
No history of arrhythmias or endocarditis
Pulmonary: Documented pulmonary hypertension secondary
to Eisenmenger’s syndrome. Baseline oxygen saturation is
88% on room air. One episode of hemoptysis three years ago
that resolved spontaneously.
Renal: Chronic renal impairment with elevated creatinine,
gout

Physical Exam:
Vital signs: Blood pressure 110/90 Heart rate 90, sinus
rhythm Respiratory rate 18 Oxygen Saturation 87% room air
General: The patient is visibly cyanotic, no acute distress
Cardiovascular: Regular rate and rhythm. Heart is enlarged.
Holosystolic murmur audible throughout
Pulmonary: Lung sounds are clear to auscultation bilaterally
Abdominal: Right upper quadrant tenderness to palpation
with positive Murphy’s sign
Extremities: 1+ pitting edema bilaterally, hypertrophic
osteoarthropathy, peripheral cyanosis
Laboratory studies:
Na 138 K4.7 Cl 108 HCO3 22 BUN 40 Cr 1.9
WBC 14 K Hematocrit 65% Platelets 90
Liver function tests notable for total bilirubin 3.6 with ele-
vated alkaline phosphatase. AST and ALT are normal
Coagulation studies are pending

1. What is Eisenmenger’s Syndrome?

Eisenmenger’s Syndrome is characterized by irreversible
pulmonary hypertension resulting from an uncorrected
congenital cardiac anomaly. Patients with Eisenmenger’s
syndrome have a longstanding left to right shunt (through an
intracardiac or aortopulmonary congenital lesion, such as a
ventricular septal defect, atrial septal defect, or patent ductus
arteriosus) that over time causes endothelial changes in the
pulmonary vasculature leading to pulmonary hypertension.
As right-sided pressures approach systemic pressures, the
shunt is reversed, right to left or bidirectional. As a result of
their reversed shunt, these patients have arteriovenous mix-
ing and chronic cyanosis, with baseline arterial saturations of
70–95% on room air.

At the 5th World Symposium on Pulmonary Hyperten-
sion held in 2013, Eisenmenger’s syndrome was classified as
Group 1 Pulmonary Hypertension [1].
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2. Discuss the common complications of Eisenmenger’s
syndrome by system (see Table 7.1).

3. What is the predicted perioperative mortality for
patients with Eisenmenger’s syndrome undergoing
noncardiac surgery?

There is a range in the reported literature, but generally
perioperative mortality is high. 7–18% in one large study, but
higher for emergent procedures. One recent study found a 25–
30% perioperative mortality rate for patients with Eisen-
menger’s syndrome undergoing major surgery or labor [2].

4. What are the predictors of poor post-operative func-
tion in a patient with Eisenmenger’s syndrome?
• Low baseline functional status
• Clinical signs of heart failure
• History of arrhythmia or current arrhythmia
• Elevated right atrial pressure
• Right ventricular hypertrophy or other repolarization

abnormalities on EKG
• Complex cardiac anatomy

5. Describe the factors that will increase pulmonary
vascular resistance
• Hypoxia
• Hypercarbia
• Metabolic acidosis
• Hypothermia
• Agitation
• Pain
• Tracheal suctioning

6. How do you calculate pulmonary vascular resistance
(PVR)? What are the normal values? What can you
expect PVR to be in this patient?

((mean pulmonary artery pressure − pulmonary capillary
wedge pressure)*80)/Cardiac output (L) = PVR in dyne*s*cm−5

Normal values for PVR are approximately
<250 dyne*s*cm−5, but can be >800 in patients with
Eisenmenger’s syndrome.

7. Discuss the major targeted therapies available for
pulmonary hypertension (Table 7.2)

8. What is the appropriate preoperative testing for a
patient with Eisenmenger’s syndrome?
• Recent echocardiogram to assess right ventricular

(RV) function
• Recent right heart catheterization for measurement of

pulmonary and right ventricular pressures (in an
emergent situation, estimation of pulmonary artery
systolic pressures using the TR jet on echocardiogram
would be reasonable instead of catheterization)

• Pulmonary function tests, especially for thoracic
surgical procedures

• Labs including CBC (looking for baseline hematocrit,
platelets), CMP (electrolyte abnormalities from
diuretics, renal dysfunction, hyperbilirubinemia,
hyperuricemia), coagulation studies including fib-
rinogen (clotting factor deficiencies, hypofibrinogen-
emia), BNP if this has been serially followed

• Electrocardiogram looking for arrhythmias and repo-
larization abnormalities

• Referral to a pulmonary hypertension specialist to opti-
mize the perioperative pulmonary hypertension regimen

• Assessment of functional status [1]

9. Discuss the hemodynamic considerations for an
anesthetic in a patient with Eisenmenger’s syndrome.
What parameters are you particularly concerned
about maintaining? What will happen if the patient
does have a drop or rise in systemic vascular resis-
tance (SVR) or cardiac output (CO)?

The principle anesthetic goals are to avoid increases in
pulmonary vascular resistance and to avoid right ventricular

Table 7.1 Common complications of eisenmenger’s syndrome by systema

System Common complications

Cardiac Right ventricular failure/infarction, congestive heart failure, dysrhythmias (atrial fibrillation, supraventricular tachycardia most
common), infective endocarditis, cardiac syncope, sudden death

Respiratory Hemoptysis, pulmonary hemorrhage, chronic pulmonary emboli, pulmonary infarction, hypoxia

Neurologic Brain abscess, embolic strokes, intracerebral hemorrhage, TIA

Hematologic Hyperviscosity syndrome, thrombosis, platelet dysfunction, clotting factor deficiencies (vWF deficiency in particular),
hypofibrinogenemia

Hepatobiliary Hyperbilirubinemia, pigment gallstones

Renal Chronic renal disease with decreased glomerular filtration rate, hyperuricemia leading to gout, nephrolithiasis

Skeletal Hypertrophic osteoarthropathy
aAdapted from [1], Copyright 2014 Springer Science+Business Media
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failure. This can be done by maintaining systemic vascular
resistance (SVR), avoiding decreases in cardiac output, and
avoiding insults that increase PVR (see question #5).

A drop in SVR is dangerous for three reasons:

1. A drop in SVR will increase the R -> L shunt, leading to
worsening hypoxemia and subsequent decrease in the
oxygen delivery to tissues (particularly the heart and brain).

2. Worsening hypoxemia is a trigger for pulmonary arterial
vasoconstriction, increasing pulmonary vascular resistance

3. A drop in SVR will lead to decreased coronary perfusion,
which (combined with increased pulmonary vascular
resistance and hypoxemia) will lead to RV ischemia, RV
failure, and, if untreated, a very rapid spiral of pulmonary
hypertensive crisis leading to cardiac arrest.

On the other hand, an increase in SVR can cause RV
overload and lead to heart failure.

10. Discuss the risks related to perioperative arrhythmia
in Eisenmenger’s syndrome patients:

Perioperative arrhythmias are very common in patients
with Eisenmenger’s syndrome. There is up to a 30% inci-
dence of perioperative arrhythmia. Most common arrhyth-
mias include rapid atrial fibrillation (often new onset), SVT,
or even VT/VF. Arrhythmias are a major cause of periop-
erative morbidity and mortality because a rapid rhythm can
lead to a drop in cardiac output and the spiral of pulmonary
hypertension and RV failure leading to sudden cardiac death.

Do everything you can to maintain sinus rhythm and
promptly treat arrhythmias!

11. Discuss the perioperative concerns relating to the
hematologic abnormalities seen in Eisenmenger’s
syndrome.

Elevated hematocrit
The physiologic response to chronic cyanosis is to

increase erythropoietin production leading to an elevated
hematocrit to maintain tissue oxygenation. At a hematocrit
greater than 65%, some patients experience a hyperviscosity
syndrome of increasing cardiac load, headaches, dizziness,
fatigue, myalgias, and weakness.

As an outpatient this is treated with isovolemic phle-
botomy, only if the patient is symptomatic.

*Perioperatively, many practitioners will perform isov-
olemic phlebotomy to a hematocrit of 65% so that blood for
autologous donation is available for surgery.

Coagulation Abnormalities
Patients with Eisenmenger’s syndrome generally have a

bleeding diathesis, but are also prone to thromboembolism
leading to DVT/PE and CVA.

• Platelets—both a qualitative and quantitative deficiency
• Abnormalities of the clotting cascade, particularly defi-

ciency of the vitamin K dependent factors (II, VII, IX, X)
• Acquired von Willibrand’s factor (vWF) deficiency

Measurement of PT and PTT may be inaccurate if not
properly corrected for the elevated hematocrit. In addition,
many patients with Eisenmenger’s syndrome are on
chronic anticoagulation for atrial fibrillation, pulmonary
emboli, or strokes, which further complicates the coagu-
lopathy picture.

Table 7.2 Major targeted
therapies available for pulmonary
hypertension

Medication
class

Mechanism of
action

Available
drugs

Route of
administration

Major side effects

Nitric oxide
pathway

Inhibit PDE-5 to
decrease
c-GMP breakdown
NO increases
c-GMP production
to cause pulmonary
vasodilation

Sildenafil
Taldalafil
iNO

PO
PO (once
daily dosing)
Continuous
inhaled

Flushing, headache,
hypotension

Prostanoids Augment
endogenous
prostacyclin to
cause pulmonary
vasodilation

Epoprostenol
Treprostinil
Iloprost

Cont
IV/Inhaled
Cont SQ/IV,
Int inhaled,
PO
Int Inhaled

Flushing, headache, diarrhea,
cough. Rebound pulmonary
hypertensive crisis if stopped
suddenly

Endothelin
receptor
antagonists

Inhibit
endothelin-1, a
potent pulmonary
vasoconstrictor

Bosentan
Ambrisentan
Macitentan

PO
PO
PO

LFT elevations, headache,
anemia, contraindicated in
pregnancy

Reference [3, 6]
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*Anesthesiologists can consider giving desmopressin or
factor VIII to control bleeding if acquired vWF syndrome is
suspected.

*Exercise caution when considering regional anesthesia.
Use of peripheral nerve blocks and epidural anesthesia is
described, but spinal anesthesia is relatively contraindicated
in these patients (both because of the bleeding risk and the
potential drop in SVR).

Abnormal Vasogenesis
Chronic hypoxemia produces abnormal vasogenesis and

operative bleeding may be higher due to increased vascu-
larity. Pulmonary hemorrhage is a known and sometimes
fatal complication for patients with Eisenmenger’s
syndrome.

Eisenmenger’s syndrome patients DO not tolerate
hypovolemia or hypervolemia well so bleeding should be
closely monitored and volume replaced promptly [1, 3, 4].

12. What kind of invasive monitoring will you need for
this patient? What are the pros and cons of these
monitoring techniques?

An arterial line is indicated and helpful for close hemo-
dynamic monitoring in this patient.

Central lines carry considerable risk in patients with right
to left shunt: air or thrombus has a high chance of para-
doxical embolization, and can cause a stroke or brain
abscess.

PA lines carry an additional danger of pulmonary artery
rupture and may also induce arrhythmias. A PA line may be
helpful in a very sick patient, but is probably not indicated in
this case.

A TEE evaluation can be helpful to guide volume man-
agement if a large blood loss or extensive fluid shifts are
expected intraoperatively.

13. Preparing for this case, what special medications and
equipment will youwant to have immediately available?

In addition to a standard general anesthetic setup and an
arterial line as discussed above, consider:

• Air filters for all lines
• Availability of TEE and a provider who can immediately

perform the exam
• Ability to initiate rapid inhaled or IV pulmonary

vasodilator therapies such as iNO, IV or inhaled epo-
prostenol [3].

14. What is your induction strategy?
• Preinduction arterial line, check an arterial blood gas

and correct hypoxemia and acidosis before surgery.

• Target euvolemia before induction
• Preinduction, consider starting an agent to reduce

PVR, such as epoprostenol, milrinone, nitroglycerin,
or iNO. It is reasonable in volume replete patients
with Eisenmenger’s syndrome to have milrinone
infusing prior to induction.

• Pre-oxygenation with 100% O2 to get arterial sat
>90%.

• Consider a rapid sequence induction to minimize
apnea time which may lead to respiratory acidosis.

• An ideal induction agent will not drop SVR. Most
providers would use an opioid, benzodiazepine and
either etomidate or ketamine combination for
induction to minimize the changes in SVR. Unless
titrating very carefully, it is best to avoid propofol
and thiopental. Inhalational induction is also possi-
ble, though again caution is advised as it will likely
be accompanied by a drop in SVR [1, 3–5].

15. What effect does this patient’s right to left shunt have
on the speed of anesthetic induction?
• IV induction may be more rapid as blood bypasses

the lungs and travels more rapidly to the brain
• Inhalational induction will be slower, especially for

highly insoluble agents because less anesthetic is
absorbed in the lungs and venous mixing will further
decrease the arterial concentration of blood going to
the brain.

16. What is your plan for maintenance of anesthesia in
this patient? Ventilator settings?

Foremost, whatever maintenance agent you use the
overarching goal is to avoid hypotension and anything that
increases pulmonary vascular resistance (hypoxia, hyper-
carbia, hypothermia, acidosis, hypovolemia).

• It is important to provide adequate pain control without
going so far as to lead to significant post-operative
hypercarbia.

• It is best to avoid nitrous oxide as it is a pulmonary
vasoconstrictor and can increase PVR.

• Keep the patient warm, use a Bair hugger or underbody
warmer, and warmed fluids.

• This will likely be a laparoscopic procedure and minute
ventilation should be adjusted accordingly to avoid
hypercarbia.

• Abdominal insufflation may also lead to decreased
venous return and you may need to ask the surgeons to
lower the insufflation pressure, or convert to an open
procedure if the patient is not tolerating
pneumoperitoneum.
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• Avoid high tidal volumes and high PEEP with
mechanical ventilation so as not to compromise venous
return [1, 3].

17. Intraoperatively, your patient develops sudden
hypotension. PVR has also doubled. What medica-
tions do you reach for?
1. Stabilize arterial blood pressure with a pressor

(norepinepherine, epinephrine, vasopressin or dopa-
mine are reasonable). Consider an IABP if you are
worried about impending heart failure.

2. Start pulmonary vasodilator therapy: milrinone if the
patient’s arterial pressure stabilizes, or iNO, inhaled
or IV epoprostenol.

3. Correct causes of pulmonary hypertension if possible
(metabolic acidosis, hypovolemia, hypothermia,
hypercarbia).

4. Consider ECMO early if the cycle does not appear to
be breaking. These patients can go into cardiogenic
shock very quickly.

18. What are the considerations for post-op recovery in
the PACU and subsequently on the floor?
• Avoiding hypoxemia/hypercarbia, counterbalanced

by;
• Effective but cautious pain control
• Avoiding NSAIDs, as the majority of adult Eisen-

menger’s syndrome patients have renal dysfunction
• Removing central venous catheters as soon as pos-

sible, given the risk for paradoxical emboli
• Careful weaning of any medications being adminis-

tered for pulmonary hypertension to avoid rebound
pulmonary hypertension

• Early mobilization given risk for thromboembolism
(and particularly paradoxical stroke) [3]

19. In patients with Eisenmenger’s syndrome, should
you in general (not in this case) consider regional
anesthesia? Why or why not?

There is a debate about the use of regional anesthesia in
Eisenmenger’s syndrome due to the high incidence of pla-
telet dysfunction and coagulation factor abnormalities. Each
case should be evaluated individually. Generally, it is rea-
sonable to avoid spinal anesthesia because of the rapid drop
in SVR that can be seen with administration of intrathecal
anesthetics. For labor, epidural anesthesia is thought to be
safe, but always avoid it in a patient who is on anticoagu-
lation or otherwise has a bleeding diathesis. When possible,
peripheral regional techniques and avoidance of GA and
sedation altogether may be ideal. However, exercise extreme
caution with the use of a regional anesthetic combined with

monitored anesthesia care, as there is a great risk of
over-sedation leading to hypercarbia [2].

20. What are the special considerations for the parturi-
ent with Eisenmenger’s syndrome?

Individuals with Eisenmenger’s syndrome who fall preg-
nant have an estimated 30% mortality rate during pregnancy.
The majority of this mortality is seen during and immediately
after delivery. Eisenmenger’s syndrome is considered an
absolute contraindication to pregnancy, but you may still see
it! SVR is decreased in pregnancy. In the patient with
Eisenmenger’s syndrome, the decrease in SVR increases the
right to left shunt fraction, which in turn worsens arterial
hypoxemia. At delivery, blood loss further drops SVR and
increases the shunt fraction. This combined with acute anemia
decreasing oxygen carrying capacity can lead to a fatal spiral
of hypoxemia, pulmonary hypertension, and RV failure.

The successful use of epidural anesthesia has been
reported for both vaginal delivery and cesarean section.
However, some centers advocate that mothers be on
thromboembolism prophylaxis during pregnancy because of
the high risk of DVT/PE in this population.

Babies born to mothers with Eisenmenger’s syndrome
often have severe intrauterine growth restriction as a result of
chronic hypoxia, as well as many fetal anomalies [5].

21. Why are outcomes generally better for patients with
Eisenmenger’s syndrome than for those with pri-
mary pulmonary hypertension?

The presence of a right to left shunt functions essentially
as a ‘pop off valve’ for the right ventricle, resulting in lower
RV pressures, which preserves right ventricular function
longer and maintains systemic cardiac output in the presence
of worsening pulmonary hypertension (albeit at the expense
of arterial O2 saturation) [1].

22. What is the only definitive management of Eisen-
menger’s Syndrome?

Heart and lung transplantation.
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8Subacute Bacterial Endocarditis Prophylaxis

Marilyn Diane Michelow

Case
A 37-year-old woman with a ventricular septal defect
(VSD) is scheduled for an upper endoscopy to evaluate for
Barrett’s esophagus in the setting of longstanding gastroin-
testinal reflux disease.

1. Should this patient receive antibiotic prophylaxis
against infective endocarditis for the endoscopy? Why
or why not?

No—according to the 2008 ACC/AHA guidelines on
Infective Endocarditis in Valvular Heart Disease, this patient
does not require endocarditis prophylaxis for a routine
noninvasive gastrointestinal procedure [1].

2. What are the major causative organisms of subacute
bacterial endocarditis?

Viridans Streptococci account for somewhere between 25
and 50% of subacute bacterial endocarditis cases. These
organisms are found in normal human oral flora.

Streptococcus bovis is the most common nonviridans
streptococcal species to cause subacute infective endo-
carditis and is found in the lower GI tract, most commonly
associated with colonic polyps and cancer.

Other causes of subacute bacterial endocarditis include
the gram negative bacilli, HACEK organisms (Haemophilus
spp., Actinobacillus, Cardiobacterium, Eikenella, Kingella).

For completeness, common causes of acute bacterial
endocarditis (with a more fulminant presentation) include
Staphylococcus aureus (about 1/3 of cases, very common in
injecting drug users and healthcare associated endocarditis),
enterococci, and gram negative bacteria such as

Pseudomonas aeruginosa and enterics like Escherichia coli,
Proteus, Klebsiella, etc. [2].

3. Under the current (2008) ACC/AHA guidelines,
review the circumstances when endocarditis prophy-
laxis would be indicated for patients with valvular
heart disease.

The 2008 ACC/AHA guidelines on endocarditis pro-
phylaxis for patients with valvular heart disease represented
a significant change from prior accepted practice.

Antibiotic prophylaxis is no longer recommended for
patients with valvular heart disease at risk for infective
endocarditis who undergo procedures of the respiratory,
upper or lower GI or GU tract (i.e., bronchoscopy, TEE,
endoscopy, colonoscopy, cystoscopy) in the absence of
active infection.

The ACC/AHA guidelines do recommend antibiotic
prophylaxis against infective endocarditis for dental proce-
dures that involve perforation of the oral mucosa or
manipulation of the gingival tissue in the following patients:
those with prosthetic cardiac valves, previous episodes of
infective endocarditis, heart transplant recipients who have a
regurgitant valve lesion, patients with significant congenital
heart disease and those with recently repaired congenital
heart disease (within 6 months) [1].

4. What are the NICE guidelines, and how do they differ
from the ACC/AHA guidelines?

The NICE guidelines on antibiotic prophylaxis against
infective endocarditis were published by the United King-
dom’s National Institute for Health and Clinical Excellence
in 2008.

These guidelines do not recommend antibiotic prophy-
laxis against infective endocarditis in any patient for routine
dental, GI, GU, or respiratory tract procedures. They do
recommend prophylaxis with antibiotics that would cover
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the causative organisms of infective endocarditis if the above
procedures are being performed to treat an active infection.

It has been suggested that the transient bacteremia from
daily tooth brushing poses a greater risk of infective endo-
carditis than any single dental procedure. Furthermore, a 2
year follow up study after the NICE guidelines were pub-
lished did not find any increase in infective endocarditis
attributable to the change in practice despite widespread
adoption of the guidelines in the United Kingdom [3, 4].

5. If you are going to provide endocarditis prophylaxis
to this patient for an invasive dental procedure, what
antibiotic dosing regimen would be indicated?

Single dose oral amoxicillin 3 g or clindamycin
600 mg [4].
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9Hypertrophic Cardiomyopathy (HCM)

Pingping Song

Case
A 33-year-old-male presents with a 2-year history of dysp-
nea and presyncope on strenuous exertion. Over the past two
months, his symptoms progressively worsened until he was
unable to carry out his daily job as a construction worker
without having significant chest pain or dyspnea. On phys-
ical exam, vital signs are within normal limits. A grade 3/6
systolic murmur is noted at the apex, and its intensity
increases with Valsalva maneuver. He is not on any medi-
cations. Past medical history is unremarkable. Family history
reveals that his father died of a heart attack at 38 years of
age, and his paternal uncle died as the driver in a single-car
accident at 25 years of age. The patient’s echocardiogram
reveals a septal thickness of 24 mm and a left ventricular
outflow tract (LVOT) peak gradient of 80 mmHg. Coronary
angiogram shows no significant flow obstruction.

1. What is the definition of hypertrophic cardiomyopa-
thy (HCM)?

Hypertrophic cardiomyopathy (HCM) is a genetic cardiac
disorder caused by a missense mutation in one of at least ten
genes that encode the proteins of the cardiac sarcomere. It is
defined by left ventricular hypertrophy (LVH) without LV
dilation (maximal LV wall thickness ≥15 mm at any seg-
ment, but typically involving the interventricular septum) [1,
2]. LVH cannot be explained by other cardiac or systemic
conditions (such as aortic stenosis or other valvular lesion,
restrictive cardiomyopathy, systemic hypertension, etc.).
HCM is also referred to as idiopathic hypertrophic subaortic
stenosis (IHSS), or hypertrophic obstructive cardiomyopathy
(HOCM) [3, 4].

2. What is the pathophysiology of HCM?

The pathophysiology of HCM involves four interrelated
processes [4–6]:

(1) Dynamic left ventricular outflow tract (LVOT)
obstruction and systolic anterior motion of the mitral
valve (SAM) (Fig. 9.1). The LVOT is narrowed by the
hypertrophic interventricular septum and the anteriorly
displaced papillary muscles. This narrowed LVOT
creates flow acceleration during systole, dragging the
anterior mitral leaflet into the LVOT, and contacting
the septum (Venturi effect), subsequently causing
LVOT obstruction. The obstruction can be subaortic or
mid-ventricular. The LVOT obstruction in HCM
patients is dynamic, characterized by spontaneous
variability and influenced by factors that alter
myocardial contractility and loading conditions. With
increased contractility, decreased preload or decreased
afterload, the LVOT obstruction becomes more severe.

(2) Diastolic dysfunction: due to impaired ventricular
relaxation and decreased ventricular compliance (in-
creased chamber stiffness). This leads to impaired
ventricular diastolic filling.

(3) Myocardial ischemia: often occurs without
artherosclerotic coronary artery disease. The postulated
mechanisms include: ventricular hypertrophy causing
obliteration of septal perforators; inadequate number of
capillaries for the degree of LV mass; impaired coro-
nary filling due to impaired relaxation.

(4) Mitral regurgitation (MR): systolic anterior motion of
mitral valve (SAM) results in varying degrees of MR
due to incomplete coaptation of mitral leaflets. The
severity of MR is directly proportional to the degree of
LVOT obstruction.
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3. What is the genetic background of HCM?

HCM is inherited in an autosomal dominant Mendelian
pattern with variable expression and age-related penetrance.
The most common mutation in HCM is a missense mutation
(a single normal amino acid is replaced for another) in the
genes encoding the cardiac sarcomere. There is no clear
relationship between the genotype and phenotype in HCM.
It is impossible to predict the extent of expression or clinical
outcome based on individual mutations [7–9].

4. What are the common symptoms of HCM?

(1) Dyspnea on exertion: most common symptom of HCM,
occurring in over 90% of symptomatic patients.
Dyspnea can result from diastolic dysfunction, mitral
regurgitation, or impaired LV emptying and poor car-
diac output due to LVOT obstruction.

(2) Chest pain: occurs in 25–30% of symptomatic HCM
patients, usually in the setting of a normal coronary
angiogram.

(3) Syncope and presyncope: occurs in about 20–25% of
symptomatic HCM patients. Multiple mechanisms
include arrhythmia, severe LVOT obstruction with
exertion or myocardial ischemia.

(4) Sudden cardiac death: occurs in about 15% of symp-
tomatic HCM patients. HCM is the most common
cause of sudden death in otherwise apparently healthy
athletes [10].

(5) Arrhythmia: supraventricular arrhythmias, most com-
monly atrial fibrillation; ventricular arrhythmias can
also occur.

(6) Signs of advanced congestive heart failure are uncommon
in HCMpatients but may include orthopnea, paroxysmal
dyspnea, and edema.

Physical exam is most commonly notable for systolic
murmur on auscultation. A harsh systolic murmur can be
best heard at the apex, caused by LVOT obstruction and/or
mitral regurgitation. This murmur is dynamic in nature, and
its intensity varies with changes in cardiac loading condi-
tions and contractility. Maneuvers that decrease LV preload
(e.g., changing to upright position from supine, Valsalva
maneuver), enhance LV contractility and decrease LV
afterload will all lead to worsening LVOT obstruction, thus
increase the murmur intensity.

Other signs on physical exam are nonspecific, such as a
brisk upstroke and bifid carotid pulse, resulting from sudden
deceleration of blood due to LVOT obstruction.

5. How to diagnose HCM?

Besides clinical history, the following diagnostic methods
are often used for diagnosis:

(1) Electrocardiography (ECG): over 90% of HCM
patients have an abnormal ECG. Typically ECG shows
localized or widespread repolarization changes.
Patients may have abnormal Q waves, especially in the
inferior or lateral leads. These changes reflect septal
depolarization of the hypertrophied myocardium. Signs
of LV hypertrophy (LVH) also exist, resulting in left
axis deviation and ST-T wave abnormalities (horizontal
or downsloping ST segment and T wave inversions).

(2) Echocardiography: transthoracic echocardiography
(TTE) should be performed in all patients suspected of
having HCM. A clinical diagnosis of HCM is con-
firmed when LV wall thickness ≥15 mm without LV
dilation, in the absence of any identifiable cause such as
hypertension or valve disease. The most common
location of LV hypertrophy is the basal anterior septum
in continuity with the anterior free wall. Other impor-
tant TTE findings of HCM include: systolic anterior
motion of mitral valve (SAM) and dynamic LVOT
obstruction (see Fig. 1). For patients who do not have
LVOT obstruction (LVOT gradient ≤30 mm Hg) at
rest, provoking maneuvers should be performed to
evaluate the gradient between the LVOT and aorta.
Exercise stress echo is the preferred method [11].

(3) Exercise stress test: is recommended for all patients
with known or suspected HCM as part of the risk

Fig. 9.1 Mechanism of LVOT obstruction and mitral regurgitation
(MR) in patients with HCM. In early systole (left): The left ventricular
outflow tract (LVOT) is narrowed by the hypertrophic interventricular
septum and the anteriorly displaced papillary muscle. This creates flow
acceleration during systole, dragging the anterior mitral leaflet into the
LVOT and contacting the septum (Venturi effect), causing LVOT
obstruction in late systole (right). The systolic anterior motion of the
anterior leaflet (SAM) results in a failure of coaptation of the mitral
leaflets and the onset of mitral regurgitation (MR). In most cases of
HCM, the MR jet is directed posterior into the left atrium. Reproduced
from [3], with permission of Wolters Kluwer
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stratification and to assess the degree of LVOT
obstruction. Positive findings during exercise testing
include symptoms of dyspnea or angina, an increase or
development of LVOT peak instantaneous gradi-
ent ≥30 mm Hg, an increase or development of mitral
regurgitation, ST segment depression, and failure of the
BP to increase appropriately with exercise [1, 2, 11].

(4) Cardiac MRI: provides superior spatial resolution
compared to TTE. It can demonstrate myocardial
scarring or thickening in segments which are difficult to
assess via echocardiography. Cardiac MRI can be
considered for patients suspected of having HCM but
the diagnosis remains uncertain after TTE.

(5) Genetic testing: routine genetic testing is not recom-
mended for diagnostic purposes due to the poor cor-
relation between genotype, clinical presentation and
outcome.

6. What is the pharmacological treatment of HCM?

The goal of managing HCM is to minimize LVOT
obstruction by decreasing myocardial contractility, reducing
heart rate, improving diastolic function, and ultimately opti-
mizing ventricular filling. Themost commonly used drugs are:

(1) Beta blockers: most effective in blunting the LVOT
gradient provoked with exercise;

(2) Non-dihydropyridine calcium channel blockers, the
most common drug of choice is verapamil [12, 13];

(3) Disopyramide: a potent negative inotropic agent, needs
to be used with concomitant beta blockade, most reli-
able for reducing the LVOT gradient at rest [14].

Diuretics should be used very judiciously in patients
presenting heart failure symptoms, balancing the benefit of
decreasing edema and the risk of compromising LV preload
and thus worsening LVOT obstruction.

7. What are the non-pharmacological management
options of HCM?

For patients who have persistent heart failure symptoms
(NYHA class III/IV) despite maximal medical therapy, or
patients who have recurrent syncope from LVOT obstruc-
tion, and LVOT gradient ≥50 mm Hg at rest or with
provocation, surgical myectomy should be considered.
Alcohol septal ablation is another option for poor surgical
candidates, such as patients of advanced age, with significant
medical comorbidity, or possessing a strong desire to avoid
open heart surgery [1, 2, 15, 16].

The advantages of surgical myectomy include: better
symptom and LVOT gradient improvement in patients

<65 years of age; opportunities to address other causes of
LVOTobstruction besides septal thickening, such as abnormal
papillary muscle attachment or intrinsic mitral valve disease.

The risks of alcohol ablation include complete heart block
requiring permanent pacemaker implantation, and repeated
procedures due to persistent obstruction.

Lastly, implantable cardioverter-defibrillator (ICD) ther-
apy is recommended in patients who have prior cardiac
arrest or sustained ventricular tachycardia (VT), in those
with marked LVOT obstruction and a family history of
sudden cardiac death as a first-degree relative, and in patients
with a history of unexplained syncope or hypotensive
response to exercise stress test [1, 2, 17].

8. What are the hemodynamic goals whilst anesthetizing
a HCM patient for non-cardiac surgery?

Maximize effort to decrease LVOT obstruction and
maintain adequate cardiac output. The principles are:

(1) Maintain intravascular volume (preload);
(2) Maintain afterload or systemic vascular resistance

(SVR), avoid profound vasodilation;
(3) Decrease myocardial contractility, avoid inotropes;
(4) Maintain normal sinus rhythm and avoid tachycardia: if

a patient develops atrial fibrillation or ventricular
tachycardia, there should be very low threshold to
cardiovert instead of rate control alone. The thickened
LV is heavily dependent on the atrial contraction to
maintain adequate preload;

(5) Blunt sympathetic responses during laryngoscopy and
surgical stimulation.

9. What kind of monitoring techniques will you choose
for a HCM patient undergoing non-cardiac surgery?

Besides the standard ASA monitors, placement of an
invasive intravascular blood pressure monitor before
induction should be considered. There is high risk of
potentially rapid changes in blood pressure during induction
secondary to the changes of myocardial loading conditions.
The decision to place central venous pressure and pulmonary
artery pressure monitoring lines is made on individual basis,
taking into account the disease severity (e.g., peak LVOT
gradient, signs of end-stage CHF) and complexity of the
operation.

Defibrillation pads may be considered before induction if
the patient does not have an AICD in place, due to the
potential risk of malignant arrhythmia.

Transesophageal echocardiography (TEE) may be con-
sidered in a patient with severe LVOT obstruction or mitral
regurgitation. Rescue TEE should be considered for a patient
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who acutely decompensates intraoperatively and fails to
respond to maximal hemodynamic support.

10. What kind of preoperative evaluation data is
required?

Clinical history: functional status, history of syncope or
presyncope;

TTE data: degree of LVOT obstruction (peak instanta-
neous gradient); presence of SAM and MR; ventricular
function;

Exercise stress testing: signs of worsening LVOT gradi-
ent, paradoxical BP response.

If patients are taking beta blockers, calcium channel
blockers, or disopyramide, these medications should be
continued throughout the perioperative period.

11. What are the induction agents of choice for patients
with HCM?

The primary goal for the induction of a patient with HCM
is to sufficiently blunt the sympathetic response to laryn-
goscopy while achieving optimal intubation conditions. Beta
blockers (such as metoprolol or esmolol) can be given before
induction to further decrease the risk of tachycardia [18].

An intravenous fluid bolus before induction may be
considered to maintain preload, anticipating the vasodilatory
effect of induction agents on blood pressure.

A combination of opioid (fentanyl or remifentanil),
hypnotic agents (propofol, midazolam or etomidate) and
muscle relaxant can be used. The key is to slowly titrate the
hypnotic agent and opioid to avoid large fluctuations in the
loading conditions and cardiac output.

Choice of vasopressors: a selective alpha-1 agonist such
as phenylephrine is a good choice to augment perfusion
pressure, devoid of inotropic and chronotropic effects. An
alpha-1 agonist is preferred over ephedrine to control intra-
operative hypotension. Inotropes such as dopamine, epi-
nephrine, and milrinone should be avoided [19].
Norepinephrine or vasopressin can be considered as an
alternative or additional agent when the dose of phenyle-
phrine is approaching maximal.

12. What are the maintenance techniques?

Both volatile agents and intravenous agents can be used
for anesthetic maintenance. Neuraxial technique is beneficial
for blunting the sympathetic responses to painful stimula-
tion, however careful titration is necessary to balance the risk
of vasodilation and decrease in preload.

13. What are the things to consider during emergence?

The same considerations and hemodynamic goals guiding
the preoperative and intraoperative management apply dur-
ing emergence and the postoperative period. Meticulous
attention to pain control is crucial. If tachycardia persists
despite adequate pain control, a beta blocker should be
administered, such as metoprolol.
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10Pacemakers and Implantable Cardioverter
Defibrillators

Ciorsti J. MacIntyre

Key Points
Pacemakers

1. A magnet placed over a pacemaker will generally result
in asynchronous pacing

2. Oversensing leads to under pacing
3. Undersensing leads to over pacing

Implantable Cardioverter Defibrillators

1. A magnet placed over an ICD will result in suspension of
tachycardia detections/therapies

2. A magnet placed over an ICD will not affect pacing mode
or rate

Case
A 58-year-old man presents with left hip pain in the setting
of a fall secondary to syncope. Imaging studies reveal a left
intertrochanteric fracture. He is therefore brought to the
operating room for urgent intramedullary nail.

Past Medical History:

1. Hypertension
2. Dyslipidemia
3. Myocardial infarction s/p drug eluting stent of the LAD
4. Left ventricular systolic dysfunction with EF 30%

Medications:

1. Aspirin 81 mg daily
2. Rosuvastatin 40 mg daily

3. Bisoprolol 5 mg daily
4. Perindopril 4 mg daily

Allergies: None known
Physical Examination (ED): HR 70/BP 140/80 mmHg/RR

18–22/SpO2 98% on RA
Airway exam: Mallampati II, thyromental distance >3

finger breadths, good mouth opening, no limitation to neck
extension, normal dentition.

Cardiovascular Exam: Normal pulse volume and contour.
Normal JVP. Normal S1, S2. S3 present. No S4. No mur-
murs or extra sounds. No peripheral edema. Prepectoral
inspection significant for the presence of a cardiac implan-
table electrical device.

ECG: Sinus rhythm at 70/min with ventricular pacing.

1. What kind of device does this patient have?

Appropriate management of the cardiac implantable
electrical device (CIED) patient requires accurate identifi-
cation of the device type. This is particularly relevant for the
management of device patients in the perioperative setting.
There are multiple methods available to determine device
type. Patients may be able to provide this information.
Alternatively, they are asked to carry an up-to-date device
identification card with them at all times. If a device inter-
rogation is required to assess function or to change pro-
gramming, it is also necessary to identify the device
manufacturer. Failing this, the chest X-ray can provide a
significant amount of useful information. The chest X-ray
allows for identification of the device type (pacemaker,
defibrillator, cardiac resynchronization device, subcutaneous
defibrillator, etc.). The chest X-ray also allows for the
identification of the chambers paced, the location and
number of leads, and the device manufacturer. It can also
provide information about hardware abnormalities such as
lead fracture or changes in lead position.

C.J. MacIntyre (&)
Arrhythmia Service, Harvard School of Medicine, Brigham and
Women’s Hospital, 75 Francis Street, Boston, MA 02115, USA
e-mail: ciorstij.macintyre@nshealth.ca

© Springer International Publishing AG 2017
L.S. Aglio and R.D. Urman (eds.), Anesthesiology,
DOI 10.1007/978-3-319-50141-3_10

55



A transvenous pacemaker (Fig. 10.1) can be differenti-
ated from an ICD by the absence of a shocking coil on the
right ventricular lead (Fig. 10.2). The most common location
of an atrial lead is the right atrial appendage. The most
common location of a right ventricular lead is the right
ventricular apex. A transvenous LV lead enters the coronary
sinus from the right atrium and terminates in a branch of the
great cardiac vein. On the frontal X-ray this will be superior
to the RV lead (Fig. 10.3). On a lateral film, the LV lead
should be located posteriorly.

A transvenous CIED will generally have a pulse gener-
ator located in the prepectoral region. An epicardial system
may have an abdominal pulse generator. Alternatively, the
leads may be tunneled to the right or left prepectoral region.
A subcutaneous ICD will have a distinct radiographic

appearance (Fig. 10.4). The generator is implanted at the
mid-axillary line at the 5th to 6th intercostal space and the
lead is tunneled such that it runs parallel to the sternum.

2. What are the components of a cardiac implantable
electrical device?

All pacemakers are composed of two components: the
pulse generator and the lead(s). The pulse generator is
responsible for generating the electrical impulse that depo-
larizes the myocardium resulting in contraction of a cardiac
chamber. Two types of lead systems exist: unipolar and
bipolar. In a unipolar system, the lead in contact with the
endocardium is the cathode and the pulse generator is the

Fig. 10.1 Dual-chamber pacemaker

Fig. 10.2 Single-chamber ICD

Fig. 10.3 CRT-D

Fig. 10.4 Subcutaneous ICD
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anode. In a bipolar lead, the lead tip is the cathode and the
lead ring is the anode. Voltage in a unipolar lead is detected
over a larger distance and as such, the pacing spike on an
electrocardiogram is larger than with a bipolar lead. Types of
leads include active fixation leads which are screwed into the
myocardium and passive fixation which are held in place
with fins.

The implantable cardioverter defibrillator (ICD) has two
main components: the pulse generator and the leads. The
pulse generator itself consists of a battery, a capacitor which
facilitates charging and discharging, and circuits to monitor,
analyze, and guide arrhythmia therapies. Cardioversion or
defibrillation is delivered via a biphasic waveform between
the shocking coil and the ICD pulse generator and then the
reverse.

3. Describe the code used to describe the function of
pacing devices.

The North American Society of Pacing and Electro-
physiology and the British Pacing and Electrophysiology
Group (NASPE/BPEG) created the five position NBG
pacemaker code to describe pacemaker functions (see
Table 10.1).

Position I indicates the chamber (or chambers) paced.
A device used to pace in only one chamber will be repre-
sented by either the letter A (atrial) or V (ventricle). Devices
that can pace in both chambers are represented by the letter
D (dual). When pacing is off, position I coding is O (off).

Position II represents the chamber sensed for intrinsic
signals. The letters are the same as those for the first position
with A (atrium), V (ventricle), and D (dual). An O in posi-
tion II indicates the absence of sensing. Programmed in this
mode, the device will pace asynchronously at a specified
rate, ignoring any intrinsic rhythm.

Position III represents the response to a sensed event. “I”
indicates that a sensed event inhibits the output pulse. “T”
indicates that anoutputpulse is triggered in response toasensed
event. D indicates that there are dualmodes of response. This is

restricted to dual-chamber systems. For example, an event
sensed in the atrium inhibits atrial output but triggers ventric-
ularoutput. If theventricular leadsensesan intrinsicventricular
signal during the programmed delay, it will inhibit ventricular
output. O indicates no response to a sensed input.

Position IV reflects rate modulation, which is also known
as rate responsiveness. R indicates that the pacemaker has
rate modulation and will use sensor data to adjust its pro-
grammed paced heart rate in response to patient activity.
O indicates that rate modulation is either unavailable or
disabled. O is often omitted from the fourth position (i.e.,
DDD is the same as DDDO).

Position V indicates whether multisite pacing is present in
(O) none of the cardiac chambers, one or both atria (A), in
one or both ventricles (V) or (D) any combination of A or V.
Multisite pacing may also refer to more than one stimulation
site in a particular chamber. The fifth position of the code is
rarely reported.

The first three positions of the code are always required.
When a code includes only three or four characters, it can be
assumed that the positions omitted are “O” or absent.

4. Describe the pacing modes available in cardiac
implantable electrical devices.

Single-Chamber Pacing

VVI(R) pacing: Ventricular paced, ventricular sensed,
and pacemaker inhibited in response to a sensed beat. This
mode protects a patient from significant bradycardia of any
etiology. This mode cannot maintain AV synchrony, which
can lead to the pacemaker syndrome.

Ideal patient: Chronic atrial fibrillation with slow ven-
tricular response

AAI(R) pacing: Atrial paced, atrial sensed, and pace-
maker inhibited in response to a sensed atrial beat. This can be
considered in patients with sinus node dysfunction with intact
AV node function. This mode, however, will not protect
patients from ventricular bradyarrhythmias due to AV block.

Table 10.1 The revised
NASPE/BPEG generic code for
antibradycardia pacing

Position I
chamber(s) paced

Position II chamber
(s) sensed

Position III response
to sensing

Position IV rate
modulation

Position V
multisite pacing

O = None O = None O = None O = None O = None

A = Atrium A = Atrium T = Triggered R = Rate
modulation

A = Atrium

V = Ventricle V = Ventricle I = Inhibited V = Ventricle

D = Dual
(A + V)

D = Dual
(A + V)

D = Dual
(T + I)

D = Dual
(A + V)

Sa = Single
(A or V)

Sa = Single
(A or V)

aManufacturers’ designation (previously published) from Bernstein et al. [1]. With permission of Wiley

10 Pacemakers and Implantable Cardioverter Defibrillators 57



Ideal patient: The patient with sinus node dysfunction
with normal AV node function

Dual-Chamber Pacing

DDD(R) pacing: This mode has sensing and pacing
capabilities in both the atrium and the ventricle and provides
physiologic pacing. Four different rhythms may be seen with
this mode. These include normal sinus rhythm, atrial pacing
with native QRS, AV sequential pacing, and atrial sensing
with ventricular pacing.

Ideal patient: The ideal patient for DDD is the individual
with normal sinus node function with AV block. The ideal
patient for DDDR pacing is one with sinus node dysfunction
with or without AV nodal dysfunction.

DDI(R) pacing: In this mode there is atrial sensing and
pacing and ventricular sensing and pacing. The pacemaker
will not track intrinsic atrial activity. When there is a sensed
native atrial rate, the pacemaker will inhibit atrial and ven-
tricular output thereby promoting native conduction to the
ventricle. If AV block develops, ventricular pacing will
occur at the lower pacing limit; however, it will not be
synchronized with the atrium. If the sinus rate is below the
programmed rate, there will be AV sequential pacing.

Ideal patient: The patient with atrial tachyarrhythmias.
Mode switching is an alternative strategy for this issue.

Asynchronous Pacing

When programmed in an asynchronous mode, pacemak-
ers are programmed to pace at a fixed rate without an attempt
to sense native cardiac activity. The atrium (AOO), the
ventricle (VOO), or both (DOO) are paced in the absence of
sensing capability. Such modes are rarely used long term and
are most frequently used for patients undergoing a surgical
procedure if the patient is pacemaker-dependent so as to
avoid pacing inhibition due to oversensing of noise from
electrocautery. Asynchronous pacing may be associated with
competition between the native and paced rhythms. As such,
there is a small risk of a paced impulse during a native T
wave, which can result in ventricular fibrillation. This risk is
further reduced by programming a higher rate (≥80/min).

5. Differentiate sensing and capture.

Pacemakers have two primary functions: pacing and
sensing.

Capture refers to cardiac depolarization and contraction
of a cardiac chamber in response to a pacemaker stimulus.
Capture threshold is the minimum amount of energy needed
to consistently capture the myocardium.

Sensing is the ability of the pacemaker to sense an
intrinsic electrical signal. The programmed sensitivity indi-
cates the minimum intracardiac signal that will be sensed by
the pacemaker to initiate a response. When programming
sensitivity, as you raise the number (sensitivity) you make
the pacemaker less sensitive (i.e., the pacemaker can see
less). Conversely, as you decrease the number (sensitivity)
you make the pacemaker more sensitive (i.e., the pacemaker
can see more).

6. Review types of pacemaker malfunction.

Oversensing causes under pacing

Oversensing refers to the sensing of physiologic or
non-physiologic events that should not be sensed. This may
lead to inappropriate inhibition of pacemaker output. In a
pacemaker-dependent patient, this can have severe conse-
quences. Physiologic causes of oversensing include far-field
P waves, widened QRS duration, T wave oversensing, and
myopotentials. Making the device less sensitive may resolve
the issue. Non-physiologic causes of oversensing include
hardware issues such as loose setscrew, lead dislodgment, or
lead fracture. Such etiologies will typically require lead
revision. Electromagnetic interference (EMI) may also cause
oversensing.

Undersensing causes over pacing

Undersensing occurs when the pacemaker fails to see the
underlying rhythm. As a result the pacemaker generates an
output even when it is not needed leading to “over pacing.”
Undersensing may be caused by hardware failure or by
physiologic changes. Examples of hardware failure include
lead dislodgment, perforation, or fracture. Anti-arrhythmic
medications, myocardial infarction, and metabolic abnor-
malities may transiently or permanently alter electrogram
amplitude.

Non-capture

Non-capture occurs when the electrical impulse emitted
by the device fails to capture the myocardium. On the
12-lead ECG, this will be represented by a pacing stimulus
that is not followed by an evoked potential. This can be
intermittent or permanent. This may occur when the capture
threshold is higher than the programmed device output. This
may be seen in the setting of post-implantation inflammatory
changes. This can be overcome by increasing the pacemaker
output. Exit block occurs when the capture threshold
exceeds the maximum programmable output. Other causes
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of rising capture threshold include fibrosis or infarction at
the site of the delivered pacing stimulus and metabolic
abnormalities. Hardware issues such as lead dislodgment,
perforation, and fracture and battery depletion may also
result in non-capture.

7. What is an Implantable Cardioverter Defibrillator?

The primary purpose of the implantable cardioverter
defibrillator (ICD) is to detect malignant ventricular
arrhythmias (VT and VF) and then terminate these arrhyth-
mias with effective defibrillation. Post-defibrillation brady-
cardia is common. Similarly, patients may also have a
concomitant pacing requirement. As such, all current ICDs
also have pacing capabilities.

8. What are the considerations in a patient with a
pacemaker or ICD who requires cardioversion or
external defibrillation?

In the event of cardiac arrest or an unstable arrhythmia in
a patient with a CIED, standard resuscitation protocols
should be followed. External defibrillation or cardioversion
can result in permanent damage to the device. Anterior–
posterior electrode placement is preferred when performing
external cardioversion or defibrillation on the CIED patient
to minimize this risk. Similarly, the electrodes should be
placed greater than 8 cm away from the pulse generator.
Other risks include device reprogramming and acute rise in
pacemaker threshold due to myocardial damage at the lead–
endocardium interface. As such, cardiac devices should be
interrogated following cardioversion to ensure appropriate
function and programming.

9. How do pacemakers and defibrillators respond to
application of a magnet?

Application of a standard doughnut magnet can be used
in the perioperative period to change the behavior of CIEDs.
Application of a magnet to a pacemaker will generally
cause asynchronous pacing via closure of a magnetic switch.
Application of a magnet to an ICD, however, will disable
tachycardia detections without having an effect on pacing
mode or rate. Tachycardia therapies can also be disabled in a
subcutaneous ICD with magnet application.

10. Describe situations in which a magnet should and
should not be used.

There are many situations in which a pacemaker needs to
be made asynchronous or when ICD therapies should be
disabled. As such, consideration must be given to magnet

application or temporary device reprogramming. The pri-
mary advantage of reprogramming is that the team does not
need to be concerned about the location of the magnet. The
primary disadvantage, however, is that such changes are not
immediately reversible. There is also a risk that the neces-
sary programming changes to return the device back to
baseline settings may not occur. This could leave an ICD
patient unprotected from malignant ventricular arrhythmias.
A magnet, however, can be quickly removed thereby
immediately returning the device to the baseline settings. Of
note, a patient who has tachycardia therapies disabled
requires continuous telemetry monitoring.

Examples of situations in which a magnet should be
applied:

• Radiofrequency ablation (RFA) above the umbilicus in a
pacemaker-dependent patient to cause asynchronous
pacing ***

• To inhibit tachycardia detections/therapies in all patients
with an ICD receiving monopolar electrocautery

• If RFA below the umbilicus results in pacing inhibition
• If a patient is receiving inappropriate ICD shocks.

Examples of situations in which a magnet should not be
applied:

• When patient positioning prevents stable magnet posi-
tioning (e.g., prone patients). These patients require
reprogramming.

*** Magnet application will not cause an ICD to pace
asynchronously. As such, pacemaker-dependent patients
with an ICD requiring electrocautery above the umbilicus
require reprogramming to an asynchronous pacing mode.

11. Are there considerations for central venous access?

There are multiple considerations when a patient with a
pacemaker or ICD receives central venous access. Ipsilateral
access can result in lead damage from needle puncture, lead
dislodgement, and inappropriate ICD therapies. When pos-
sible, central venous access should only be attempted con-
tralateral to the device. Of note, central venous access can
also lead to central venous stenosis, which can prevent lead
placement using a subclavian approach.
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11Pericardial Tamponade

Kate Mitchell Liberman

Patient Scenario

A 37-year old man presents to his primary care physician
concerned about multiple episodes of dizziness associated
with palpitations. He is unable to exert himself in his
activities of daily living. His past medical history is signif-
icant for hyperlipidemia, anxiety, gastroesophageal reflux
disease, occasional migraines, lower back pain, and consti-
pation. He had an appendectomy at age 12, but otherwise, no
surgical history. He has an allergy to bananas and latex. His
medications include simvastatin, lorazepam, esomeprazole,
naproxen, and colace. He smokes one pack of cigarettes per
day. He does not consume alcohol and has never tried taking
recreational drugs. On physical exam he is found to be
bradycardic at 42 beats per minute. His blood pressure is
110/65, respiratory rate 16 breaths per minute, and oxygen
saturation 98% on room air. His lungs exam is remarkable
for mild rales at the bases bilaterally and he has 2+ edema in
his lower extremities. His ECG shows complete heart block.
After medical optimization of his heart failure symptoms, he
presents to an interventional cardiologist for pacemaker
placement. During the pacemaker placement, which was
performed under sedation, the patient moves on the proce-
dure table as the first lead was being placed. He then
becomes suddenly dyspneic and increasingly hypotensive.
His blood pressure is 80/45, heart rate 110 beats per minute,
respiratory rate 25 breaths per minute and pulse oximetry
98%. Pericardial tamponade is suspected.

Questions

What is the definition of pericardial tamponade?

Cardiac tamponade is defined as pathologic fluid in the
pericardial space leading to a restriction in ventricular filling
and subsequently a decrease in cardiac output. Normally, the
pericardial sac contains 20–50 mL of serous fluid that mit-
igates the force of friction on the epicardium. Cardiac tam-
ponade occurs when the reserve volume of the pericardial
sac is exceeded by filling with blood, clot, gas, fluid, or pus
[1]. The physiology of cardiac tamponade is less a function
of the effusion’s composition and more a function of the rate
at which it accumulates. There are four generally accepted
categories of cardiac tamponade. Acute cardiac tamponade
usually occurs within minutes and is most often secondary to
hemopericardium from trauma. It occurs when blood accu-
mulates more rapidly than the pericardial sac can accom-
modate. In severe cases, this can lead to complete collapse of
the right atrium and/or the right ventricle. Subacute cardiac
tamponade most often occurs over days to weeks due to
large effusions, which accumulate more slowly, often from
idiopathic or neoplastic causes. Low pressure cardiac tam-
ponade is a special case when pericardial effusion and
hypovolemic shock coexist. Due to the fact that ventricular
pressures are low, the pressure gradient across the myo-
cardium may be large even with relatively low pericardial
pressures [2]. Finally, regional tamponade develops when a
loculated effusion or hematoma exerts pressure across the
myocardium. This is more difficult to diagnose on physical
exam because typical findings are absent due to a focal
source of compression [3].

What are the causes of tamponade?

Cardiac tamponade arises from a number of causes
including infectious, noninfectious and autoimmune origins.
While acute idiopathic pericarditis is the leading cause of
tamponade worldwide, it is proportionately much more
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common in patients with tuberculous, neoplastic, or purulent
pericarditis [4]. A large prospective series evaluated the
etiologies of primary acute pericarditis [5]. Nearly half had
acute idiopathic pericarditis, and the remaining patients
commonly had metastatic disease and tuberculous pericardi-
tis. Infectious causes of tamponade can be divided into viral,
bacterial, fungal and parasitic causes. Coxsackie, echovirus
and adenovirus are common viral causes, while Staphylo-
coccus, Streptococcus, pneumococcus, and tuberculosis are
the most common bacterial causes [6]. Fungal causes include
Histoplasmosis, aspergillosis, and coccidioidomycosis, and
the most common parasitic causes are echinococcus and
toxoplasmosis. Metastatic lung and breast cancer, Hodgkin’s
lymphoma and melanoma are the most common sources of
malignant effusions. Primary cardiac causes are comprised of
early infarction pericarditis, post-pericardiotomy syndrome,
dissecting aneurysms and myocarditis. Tamponade can be
induced by blunt and penetrating trauma like, and it can occur
as a complication of cardiac catheterization and pacemaker
placement. Rheumatologic causes, include SLE and vasculi-
tis, and occur secondary to inflammation. Uremia is a com-
mon metabolic cause. Any process which leads to an effusion,
particularly if large or rapidly accumulating, can induce
tamponade physiology.

What are the physical exam findings of a patient who has
pericardial tamponade?

Physical exam findings of a patient with pericardial
tamponade are sinus tachycardia, jugular venous distension,
and pulsus paradoxus. Secondary signs of pericarditis
include muffled heart sounds and rub. Dyspnea (sensitivity
87–89%), tachycardia (sensitivity 77%), pulsus paradoxus
(sensitivity 82%), and elevated JVP (sensitivity 76%) are
most useful in their negative predictive value [7]. That is,
they are useful for ruling out tamponade when absent. If a
patient has pulsus paradoxus, the odds of having tamponade
increase threefold, and if absent, the odds of having tam-
ponade are reduced 30-fold.

What is pulsus paradoxus?

Pulsus paradoxus is an exaggeration of a normal decrease
in systolic blood pressure, which occurs during inspiration
[8]. Under conditions of increased pericardial pressures,
changes in right and left ventricular volume inevitably affect
each other, as there is no additional reserve volume in the
pericardial sac. At least three mechanisms have been pro-
posed to explain this phenomenon [9]. With inspiration,
increased negative pressure in the intrathoracic cavity
increases venous return to the right side of the heart. The
increased preload, in turn, causes bulging of the septal wall

into the left ventricle, decreasing end-diastolic left ventric-
ular volume. This exemplifies ventricular interdependence.
Increased compliance of pulmonary vasculature also occurs
during inspiration, leading to pooling in the pulmonary cir-
culation. Finally, the increase in negative intrathoracic
pressure opposes contraction of the left side of the heart,
leading to increased afterload. These three forces conspire to
decrease systolic blood pressure. Kussmaul’s sign describes
the disappearance of the peripheral pulse with inspiration,
which is caused by the drop in blood pressure described
above.

What are the diagnostic criteria for pericardial
tamponade?

The diagnostic criteria for cardiac tamponade are not well
defined. It is generally diagnosed when both a pericardial
effusion and hemodynamic compromise are present. Another
commonly used definition is one which can only be made
retrospectively: the presence of a pericardial effusion as seen
by either transthoracic or transesophageal echocardiography
and hemodynamic compromise that is relieved by pericardial
fluid drainage [10].

What noninvasive and invasive testing will help establish
a diagnosis of tamponade?

While many techniques may be helpful in diagnosing
pericardial effusion, establishing the diagnosis of tamponade
physiology on the basis of noninvasive testing is challeng-
ing. EKG is the first test often performed. PR segment
depression, low voltage QRS complex, and electrical alter-
nans are EKG findings that are specific but not sensitive for
pericardial effusion [11]. Overall, EKG has a low sensitivity
for diagnosing pericardial effusion and cardiac tamponade.

Transthoracic echocardiogram (TTE) clearly demon-
strates the presence or absence of effusion. A study by Merce
et al. prospectively assessed patients with moderate to large
pericardial effusions over a 2-year period for tamponade
[12]. They found that collapse of one or more right cardiac
chambers was highly sensitive for tamponade, while
abnormal venous flow pattern by Doppler was more specific
—systolic over diastolic predominance, respiratory accen-
tuation of this difference and expiration inversion of the
diastolic component. Other TTE signs of tamponade include
exaggerated inspiratory variation of the right and left ven-
tricle, collapse of any chamber, IVC plethora and abnormal
reduction in flow across the mitral and aortic valves during
inspiration [13].

Invasive measurements, such as Swan Ganz catheter
measurements generally reveal pulmonary hypertension in
tamponade with pulmonary artery systolic pressures ranging
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between 35 and 50 mmHg. Cardiac catheterization, though
not necessary for diagnosis, may reveal equilibration of
average intracardiac diastolic pressures. An arterial line
tracing will show a narrow pulse pressure and a low mean
arterial pressure.

What vascular access would you obtain prior to treating
pericardial tamponade?

If pericardial tamponade is present, or highly suspected,
prior to the induction of anesthesia, placing an arterial line
and a central venous line (CVL) are of great use. An arterial
line will offer beat-to-beat blood pressure readings, while the
CVL will permit reliable titration of pressors prior to drai-
nage of the effusion and provide central venous pressure
readings. Further, after the tamponade is relieved, there can
sometimes be a catecholamine surge marked by increased
blood pressure and heart rate that will be quickly recognized
with an arterial line. Given, the critical nature of this con-
dition, with compromised cardiac output and the possibility
of PEA arrest, decompression of the tamponade should not
be delayed by placing invasive monitors. Due to the risk of
significant bleeding during or after evacuation of the peri-
cardial collection, large bore intravenous access is also
necessary for resuscitation.

What are the hemodynamic goals for patients with
tamponade?

For patients with cardiac tamponade, the hemodynamic
goals are to maintain preload, chronotropy, afterload, and
inotropy. Colloquially speaking, the goals are to keep a
patient “full, fast and tight.” Patients with acute tamponade
are preload dependent. Increased venous return can over-
come the pericardial pressure and restore the gradient
between the chambers. So, it is important to administer
intravenous fluids and avoid hypovolemia. Given that stroke
volume is relatively fixed, cardiac output is dependent upon
heart rate. Bradycardia is rarely tolerated. Patients with
tamponade physiology require both inotropic support and an
increase in systemic vascular resistance (SVR). Given that
the heart is constricted externally from filling, a decrease in
contractility is poorly tolerated. Increasing the SVR is the
best way to ensure coronary perfusion. Norepinepherine and
vasopressin, therefore, are the preferred pressors for patients
with tamponade physiology. Epinephrine also addresses
each of the hemodynamic goals [14].

Another obstacle in caring for a patient with tamponade is
ventilation. The effect of positive pressure ventilation is
detrimental to cardiac filling. This is generally overcome by

maintaining low peak pressures, low PEEP as well as low
tidal volumes. Minute ventilation is maintained by increas-
ing the respiratory rate. Given these restrictions, ventilation
may not be adequate, and PaCO2 may rise. Permissive
hypercapnia may be tolerated on an individual basis but can
lead to RV failure.

What are the medical treatments for pericardial
effusion?

Patients with stable pericardial effusions may be man-
aged medically by treating the underlying cause of the
effusion. Inflammatory causes of pericarditis may be treated
with NSAIDs. Aspirin, indomethacin and ibuprofen are the
first-line therapy. Ibuprofen, has the lowest complication
rate and has a favorable effect on coronary blood flow [15].
However, in post-infarction pericarditis, aspirin is favored.
Colchicine may also be added for its impact on acute
pericarditis and efficacy in preventing recurrences. Sys-
temic steroids are reserved for patients with pericarditis
caused by autoimmune disease or uremia. For long-term
prevention of pericarditis, intracardiac steroids have shown
some efficacy with almost 80% symptom-free remission at
one year [16].

Which anesthetic agents would you choose for sedation
and general anesthesia in a patient with tamponade
physiology?

In hemodynamically unstable patients, the use of local
anesthetics and a subhypnotic doses of midazolam, ketamine
or fentanyl are appropriate in preparation for a subxiphoid
pericardial drainage procedure [17, 18]. These agents have
minimal effect on heart rate, contractility, and SVR, making
them ideal for a patient with tamponade. For critically
compromised patients ultimately requiring a pericardial
window, the anesthetic may begin with sedation until a
bridging pericardiocentesis is completed. After the tampon-
ade is relieved, general anesthesia may be induced. The heart
is then able to fill and contract normally and the negative
inotropic effects of propofol and inhaled anesthetics will be
less detrimental to the patient’s hemodynamics.

In patients who require general anesthesia for a pericar-
dial window, it is essential to choose an induction agent,
which has minimal impact on inotropy and vasomotor tone,
such as etomidate or ketamine [19]. Aggressive fluid
resuscitation is important prior to the induction of anesthesia.
Additionally, the use of infusions or boluses of nore-
pinephrine, vasopressin, or epinephrine may be necessary
during induction.
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When would you choose to do a pericardiocentesis versus
a pericardial window with a drain?

For patients with cardiac tamponade and hemodynamic
instability, quick drainage is essential. The indications for
either pericardiocentesis or surgical drainage are (1) overt
clinical tamponade in patients with purulent pericarditis or
large, idiopathic or chronic pericardial effusion and (2) either
unresolved or relapsing tamponade after pericadiocentesis
and persistent active illness three weeks after hospital
admission [20]. Both percutaneous and surgical drainage are
highly effective at alleviating symptoms and hypotension.
During percutaneous drainage, a catheter is placed under
echocardiographic guidance into the pericardial sac and left
in place until there is no further drainage from the site.
Surgical drainage is preferred for loculated effusions,
re-accumulation of fluid, when pericardial biopsy is required,
or in cases of coagulopathy—for ultimate control of the
surgical field in the event of severe bleeding. In nearly every
situation, coagulation studies should be obtained before the
procedure, and correction of coagulopathy should be
achieved prior to the intervention. It is important to drain
fluid in no larger than 1 L increments, as rapid removal can
cause acute right ventricular dilation [15]. Major complica-
tions from pericardiocentesis occur in only about 1% of
cases [21]. Surgical drainage bares a higher risk mainly
because it requires general anesthesia, which can induce
hypotension when the effusion has not first been drained.
Percutaneous pericardiocentesis carries fewer complications
when compared to surgical drainage [22]. In cases of trau-
matic hemopericardium or a dissecting aortic aneurysm,
surgical intervention is generally preferred because relief of
tamponade does not address the cause of the effusion and
may allow further bleeding.

What are the complications of percutaneous pericardio-
centesis and the creation of a pericardial window?

The main complications of pericardiocentesis are related
to bleeding into the pericardial sac, however, when a drain is
left in place, this is unlikely to present as a problem. Other
complications include acute left ventricular failure with
pulmonary edema because of sudden increases in systemic
venous return. Cardiac perforations are rare events, but may
be life-threatening. Arrhythmias, arterial perforation, pneu-
mothorax, vagal response, pleuropericardial fistulas, and
infection have all been reported [23]. In past studies of
surgical drainage, mortality has been as high as 20%,
although these findings could have been confounded by
underlying disease [24]. Recent data reveal reported lower
rates [25]. In a large study of patients undergoing
echo-guided pericardiocentesis, the effusion recurrence rate

for simple pericardiocentesis was 27%, and for those who
underwent surgical drainage 14% [21]. The main predictors
of recurrence were the lack of extended drainage, malig-
nancy, positive cytology, large effusion, and renal failure.
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12Non-cardiac Surgery After Heart
Transplantation

Elliott Woodward

Case
A 63-year-old man with a past medical history significant for
orthotopic heart transplantation 18 months prior presents for
open reduction and internal fixation of an unstable left lower
extremity bimalleolar ankle fracture. The patient sustained
the injury as a passenger in a car involved in a low-speed
motor vehicle accident, and subsequent workup in the
emergency department was negative for the presence of
additional injuries. He reports that he has been on a stable
immunosuppressive regimen for the past 6 months and
denies any recent chest pain, palpitations, weight gain, leg
swelling, orthopnea, fevers, chills, or malaise. Prior to his
accident, he reports being able to climb two flights of stairs
without chest discomfort or shortness of breath.

Medications:
Aspirin 80 mg daily
Tacrolimus 5 mg PO BID
Mycophenolate Mofetil 1000 mg PO BID
Prednisone 10 mg BID
Diltiazem 60 mg PO TID
Pravastatin 40 mg daily

Allergies: NKA
Past Medical History:
Cardiac:
Nonischemic cardiomyopathy status post orthotopic heart
transplant 18 months prior
Hypertension
Hypercholesterolemia
Endocrine:
Diet controlled diabetes mellitus

Physical Exam:
Vital Signs: BP 145/92, HR 95, RR 20, oxygen saturation

99% on room air
Cardiac: Regular tachycardia without murmurs, rub, or

gallop. JVP 3 cm. Left leg bandaged but no pedal edema on
right leg

Respiratory: Lungs clear to auscultation bilaterally
Otherwise: Insignificant
An EKG that was performed in the ED is notable for the

presence of two distinct P waves and right bundle branch
block.

1. How do the two branches of the autonomic nervous
system influence cardiac function in the normal
human heart?

Autonomic regulation of cardiac chronotropy (heart rate)
and dromotropy (conduction velocity) is achieved through a
balance of sympathetic and parasympathetic signaling to
cardiac pacemaker tissue. Autonomic control of cardiac
inotropy (contraction) and lusitropy (relaxation), on the other
hand, is primarily mediated through sympathetic signaling to
cardiac myocytes [1, 2].

2. Which neurotransmitters and receptors play a central
role in cardiac autonomic signaling?

When activated, preganglionic neurons of both the
sympathetic and parasympathetic nervous system release
acetylcholine from their nerve terminals in the autonomic
ganglia. Acetylcholine then diffuses across the synaptic cleft
where it binds to nicotinic acetylcholine receptors located on
the postsynaptic neurons, ultimately promoting depolariza-
tion and signal propagation in these cells. In the parasym-
pathetic system, stimulated postganglionic fibers release
acetylcholine which binds to muscarinic acetylcholine
receptors on the heart. In the sympathetic system, stimulated
postganglionic fibers release norepinephrine which binds to
cardiac adrenergic receptors.

E. Woodward (&)
Department of Anesthesiology, Perioperative and Pain Medicine,
Brigham and Women’s Hospital, 22 Fleet St., Apt 8,
Boston, MA 02113, USA
e-mail: elwoodward@partners.org

© Springer International Publishing AG 2017
L.S. Aglio and R.D. Urman (eds.), Anesthesiology,
DOI 10.1007/978-3-319-50141-3_12

67



3. What effect does the autonomic nervous system have
on the transplanted heart?

Autonomic nerves are transected in the process of trans-
plantation, disrupting autonomic influence on cardiac func-
tion in the early postoperative period. Autonomic
reinnervation of the transplanted heart can occur over time,
but its extent and time course are highly variable and
therefore unpredictable [3–10].

4. Why is the resting heart rate frequently elevated in
patients who have previously undergone heart
transplantation?

In the healthy, resting individual both sympathetic and
parasympathetic nerve fibers regulate automaticity in the
pacemaker cells of the sinus node [1, 2]. Usually in adults,
vagal parasympathetic influence predominates, resulting in
an overall slowing of the rate of depolarization of these cells
and therefore slowing of the resting heart rate. Disruption of
autonomic signaling to the heart during the process of
transplantation attenuates this parasympathetic-heavy influ-
ence, often leading to a significant elevation in resting heart
rate. Resting rates of 80–110 are common, though rates as
high as 130 or greater have been reported [3, 7, 9–11].

5. How might an anesthesiologist’s ability to detect
intraoperative awareness be altered by the loss of
cardiac autonomic innervation?

Though neither sensitive nor specific, alterations in
hemodynamic parameters such as heart rate and blood
pressure due to sympathetic nervous system activation can
serve as an indicator of insufficient anesthetic depth. In
patients who have undergone heart transplant, this sympa-
thetic response may be blunted or absent, highlighting the
importance of having a heightened awareness of anesthetic
depth in this patient population [6].

6. Why is maintenance of preload especially important
in patients who have previously undergone cardiac
transplantation?

Cardiac output is equal to the product of heart rate and
stroke volume. Accordingly, decreases in stroke volume
must be corrected or accompanied by a proportional increase
in heart rate in order to maintain stable cardiac output.
Reflex signaling through the autonomic nervous system
plays a central role in this compensatory response, increas-
ing heart rate and/or contractility when required to maintain
cardiac output. This reflex signaling is disrupted in the
denervated heart leaving only intrinsic adaptive cardiac

responses such as the Frank–Starling mechanism intact [3,
7]. This mechanism describes the heart’s ability to increase
contractility in response to increased cardiac muscle stretch
due to increased filling, i.e., preload.

7. How is the hemodynamic response to medications
different in individuals who have undergone heart
transplantation?

Drugs that produce hemodynamic changes through
modification of vascular tone such as phenylephrine and
nitroglycerin will produce relatively normal, dose-dependent
alterations in preload and systemic vascular resistance. The
compensatory bradycardia or tachycardia that would typi-
cally be seen with use of these medications, on the other
hand, is largely dependent on the autonomic nervous system
and may be disrupted [2]. Overall, the hemodynamic effect
of these drugs will be preserved if not slightly augmented via
loss of these compensatory changes. Similarly, drugs such as
atropine that exert their effect indirectly by altering auto-
nomic signaling will typically be less efficacious or com-
pletely ineffectual depending on the level of autonomic
reinnervation that has occurred post-transplantation [7, 10].
Hemodynamic effects of drugs like epinephrine that directly
binds to receptors on cardiac tissues will not only be
maintained but may be exaggerated [7, 9, 10, 12, 13].
Finally, drugs with mixed direct and indirect activity such as
ephedrine will typically retain only their direct effects.

8. What does this mean for the management of intra-
operative arrhythmias?

In the denervated heart, bradycardia typically would not
respond to the indirect effects of atropine and glycopyrrolate,
so the provider must be prepared to treat with pacing or
direct acting medications such as isoproterenol or epi-
nephrine. The denervated heart’s response to adenosine,
however, is exaggerated and so use of an alternate medica-
tion such as amiodarone is preferred when treating tach-
yarrhythmias [9, 10].

9. Why is it common for heart transplant patients to
have pacemakers and ICDs?

While disruption of autonomic input most commonly
results in elevation of the resting heart rate in individuals who
have undergone cardiac transplantation, factors such as sinus
node tissue injury related to graft ischemia, surgical trauma or
reperfusion injury occasionally cause post-transplant brady-
cardia [7, 9]. Treatment with a permanent pacemaker is
typically only undertaken when symptomatic bradycardia is
persistent, with rates of pacemaker placement for this
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indication most commonly reported at <10% [3, 9]. While
there are no clear guidelines surrounding the implantation of
ICDs in these patients, common reasons for placement
include unexplained syncope, frequent nonsustained ven-
tricular arrhythmia, graft failure, and graft vasculopathy with
associated left ventricular dysfunction [9, 14].

10. Why are two distinct P waves sometimes seen on the
EKG in patients who have a transplanted heart?

Two of the most common surgical approaches to cardiac
transplantation include the atrial to atrial cuff technique and
the bicaval technique. In the atrial to atrial cuff technique, a
part of the recipient’s right and left atria remains in situ and is
sutured to the atria of the donor heart. This may leave the
recipient with active sinus node tissue from both their native
heart as well as their newly transplanted heart. While these
suture lines serve as a barrier to prevent widespread conduc-
tion of pacemaker potentials originating in retained recipient
sinus nodal tissue, this electrical activity can still be seen on an
EKG as a second P wave [3, 6, 9, 15]. A lower rate of pace-
maker implantation and a slight mortality benefit have been
shown with the bicaval technique and thus most centers have
moved away from the atrial to atrial cuff technique when
possible [16]. Despite this fact, this phenomenon can still be
seen in the operating room in patients who had their transplant
prior to the more recent shift in practice. Additionally, tech-
nical limitations occasionally prohibit the use of the bicaval
approach necessitating use of the atrial to atrial cuff technique.

11. What other atrial arrhythmias are commonly seen in
patients after cardiac transplant?

First degree AV block, right bundle branch block and
atrial flutter are common [3, 9, 10, 17].

12. What is the significance of right bundle branch block
in these patients?

Isolated, stable right bundle branch block is likely of little
clinical significance. Higher rates of sudden cardiac death,
however, have been noted in the setting of progression of
bundle branch block on serial EKGs [9].

13. What should be done if an otherwise stable patient
with a heart transplant is found to have atrial flutter,
atrial fibrillation, or frequent ventricular arrhyth-
mias preoperatively?

Development of one of these arrhythmias in a patient with a
transplanted heart may be a marker for significant underlying
cardiac pathology such as rejection, LV dysfunction, or

cardiac allograft vasculopathy. Identification of these
arrhythmias should prompt a full workup to evaluate for the
presence of these serious conditions and to ensure that cardiac
function is optimized before the patient is taken to the oper-
ating room [9]. From a treatment standpoint, use of
beta-blockers and calcium channel blockers for rate control
may be limited by the risk of bradycardia and interactions with
immunosuppressive medication. Despite the fact that amio-
darone also has the potential to interfere with pharmacokinetic
processing of certain immunosuppressants, it is frequently the
drug of choice for treatment of atrial tachyarrhythmia in this
patient population [9, 10]. Radiofrequency ablation may also
be used to treat sustained arrhythmias.

14. What is cardiac allograft vasculopathy?

Cardiac allograft vasculopathy is the result of endothelial
damage from both immune and nonimmune factors. It causes
diffuse vascular remodeling, which can result in progressive
and potentially rapid occlusion of affected vessels [4, 18].

15. How common is this disease?

Prevalence of this disease increases with time after heart
transplantation with recent reports suggesting that more than
half of patients alive ten years post-transplantation are
affected [2, 4, 19]. It contributes significantly to
post-transplant mortality and, along with neoplasia, repre-
sents one of the two leading causes for late mortality [19].

16. How do patients with this disease present and how is
the disease diagnosed and monitored?

Denervation of the transplanted heart can complicate
clinical detection of cardiac allograft vasculopathy. Typical
symptoms of cardiac ischemia secondary to vasculopathy
such as chest and shoulder discomfort may be absent and
signs/symptoms of disease may instead present very late
with silent myocardial infarction, ischemia-related arrhyth-
mia, syncope, heart failure, or sudden cardiac death [4, 8, 18,
19]. While multiple methods for disease detection and
monitoring such as ultrasound and optical coherence
tomography have been proposed, current guidelines advo-
cate for the use of coronary angiography in conjunction with
functional assessments of graft activity [2, 4, 20].

17. How is this disease treated?

Cardiac allograft vasculopathy is primarily treated with
percutaneous coronary intervention (PCI), surgical revascu-
larization, or retransplantation. PCI is used in the majority of
cases. Notably, the diffuse nature of this disease can limit the
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utility of treatment by PCI, particularly in disease affecting
distal vasculature [3, 18]. For this reason, special attention
should be paid to intraoperative coronary perfusion pressure
in patients with known distal cardiac allograft vasculopathy
in order to prevent ischemia.

18. What is the role of endomyocardial biopsy (EMB) in
the care of patients after they receive a heart trans-
plant and how does this affect vascular access
strategies during subsequent surgical procedures?

Endomyocardial biopsy in conjunction with assessment
of clinical signs and symptoms remains the gold standard for
detection of graft rejection. It is currently the standard of
care to have periodic endomyocardial biopsies performed as
part of a rejection surveillance program throughout the first
year after cardiac transplantation. Further, biopsies beyond
this period may be performed as part of an ongoing
surveillance program, if suspicion for graft rejection devel-
ops or to assess the clinical response to changes in a patient’s
immunosuppressive regimen. These biopsies are typically
performed via the right internal jugular vein (IJ), and so
when possible, cannulation of this vein should be avoided in
order to preserve it for this function [3, 10, 21, 22].

19. What are some of the clinical signs/symptoms of
rejection?

The clinical presentation of graft rejection may include
development of fever, fatigue, new onset arrhythmia, new
onset heart failure, and/or derangement in functional tests of
the transplanted heart [3, 6, 9, 17].

20. Why should further investigation into the possibility
of rejection be carried out preoperatively if one of the
above signs/symptoms is present?

Some studies have shown that morbidity is higher in
patients that have surgery in the middle of a rejection epi-
sode, suggesting that rejection should be ruled out and/or
treated whenever possible prior to going to the operating
room [6]. If surgery is required urgently or emergently, the
risk associated with delaying the case to complete the
workup must be balanced against the risk of proceeding in
the presence of potential rejection.

21. What three classes of drugs serve as the backbone for
most patients’ maintenance immunosuppressant
regimen after heart transplantation?

A typical maintenance immunosuppressive regimen
after heart transplant is comprised of a calcineurin

inhibitor (e.g., cyclosporine or tacrolimus), a steroid (e.g.,
prednisone) and an antimetabolite (e.g., mycophenolate).
Deviations from this regimen sometimes occur in an
effort to minimize morbidity related to the side-effects [7,
21].

22. What are some of the most important cardiovascu-
lar, hematologic, endocrine, renal, and muscu-
loskeletal side-effects of immunosuppressants from
an anesthetic standpoint?

• Cardiovascular: hypertension, hypercholesterolemia
• Hematologic: bone marrow suppression with associated

anemia, leukopenia, and thrombocytopenia
• Endocrine: hyperglycemia, adrenal suppression
• Renal: renal insufficiency and electrolyte disturbances

such as hyperkalemia and hypomagnesemia
• Musculoskeletal: osteoporosis [3, 6, 7, 15, 19].

23. Should these medications be given during the peri-
operative period?

Despite their side-effects, immunosuppressant medica-
tions should not be held without first consulting with the
patient’s transplant team. Occasionally, a single dose cal-
cineurin inhibitor may be skipped on the morning of surgery
to minimize development of perioperative renal dysfunction
in the setting of dehydration. The remaining immunosup-
pressive medications are typically continued throughout the
perioperative period [10]. Intraoperatively, dose adjustments
may be necessary because of potential drug interactions or
because of dilution by intraoperative fluid administration or
blood loss [6]. Medications should be converted to and given
IV if they cannot be given orally.

24. Can NSAIDs be used in these patients?

NSAIDs may worsen the nephrotoxicity that is associated
with calcineurin inhibitor administration, limiting their use
in transplant patients [6].

25. Why must one have a heightened suspicion for the
presence of infection in these patients?

Use of immunosuppressive medications significantly
increases the risk of infection which remains a major
source of post-transplant morbidity and mortality [7, 23].
High rates of infection-related morbidity and mortality
may in part be attributable to the fact that infections go
unrecognized because the typical signs and symptoms are
often absent in patients with compromised immune
function [24].
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26. Should antibiotics be given as infective endocarditis
prophylaxis in patients with a heart transplant prior
to dental procedures?

While the utility of perioperative antibiotic administration
in preventing infective endocarditis after dental procedures
in this patient population has not been clearly shown, the
2008 ACC/AHA guidelines recommend prophylaxis against
infective endocarditis in cardiac transplant recipients who
have a regurgitant valve lesion [25, 26].

27. Are there any antibiotics that shouldn’t be given to
patients who have a heart transplant?

Erythromycin and aminoglycoside antibiotics are often
avoided as they may both exacerbate renal dysfunction
related to calcineurin inhibitor use [10].

28. How else might one’s intraoperative anesthetic plan
need to be adjusted in order to accommodate the
increased risk of infection in heart transplant
patients?

Maintenance of sterility during placement of invasive
lines and catheters is especially important as well as early
removal of these devices. Avoidance of nasal intubation to
prevent spread of nasal flora, early extubation, and aggres-
sive pulmonary toilet may help to avoid the development of
pulmonary infectious complications. If blood products are
required, irradiated, leukocyte reduced, CMV negative
products must be given through filters to minimize not only
the risk of infection but also the risk of graft versus host
disease [3, 10, 15].

29. What effect does cyclosporine have on the activity of
neuromuscular blocking drugs?

Cyclosporine can augment the paralytic effect of some
nondepolarizing neuromuscular blocking drugs [6].

30. Why must one be cautious when reversing neuro-
muscular blockade in patients who have previously
undergone heart transplantation?

In normal individuals, neostigmine causes bradycardia by
increasing acetylcholine-mediated parasympathetic signaling.
This side-effect is usually prevented through the coadminis-
tration of an anticholinergicmedication such as glycopyrrolate
or atropine. Theoretically, denervation associated with heart
transplantation renders the heart resistant to these parasym-
pathetic effects, obviating the need for the use of an anti-
cholinergic for this purpose. In practice, this is not the case and

transplanted patients may instead demonstrate heightened
sensitivity to the bradycardic effects of acetylcholinesterase
inhibitors such as neostigmine [7, 27–29]. As the time from
transplantation increases, it appears that the incidence of this
sensitivity also increases, suggesting reinnervation may play
an important role in this response [27]. This sensitivity can be
profound and has caused asystole in patients despite coad-
ministration of anticholinergics [28]. Accordingly, one should
consider avoidance of neuromuscular blockade with nonde-
polarizing agents in patients that are more than a few months
post-transplant when possible. If use of these agents is
required, reversal should be done carefully with concomitant
use of anticholinergic medications and with direct acting
beta-agonists such as isoproterenol or epinephrine readily
available to treat bradycardia if it does develop.

31. Why might patients who have undergone cardiac
transplantation be at a higher risk for complication
from neuraxial/regional anesthesia?
• Bleeding: Thrombocytopenia may develop sec-

ondary to immunosuppressant medication use, and
thus a platelet count should be obtained when a
neuraxial or regional anesthesia is being considered.

• Infection: Chronic immunosuppression puts patients
at increased risk of infection. This risk should be
discussed with the patient prior to use of
neuraxial/regional anesthesia. Block and catheter
placement should only be performed under strictly
sterile conditions and early removal of any indwelling
catheters that are placed may be important in mini-
mizing risk.

• Hemodynamic compromise: Denervation of the
transplanted heart may leave it poorly equipped to
manage the decrease in preload that may accompany
neuraxial anesthesia. However, neuraxial anesthesia
has proven to be safe and efficacious in this patient
population when performed carefully, with special
attention to and correction of hemodynamic abnor-
malities [30, 31].

32. What are some of the basic considerations when it
comes to airway management after cardiac
transplantation?

Nasal intubation should be avoided when possible to
prevent the spread of nasal flora in an immunosuppressed
patient. Immunosuppressive medications such as cyclos-
porine can also cause to gingival hyperplasia and can leave
soft tissues of the upper airway more susceptible to bleeding,
potentially complicating the placement of both endotracheal
tubes and laryngeal mask airways [3]. Additionally, there is
an increased incidence of lymphoproliferative disease in
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cardiac transplant recipients which has the potential to pre-
cipitate severe airway obstruction at the time of induction of
anesthesia [1, 6].
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13Anesthesia for Coronary Artery Bypass Graft
(CABG)

Jamahal Luxford and Levi Bassin

A 53 y/o man presents with an episode of intractable chest
pain and dyspnea after shoveling snow, and a 3-month his-
tory of worsening dyspnea on exertion.

Medications: Simvastatin 20 mg oral daily

ACE-I

Heparin drip—started as inpatient

Nitroglycerin drip—started as inpatient

Aspirin 81 mg oral daily—started as inpatient

Allergies: Nil Known

Past Medical History:

Cardiac: Hypertension

Hypercholesterolemia

Physical Exam:

Vital Signs: BP 125/81 HR 80 RR 16 Oxygen
saturation: 98%

Coronary Angiogram:

80% stenosis of the Proximal Left Anterior Descending Artery
(LAD)

90% stenosis of the Right Coronary Artery (RCA)

70% stenosis of the Left Circumflex Artery (LCx)

Right dominant circulation

LV gram suggests a diminished ejection fraction

Transthoracic Echocardiogram summary report:

Normal thickness of left ventricular wall

(continued)

Normal size left ventricle

Diminished left ventricular ejection fraction—estimated 35–40%

Hypokinesis in the inferior wall and anterior, anterolateral and
anteroseptal walls

Normal appearance and function of the right ventricle

Trace to mild tricuspid regurgitation. Otherwise normal valves

No pericardial effusion

1. What are the indications for non-emergent CABG?

The AHA/ACC guidelines indicate the level of evidence
for CABG surgery. The following are considered Class 1
indications for surgery in stable CAD [1]:

• CABG to improve survival is recommended for patients
with significant (>50% diameter stenosis) left main
coronary artery disease. (Level of Evidence: B)

• CABG to improve survival is beneficial in patients with
significant (>70% diameter) stenosis in 3 main coronary
arteries (with or without involvement of the proximal
LAD artery) or in the proximal LAD plus 1 other major
coronary artery. (Level of Evidence: B)

Other indications for CABG or PCI include improving
survival in patients who survive sudden cardiac death with
presumed ischemia mediated VT, or to improve symptoms
in patients with persistent angina despite goal-directed
medical therapy. Both of these indications relate to a sig-
nificant (>70% diameter) stenosis in a major coronary artery.

CABG is also recommended in patients undergoing
non-coronary cardiac surgery with greater than or equal to
50% luminal diameter narrowing of the left main coronary
artery or greater than or equal to 70% luminal narrowing of
other major coronary arteries. (Level of Evidence: C)

The indications for emergency CABG are different to
those for the elective situation.
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2. What are the important features to note on the
coronary angiogram?

The coronary angiogram will demonstrate the location
and severity of coronary artery disease and will often also
have a left ventriculogram. This gives an assessment of LV
function and the degree of MR, if present. The degree of
coronary disease may guide the conduct of anesthesia and
whether an Intra Aortic Balloon Pump (IABP) will be
required.

Patients undergoing CABG usually have significant
involvement of the LAD and multi-vessel disease not
amenable to PCI. Anatomical considerations include:

• Where is the disease and what is the extent of the
disease?

• Is there left main stenosis? (>50% stenosis of the left
main)

• Is there left main equivalent stenosis (>70% stenosis of
the proximal LAD and LCx)

• Are any vessels completely occluded? (These will be
supplied by collaterals and are more pressure dependent)

Coronary anatomy from angiography that should raise
concern for the induction of anesthesia include the
following:

• Severe left main (>90%) or left main equivalent disease
• Chronic obstruction of 2 vessels (e.g., RCA and LAD.

This results in the majority of myocardium being sup-
plied by the remaining vessel, in this scenario the LCx)

Also, if the patient is having active rest angina or ECG
changes despite maximal medical management, regardless of
anatomy, this is obviously of concern.

3. What scoring systems are used for determining the
predicted risk of mortality (PROM)?

Several scoring systems exist and are all based on large
databases of patients having undergone cardiac surgery.
These scores utilize a variety of preoperative factors (such as
age, LV function, renal dysfunction, etc.), to estimate a
patient’s 30-day PROM.

These have better predictive power for lower risk patients:

• EuroSCORE
– European System for Cardiac Operative Risk Evalu-

ation. First published in 1999, and predominantly a
score for CABG alone [2].

• EuroSCORE II

– Updated EuroSCORE in 2012. Based on a much
larger database of contemporary surgical outcomes.

• STS score
– Society of Thoracic Surgeons. Provides PROM for

CABG, valve, or combined CABG/valve procedures
[3].

4. What factors may significantly increase the risk of
cardiac surgery?

The following are some factors which may increase the
risk of cardiac surgery:

• Age
• Co-morbidities

– LV dysfunction, renal dysfunction, pulmonary
hypertension, hepatic dysfunction, active endocarditis

• Frailty (difficult to measure)
– The American College of Surgeons suggests use of

the Fried or Robinson scales [4]
• Urgency status

– Active ischemia/failure, preoperative inotropes/
mechanical support (VAD/IABP)

• Technical factors
– Redo cardiac surgery, poor coronary targets (i.e.,

difficult to graft/incomplete revascularization), aortic
calcification (difficult to cannulate/cross clamp).

5. What are generally accepted rates of complications
for elective CABG in a patient with normal LV
function?

Mortality 1–2%

Stroke 1–2%

Perioperative MI 2–5%

Early graft dysfunction 1–5%

Deep sternal wound infection 1% (up to 3% if bilateral IMA)

Transfusion of RBC 20–50%

Renal failure requiring dialysis 1–2%

Prolonged ventilation 1–5%

These may increase with age, LV impairment, urgent
status, previous neurological event, renal impairment, and
airways disease.

6. How long should antiplatelet/anticoagulants be with-
held prior to surgery?

This depends on both the urgency of the operation and
the pharmacology of the drug involved.
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• Aspirin (irreversible platelet inhibitor—blocks platelet
cyclo-oxygenase):
– Can safely continue low dose aspirin (81 mg daily;

this is an AHA class I recommendation.
• Clopidogrel (irreversible thienopyridine platelet inhibitor

—blocks ADP):
– Should wait 5 days, but can operate if necessary,

accepting a higher risk of bleeding.
• Prasugrel (more potent irreversible thienopyridine than

clopidogrel):
– Should wait 7 days and should not operate unless

absolutely required in the first 3 days.
• Ticagralor (potent reversible thienopyridine):

– Ideally should wait 5 days, but can operate if neces-
sary with higher risk of bleeding.

• Abciximab—reversible platelet inhibitor—(monoclonal
antibody against GPIIb/IIIa):
– Is often used in PCI and in unstable angina with

critical coronary anatomy.
– Plasma half-life of 30 min with significant platelet

dysfunction for 48 h.
– Stopping the drug 12 h prior to surgery will limit

blood loss with surgery.
• Unfractionated Heparin (UFH):

– It produces its major anticoagulant effect by inacti-
vating thrombin and activated factor X (factor Xa)
through an antithrombin III-dependent mechanism;
half-life is 1–2 h.

– Is usually ceased 6 h prior to surgery unless the
patient is suffering from unstable angina/acute coro-
nary syndrome, in which case it can be continued to
the OR.

• Low Molecular Weight Heparins (LMWH):
– Much longer half-life and dosing depends on renal

function.
– If on therapeutic LMWH, ideally should wait 24 h

from the previous dose, longer if abnormal renal
function.

– The patient should ideally be switched to UFH 48 h
prior to surgery.

• Bivalirudin:
– A reversible direct thrombin inhibitor with a half-life

of 25 min. Should be stopped 6 h prior to surgery.
• Coumadin (warfarin):

– Cease 5 days prior and bridge with LMWH or UFH
depending on the clinical requirement for
anticoagulation.

• Novel oral anticoagulants (NOACs):
– These include the direct thrombin inhibitor dabigatran

(Pradaxa®) and the Xa inhibitors rivaroxoban (Xar-
elto®) and apixiban (Eliquis®).

– These have a shorter effective half-life than Coumadin
but should be stopped at least 4 days prior to cardiac
surgery and bridged with LMWH/UFH as required.

7. Should this patient have investigation of the carotid
arteries performed?

The AHA recommends carotid artery duplex in a patient
with the following high risk features (Class IIa recommen-
dation. Level of Evidence: C) [5]:

• >65 years of age
• Left main coronary stenosis
• Peripheral arterial disease
• History of cerebrovascular disease (stroke/TIA)
• Hypertension
• Smoking
• Diabetes mellitus

The key findings are internal carotid artery (ICA) stenosis
and vertebral artery flow. This will guide perfusion man-
agement on cardiopulmonary bypass (CPB), whether cere-
bral oximetry monitoring may be required intraoperatively,
and whether concomitant carotid intervention is warranted.

8. When is intervention for carotid artery disease indi-
cated in the setting of CABG?

Concomitant carotid intervention (either pre-CABG,
during, or post-CABG) is suggested for:

• ICA stenosis 50–99% with a history of stroke or TIA
(Class IIa)

• Bilateral ICA stenosis 70–99% if asymptomatic (Class IIb)
• Unilateral ICA stenosis 70–99% with contralateral

occlusion (Class IIb).

All of these recommendations have a Level of Evidence: C
The ideal timing of concomitant carotid intervention is

unclear from the evidence. Preoperative carotid intervention
carries a higher perioperative MI risk, postoperative carries a
higher stroke risk for the CABG, and carotid/CABG in the
same setting carries a higher risk of stroke [6].

9. Are all patients presenting for an isolated CABG
procedure required to have a TTE performed prior to
surgery?

Most patients in the modern era have had a TTE per-
formed preoperatively. A select group may be able to pro-
ceed to CABG without a TTE:
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• If clinical exam shows no evidence of valvular disease, and
• If the left heart catheterization showed normal LV

function, and
• No MR on LV gram, and
• If they will have a TEE intraoperatively.

The important things to note on a preoperative TTE
include the following:

• LV function and size
• RV function and size
• Valvular pathology
• Pulmonary pressures (estimated from the TR jet velocity)
• Presence of a pericardial effusion
• Aortic dimensions (looking for aneurysm).

10. When is a myocardial viability test indicated in the
preoperative work-up for planned CABG surgery?

The aim of CABG is for both a survival benefit and to
reduce the symptoms of debilitating and refractory angina.
Patients with significant myocardial scar will not see these
benefits, as revascularization will not improve the scarred
territory. Furthermore patients with anatomical three vessel
disease with a large LAD territory scar are not considered to
have clinical LAD disease and these patients may not see the
survival benefit of CABG over PCI.

There are 4 states of ventricular myocardium [7]:

(1) Normal contractility—viable
(2) Hibernating—reversible ischemic hypocontractility

with hypoperfusion
(3) Stunned—transient post-ischemic hypocontractility

with normal perfusion
(4) Scar

Viability testing is utilized to determine what is viable
myocardium and would be expected to benefit from revas-
cularization. These studies include the following:

• MRI:
– Late gadolinium enhancement >50% of the LV wall

thickness indicates nonviability.
• Nuclear imaging:

– Technetium sestamibi or Thallium. The radioisotopes
are taken up by viable myocardium.

• PET:
– Viable myocardium will have FDG (fluorodeoxyglu-

cose) uptake.
• Stress echocardiography:

– With exercise or dobutamine (to 20 mcg/kg/min)
– Viable territories should improve with dobutamine [8].

11. What conduits are available for bypasses and what
factors influence the decision to use a particular
conduit?

The most common conduits used for CABG include: the
internal mammary arteries (left and right, referred to as
LIMA and RIMA), the long saphenous vein, and the radial
arteries. Other less commonly used vessels include the short
saphenous vein, the right gastroepiploic artery, and the
cephalic vein in the forearm.

Long-term patency of the grafts depends on the quality of
the conduit as well as the quality of the target vessel.
The LIMA has proven to be the most durable conduit with a
10-year patency of 95% when grafted to the LAD. A LIMA
to the LAD is associated with improved survival compared
with vein to the LAD, PCI, or medical therapy alone.

Saphenous vein grafts are immediately available, are not
prone to spasm, and are not prone to competition with the
native flow as opposed to arterial conduits (IMA and radial
artery). However, the saphenous vein generally develops a
thickened intima with associated obstructive disease as the
vein becomes ‘arterialized.’ The 10-year patency of vein
grafts to the RCA or LCX is approximately 70%.

The radial artery is particularly prone to spasm due to its
thick and muscular media. Spasm is reduced by using topical
and intra-luminal vasodilators (verapamil, nitroglycerin) and
by grafting it to a coronary artery that has a high grade stenosis
so that the nativeflowdoes not “compete”with the radial artery.

The nondominant arm is usually used and there should be
clear communication preoperatively between the anesthesia
and surgical teams so that a radial arterial line is not inserted
into the artery that is to be harvested.

The risks of radial artery harvest include: hand ischemia
(if the deep and superficial palmar arches are incomplete),
and paresthesia from injury to the superficial radial nerve (on
the lateral aspect of the dorsum of the hand). Postoperative
hand weakness is uncommon.

An Allen’s test is performed to test whether the ulnar artery
can adequately supply the hand by way of intact palmar arches.

12. What is the evidence for an Allen’s Test?

Although there is little evidence that it is a particularly
predictive test, it is commonly performed in the preoperative
assessment [9].

13. Should CABG be performed “on-pump” or
“off-pump”? What are some of the supposed benefits
of avoiding CPB?

On-pump CABG is the most common method of per-
forming CABG in the USA. This refers to performing the
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bypasses with the heart arrested using cardiopulmonary
bypass. This enables accurate visualization and performance
of the coronary anastomosis in a still and bloodless field.
However, this comes at the cost of the effects of CPB with
possible neurological injury, renal injury, anemia, platelet
dysfunction, and systemic inflammatory response.

Off-pump CABG (OPCAB) entails performing the
bypasses on a beating heart without the use of CPB and is
technically more difficult. There has been a lot of contro-
versy regarding the benefits of either technique and there has
been a resurgence of on-pump CABG in the USA. Two large
randomized trials (ROOBY and CORONARY) failed to
show a benefit of off-pump over on-pump at one year in
terms of mortality, stroke or renal failure [10, 11].

In the ROOBY trial, off-pump was also found to be
associated with significantly worse graft patency at one year.

14. What are some of the issues faced by the anesthetist
associated with performing OPCAB?

Issues include the following:

• Thermoregulation (usually managed with assistance of
the heart-lung machine)

• The need for scrupulous management of hemodynamics
by the anesthesiologist throughout the procedure

• Changes in the utility and appearance of monitoring
(ECG, TEE) during portions of the procedure

• Management of ischemia during performance of the
anastomoses

• Manipulation of the heart rapidly alters loading condi-
tions, which may also lead to arrhythmias and large
swings in hemodynamics [12]

An awareness of the surgical requirements at various
stages of the operation, when regional ischemia may be
induced, and the cardiac manipulations performed are all
required. Subsequently communication with the surgical
team is even more critical than with conventional CABG.

15. The patient says he is concerned about the anesthesia
as his father had a CABG in his seventies and didn’t
seem “quite right” for some time after. What would
you tell him?

Neurological injury is one the most feared complications
responsible for morbidity and mortality after cardiac surgery.
It exists on a spectrum from definitive cerebrovascular
accident (stroke) to subtle neurocognitive effects [13].

Stroke
There is a strong association between the burden of
atherosclerotic disease and neurocognitive morbidity. If a
patient is found to have high grade of atherosclerosis, or
mobile plaque in the ascending aorta, then the operative
technique may be altered in the hope of minimizing plaque
mobilization.
Postoperative Cognitive Dysfunction (POCD)
Subtle neurocognitive dysfunction has been recognized to
occur after cardiac surgery. Potential etiological factors have
included CPB itself, inflammatory processes and embolic
complications. More recent research suggests the degree of
POCD after 3 months is unrelated to the type of surgery
[14]. This is supported by the findings that the incidence of
POCD is no different between OPCAB and conventional
CABG [15].

16. Is this patient, having cardiac surgery, at higher than
average risk of awareness or is this only of historical
concern?

Cardiac surgery has classically been considered high risk
for awareness. However, this occurred with older, high
opiate regimes using little volatile or other amnestic,
resulting in incidences of awareness >10% [16].

The cause of awareness under anesthesia is an imbalance
between the requirements of the patient needed to avoid
consciousness and what is administered.

• A patient with normal anesthesia requirements, who
cannot tolerate the necessary anesthesia, i.e., due to
diminished ejection fraction or hemodynamic
compromise

• A patient with normal anesthesia requirements, who
receives too little, often by error

• A patient with higher than normal requirements, who
receives a normal amount

The largest study of intraoperative awareness to date
suggested an incidence of 1:10,000 in cardiac surgery,
higher than the overall incidence [16]. As conceptualized
above, most episodes of awareness involved either brief
interruptions of drug delivery, by human error or technical
problems, or the use of intentionally low doses of anesthetic
in high risk patients.

During low stimulation parts of CABG surgery, such as
harvesting of the LIMA, relative hypotension is not
uncommon. While it may be tempting to reduce the con-
centration of volatile delivered, it is important to remember
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awareness is still possible at this point. Relatively high doses
of opiate agents and the prevalence of beta blocker usage in
these patients may mask the hemodynamic changes some-
times used as surrogate measures with light anesthesia.

In routine cardiac surgery clear communication with
perfusion staff is essential to ensure adequate anesthesia
agent is continued on CPB and the use of some depth of
anesthesia monitor is suggested. Circulating volume changes
and alterations in drug concentrations are associated with the
commencement and cessation of CPB, representing vulner-
able times for awareness. In sicker cardiac patients (i.e.,
reduced EF or disease requiring tightly controlled hemody-
namics) vigilance must be maintained to ensure adequate
anesthesia for amnesia is administered.

17. What is “Fast Track” cardiac surgery? Is this patient
suitable?

Although no firm definition exists, this refers to anes-
thesia and postoperative processes for cardiac surgical
patients which encourage comfortable and safe extuba-
tion <6 h after surgery and minimizing both the duration of
ICU and overall length of stay [17].

As with any general anesthetic, areas that require atten-
tion are: hemodynamic stability, thermoregulation, control
of nausea and vomiting, and adequate analgesia without
excessive respiratory depression from opiates (or sedatives).
Attention to the appropriate management of neuromuscular
blockade, and avoidance of long acting agents is also
required.

A successful “fast track” process also requires appropriate
patient selection and operative list management as well as
adequate staffing and skill mix in the postoperative envi-
ronment, so that patients may be safely extubated when
clinically indicated regardless of the time of day. As with
many aspects of cardiac anesthesia, the success of such goals
depends on attention to teamwork and communication.

18. What would be the utility of a Pulmonary Artery
Catheter (PAC) in this patient?

The Pulmonary Artery or Swan Ganz Catheter is a
monitoring tool which is still frequently utilized within
cardiac surgery. The catheter itself has a number of lumens
which can be used like a conventional central venous
catheter, however it also has a balloon directed tip that
allows for the transduction of pulmonary artery pressures.
The PAC can also continuously monitor central venous
oxygen saturations, whilst specialized variants allow for
pacing of the heart.

Although many studies have failed to demonstrate benefit
from the routine use of the PAC, and some even suggested

the potential for harm, its use in many centers for cardiac
surgery is routine [18]. Some centers use it in a more
pragmatic manner for only higher risk patients, or those
having more complex surgery, however evidence for benefit
in these situations is also limited.

19. Should this patient have a Transesophageal Echo
(TEE) performed intraoperatively?

The use of TEE in CABG has only a Class IIa (Level of
Evidence: B) recommendation [5]:

• Intraoperative TEE is reasonable for monitoring of hemo-
dynamic status, ventricular function, regional wall motion,
and valvular function in patients undergoing CABG

Despite this, TEE is commonly utilized in routine CABG
surgery, as is PAC in some centers. In regard to this patient,
given the diminished EF, a stronger case could be made for
the use of intraoperative TEE on the balance of potential
risks and benefits.

As an example of the breadth of anesthetic practice in
what would be considered to be a highly standardized pro-
cedure (CABG), an otherwise well patient with a maintained
EF presenting for CABG could have both a PAC and TEE,
one or the other, or potentially neither (only a conventional
CVC), depending on the institute and practice of the anes-
thesiologists and surgeons involved.

The benefits of TEE over PAC include the following:

• Better delineation of loading conditions and RWMA
• Ability to examine for additional cardiac pathology

In a situation where TEE is to be avoided, additional
information can be gained through the use of
epiaortic/epicardial echocardiography. If TEE is not used
initially but needed as a “rescue” later, should hemodynamic
or operative complications arise, it is important to be cog-
nizant that the patient will likely be fully heparinized at this
time of probe placement.

20. What are the potential risks of TEE or PAC
placement?

TEE
Although often considered as a reasonably “non-invasive”
instrument, TEE comes with its own unique risks. There are
a number of absolute and relative contraindications [19]
(Table 1).
The overall complication of TEE placement and intraoper-
ative usage is 0.2%. Incidence of complications are shown in
Table 2 [20]:
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Pulmonary Artery Catheter
Complications of PAC can be classified as those related to
the following:
• Placement of central venous access
• In vivo presence of catheter and potential for arrhythmias
• Interpretation of hemodynamic information obtained

The most feared complication of PAC use is pulmonary
artery rupture, with an incidence of 0.03–0.2% of cases, with
a mortality of 41–70%. Factors which may increase this
include the following: hypothermia, anticoagulation,
advanced age and potentially pulmonary hypertension [21].

Attention must be paid to ensuring the PAC is not
“over-wedged,” having migrated distally or impacted against
the vessel wall.

21. What other monitors should be utilized during car-
diac surgery?

In addition to the routine monitors required for any gen-
eral anesthetic as laid out by the standards for basic anesthetic
monitoring, an arterial line and temperature monitoring
should be used. As usual, temperature may be monitored at
many locations, however a central site, such are bladder
(utilizing a specialized urinary catheter) and a naso or

oropharyngeal site are often used. This aids monitoring of the
adequacy of rewarming post CPB. Oropharyngeal tempera-
ture monitoring may be preferred as it avoids the potential for
nasal mucosa injury in a fully heparinized patient.

In some cardiac surgery, cerebral oximetry monitoring
may be utilized, but this is unlikely for routine CABG with
normal carotid arteries. Given the previous discussion on the
increased risk for awareness, some form of processed EEG
monitoring (BIS or similar) is often used.

A report by the ASA task force on intraoperative aware-
ness could not come to firm consensus on the use of aware-
ness monitoring. The consultants were equivocal regarding
the use of brain electrical monitoring for cardiac surgery,
whereas the ASA members agree with their use [22].

22. Should this patient be administered an antifibri-
nolytic? Briefly what was the concern in relation to
the use of Aprotinin in cardiac surgery?

A large percentage of patients presenting for cardiac
surgery will require a blood transfusion. Whilst this is
dependent on a number of patient and surgical variables,
there are standardized processes which may help to reduce
transfusion rates. One of these relates to the utilization of
antifibrinolytic drugs.

Table 1 Absolute and relative
contraindications for TEE
placement

Absolute contraindications Relative contraindications

Perforated viscus History of radiation to neck and mediastinum

Esophageal stricture History of GI surgery

Esophageal tumor Recent upper GI bleed

Esophageal perforation,
laceration

Barrett’s esophagus

Esophageal diverticulum History of dysphagia

Active upper GI bleed Restriction of neck mobility (severe cervical arthritis, atlantoaxial joint
disease)

Symptomatic hiatal hernia

Esophageal varices

Coagulopathy, thrombocytopenia

Active esophagitis

Active peptic ulcer disease

Table 2 Incidence of
complications from TEE
placement

Mortality 0%

Major morbidity 0–1.2%

Major bleeding 0.03–0.8%

Esophageal perforation 0–0.3%

Minor pharyngeal bleeding 0.01%

Severe odynophagia 0.1%

Dental injury and ETT malposition Both 0.035%
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The Society of Thoracic Surgeons Blood Conservation
Clinical Practice Guidelines gives the use of Lysine ana-
logues (epsilon-aminocaproic acid and tranexamic acid) a
Class 1 recommendation (Level of Evidence: A). These
agents reduce total blood loss and decrease the number of
patients who require blood transfusion during cardiac pro-
cedures and are indicated for the purposes of blood con-
servation [23].

The serine protease inhibitor aprotinin is another
antifibrinolytic agent. Concerns about its potential for renal
dysfunction led to the BART trial which compared the use of
various antifibrinolytic agents in patients undergoing high
risk cardiac surgery. The study was terminated due to an
excess of cardiac deaths within the aprotinin group [24].

The STS guideline gives both high and low dose regimes
of aprotonin a Class III recommendation (Evidence for
Harm, should not be used).

23. What is “coronary steal” and how is it related to the
practice of cardiac anesthesia?

Coronary steal refers to the redistribution of blood flow to
non-ischemic myocardium at the expense of decreased flow
to an area of collateral dependent ischemic myocardium. In
the practice of cardiac surgery early concern existed about
the potential for isoflurane to lead to vasodilation of coro-
nary arterial vessels, diverting (“stealing”) blood flow from a
vessel with a fixed obstruction, worsening the already
existing ischemia [25, 26].

Despite a good theoretical scientific basis, in the modern
practice of “balanced anesthesia” with low inspired con-
centrations of volatile, it is of little practical clinical concern
and isoflurane is commonly utilized for cardiac surgery.

This is not to diminish the role or existence of coronary
steal as an entity. It is exactly this mechanism that is utilized
in noninvasive cardiac testing with agents such as
dipyridamole.

24. What is ischemic preconditioning and how does it
relate to surgery and anesthesia for CABG?

Myocardium which has previously been exposed to brief
intermittent episodes of ischemia appear to be protected
against subsequent episodes of more significant ischemia.
This concept is known as “ischemic preconditioning” and
meaningful ways to utilize this in cardiac surgery is the subject
of ongoing research [27]. “Remote preconditioning” (utilizing
induced ischemia in muscle distant from myocardium) has
shown beneficial effects in experimental models.

Volatile anesthetic agents (desflurane and sevoflurane)
administered during cardiac surgery induce protective effects
on myocardium in a similar manner to ischemic precondi-
tioning [5]. However, this has a complex and inconsistent
effect, with uncertain clinical significance, where ongoing
research is required.

25. What analgesic regime should be utilized for this
patient? Should any agent in particular be avoided?

Although midline sternotomy is a significant nociceptive
stimulus, the analgesic regimes utilized are usually simple
and effective. Baseline acetaminophen and some form of
intermediate duration opiate is often all that is required. An
opiate infusion is commonly utilized whilst the patient
remains intubated in ICU, and then PRN opiate or PCA in
the first few days postoperatively. Adequate analgesia is
required to ensure patients can undertake chest physiother-
apy in addition to other routine postoperative activities.

NSAID in the form of aspirin is often continued post
operatively for its antiplatelet effect more than analgesia.
Other NSAIDs are generally avoided both for their addi-
tional (and potentially unwanted) antiplatelet effects and
other complications such as nephrotoxicity and effect on
gastric mucosa. Particularly the COX-2 specific agents were
found to have pro-thrombotic complications and subse-
quently removed from use in cardiac surgical patients [28].

26. Could an epidural be beneficial in this case?

Neuraxial analgesia (epidural) may seem attractive in
cardiac surgery due to the potential for excellent analgesia in
the area of incision, potentially beneficial sympatholysis of
the coronary vessels and other perceived benefits of epidu-
rals such as reduced respiratory complications. However, the
logistics and risk/benefit balance of placing a high thoracic
epidural in patients, many of whom are already on anti-
platelet or anticoagulant medication, for an operation where
they will be fully heparinized means it is not commonly
performed. Although very unlikely, and not even well
quantified, the potential for catastrophic cervical/high tho-
racic epidural hematoma prevents routine utilization
[29, 30].

It is feasible to perform OPCAB surgery with a
non-general anesthesia technique utilizing high epidural
(C7-T2 region) and even a concurrent femoral nerve block
for SVG harvesting. These techniques are even less com-
monly utilized than epidural in conjunction with on-pump
CABG [31].
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27. After uneventful induction of anesthesia, ST segment
elevation is noted after the sternum is opened. How
should this be managed?

This requires both further investigation of the likely eti-
ology and appropriate management.

Detection

Monitors include: ECG, echocardiography, and PAC.

• 5 lead ECG is usually utilized.
– It is important to observe the full leads of the monitor

at baseline, so that any changes may be noted.
• Echocardiography. Intraoperative TEE:

– Is a sensitive marker of myocardial ischemia.
Although not a continuous monitor of ischemia it can
be used to compare current with baseline appearance.

– TEE views which show the myocardium supplied by
all coronary arteries (such as the TG SAX view) may
be used as a rapid method to examine for myocardial
dysfunction.

• PAC:
– Particular waveforms and hemodynamic information

in the PAC tracing can be examined as markers for
myocardial ischemia.

• Direct visualization.
– With the sternum and pericardium opened, the func-

tion of the heart can be viewed and general qualitative
comments about its function made by experienced
clinicians.

• Management

Immediate management will be directed at improving the
balance of myocardial oxygen demand and delivery.
Reduction of tachycardia or elevated heart rate, reducing
excessive afterload and treatment of any arrhythmia should
be undertaken. Appropriate pharmacotherapy includes, but is
not limited to: analgesia, deepening anesthesia, beta block-
ade, antiarrhythmics (if arrhythmia is involved), and
nitroglycerin.

If refractory to this management, the anesthetist should
discuss with the surgeon and perfusionist other options,
including IABP or the commencement of CPB.

28. What is the role of an intra-aortic balloon pump
(IABP) for CABG?

An IABP is positioned in the descending aorta, distal the
left subclavian artery. It is usually inserted via the femoral
artery but can also be placed via the subclavian artery or the

aorta directly. It inflates during diastole and deflates just
prior to the onset of systole to increase coronary perfusion
(in diastole) and to reduce LV afterload and wall tension
(during systole) thus increasing myocardial oxygen supply
and decreasing demand.

Indications for use include cardiogenic shock, acute
myocardial ischemia or prophylaxis for very high grade
coronary disease (to reduce ischemic events during induction
and prior to revascularization) or prophylaxis for severe LV
dysfunction. The evidence for prophylaxis is controversial
with some studies showing a benefit, and some showing
harm.

There was no survival benefit of IABP in patients with
cardiogenic shock in the IABP-SHOCK II trial where 600
patients with cardiogenic shock from acute coronary syn-
drome were randomized to IABP or conventional therapy
[32].

29. After successful management and resolution of the
ST elevation, surgery is continued. How does the
anesthetist provide the surgeon with better access to
the Internal Mammary Artery?

The most common conduit for CABG is the LIMA.
Positive pressure ventilation can impede the surgeon’s
access and visualization especially in patients who are obese
or have a chest with a large anterior–posterior diameter. The
proximal portion of the LIMA is particularly difficult to see
during ventilation with normal tidal volumes. Visibility for
the surgeon during this portion of the operation may be
improved by lowering the tidal volume (and increasing
respiratory rate), as well as minimizing the amount of PEEP.

The LIMA traverses the left pleural cavity and usually
enters the pericardial cavity at the level of the main pul-
monary artery and is therefore at risk of being put under
tension by the left upper lobe. For this reason when the
collapsed lungs are being reinflated prior to the termination
of CPB the anesthesiologist must manually ventilate and
watch carefully (in conjunction with the surgeon) that the
LIMA is not caught on top of the left upper lobe. More than
one anesthesiologist has had the misfortune of tearing the
LIMA anastomosis off the LAD with injudicious ventilation
at this stage.

30. How is CABG surgery performed?

The general principle of CABG is to bypass the stenosis
by anastomosing a piece of vascular conduit (IMA, saphe-
nous vein, radial artery) with a new inflow distal to the
stenosis. The key philosophical difference between CABG
and PCI is that for CABG, progression of the native disease
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proximal to the graft will not result in an MI whilst for PCI,
only the discrete portion of stenotic lesion is treated.

The new inflow is usually from the ascending aorta for
saphenous veins or radial arteries, whilst the IMA has its
own separate supply from the subclavian artery. Other
combinations include connecting a radial artery to the side of
an IMA to create a ‘T’ or ‘Y’ graft which has the benefit of
reducing the aortic manipulation and thus reducing the risk
of stroke.

The distal anastomoses are usually performed first fol-
lowed by the proximals to the ascending aorta. For on-pump
surgery the proximals can be performed when the heart is
arrested or when the heart is beating with the use of a partial
clamp on the ascending aorta (although this may incur a
higher stroke risk).

Graft patency can be assessed by injecting the graft with a
handheld syringe and feeling the resistance (before the
proximals are complete, and not applicable to the in situ
IMA); by placing a doppler flow probe around the graft; and
by watching the run-off into the distal part of the vessel
when releasing a clamp on the graft.

31. What is epiaortic scanning and what may be its role
in CABG surgery?

Neurological injury in the perioperative period may be
related to cannulation and cross-clamping of the ascending
aorta with the associated embolization of debris from the
injured intima [33]. Mills and Everson classified 3 aortic
pathologies:

1. Medial calcification (circumferential), or the ‘porcelain
aorta’ which is easiest to recognize;

2. Diffuse intimal thickening where palpation can be nor-
mal; and

3. Liquid intramural debris.

One method to mitigate this risk is to plan the cannulation
strategy based on palpation and epiaortic ultrasound (US), an
approach supported by a Class IIa AHA recommendation for
routine use in CABG [34]. A technique is to place a
high-frequency probe in a sterile cover and fill the peri-
cardium with warm saline. Echocardiography is used to
assess the sites of planned aortic cannulation and cross
clamp sites for atheroma.

Short axis views of the ascending aorta should be
obtained at 3 levels:

• Proximal to the right PA
• At the level of the right PA, and
• Distal to the right PA.

The aorta must be assessed for the following:

i. Atheroma thickness
ii. Location of atheroma (level, anterior/posterior) and
iii. Presence of any mobile components.

Many scoring systems exist for the degree of atheroma,
including those of Katz or Royse.

Epiaortic scanning can be used to determine the optimal
sites for cannulation and cross clamp of the aorta. However,
if the ascending aorta is deemed unsafe for cannulation or
clamping, an alternative site can be used for cannulation
(axillary artery/femoral artery) and a non-cross clamp tech-
nique can be used.

32. What factors influence the target blood pressure
whilst on CPB?

During cardiopulmonary bypass with non-pulsatile flow
the mean perfusion pressure (MAP—CVP) should be at least
50 mm Hg. In fact it is the only “blood pressure”; there is no
systolic or diastolic pressure. Lower pressures can be toler-
ated during periods of hypothermia and higher pressures
may be required in patients with cerebrovascular disease or
renal disease, although this is largely empiric.

33. What is conduit spasm? How is it identified and
treated?

Conduit spasm refers to the vasoconstriction of an arterial
graft (IMA or radial artery) although the radial artery is
much more susceptible due to its thicker and more muscular
media. Spasm can be due to trauma, systemic vasocon-
strictors, or competitive flow from the native coronary.
When it occurs it is manifest as a falling cardiac output,
increasing vasoconstrictor requirements, new RWMA, and
ischemic ECG changes.

It should be suspected if there is a new RWMA or ECG
changes in a territory supplied by an arterial conduit (espe-
cially if there is a low grade native stenosis in the vessel
being bypassed—more likely to result in competition).
Treatment includes raising the MAP >80 mm Hg, adding a
vasodilator (nitrate or calcium channel blocker) and ulti-
mately coronary catheterization for diagnosis as well as
therapy with an intra-arterial vasodilator.

34. How do you manage a new regional wall motion
abnormality following CABG whilst in the OR?

• Assess and stabilize the hemodynamics—are the ino-
tropic requirements increasing?
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• Which coronary graft distribution is associated with this
RWMA?

• A flow probe can be placed around the conduit to assess
for flow rate and characteristics.

• If the patient is unstable, the safest thing to do is to
initiate CPB and redo the graft.

• If the patient is in a hybrid room and is stable, a diag-
nostic angiogram will identify the culprit.

• There are some circumstances where acute PCI can sal-
vage the myocardium with a lower risk than going back
on bypass and prolonging the operation.

35. What is the role for temporary pacing following
CABG?

For a routine CABG, temporary pacing wires are not as
important as for aortic/mitral/tricuspid valve surgery where
the AV node is inherently at risk. However, there is still a
chance for AV nodal dysfunction any time the heart is
arrested.

Atrial and ventricular pacing wires should be considered
particularly for:

• Poor LV function whether systolic or diastolic
(LVH) dysfunction to increase the rate with AV
synchrony

• Nodal or junctional arrhythmias
• AV block
• Relative bradycardia

Ventricular pacing alone should not be used for AV nodal
block or bradycardia unless the patient is in chronic AF.

Appendix: Conduct of a Standard On-Pump
CABG

• Obtain large IV access and arterial pressure monitoring
• Attach standard and any additional monitors
• Perform appropriate safety checklists and check-in

procedures
• Central venous access (can be obtained prior to or after

induction as appropriate)
• Induction of anesthesia
• Commencement of surgery
• Initial TEE examination if being utilized
• Sternotomy
• Conduit harvest—LIMA, saphenous vein, radial artery
• Heparinization and confirmation of adequate ACT

• SBP <100 mm Hg for aortic cannulation
• Cannulation of the right atrium and aorta
• Initiate CPB
• Once full CPB flows are confirmed, cease ventilation,

infusions, alarms, and empty urine
• Ensure volatile is being delivered in CPB pump
• Systemic cooling (30–35 °C—institution specific)
• Cross clamp of aorta and delivery of cardioplegia to

obtain diastolic cardiac arrest
• Perform distal and proximal coronary grafts
• Intermittent antegrade ± retrograde cardioplegia every

20 min
• Commence rewarming via heart-lung machine when the

last graft is started
• Give “rewarming” anesthetic agents as appropriate
• Cross clamp removed after performing all grafts,

checking that there is no bleeding from the anastomoses
• Reperfusion of myocardium and internal cardioversion if

the patient is in VT/VF
• Place atrial and ventricular pacing wires––test capture

and thresholds
• Reinflate the lungs (recruitment) taking care for the

LIMA
• Recommence mechanical ventilation and monitor alarms
• Can start to wean from CPB once the following

confirmed:
– Adequate oxygenation, warm, a perfusing cardiac

rhythm, not bleeding/coagulopathic, adequate hema-
tocrit, appropriate potassium and acid–base balance.

• TEE can be used to assist the process of weaning CPB,
confirming adequate revascularization, examining func-
tion of the heart, and excluding any potential
complications

• Remove venous drainage cannula
• Turn off all pump-suckers and vents (to prevent pro-

tamine getting into the pump)
• Can transfuse blood volume from the pump via the aortic

cannula
• Give “test dose” protamine 10 mg (then wait 3 min)
• Removeaortic cannula (again requires aSBP<100 mm Hg)
• Continue protamine and confirm heparin completely

reversed (ACT, heparinase ACT, heparin level—institute
specific)

• Give remaining pump volume (either via large IV/CVC
or into the right atrium)

• Check blood gas off pump
• Correct coagulopathy and anemia as required
• Place chest tubes—usually left pleural (LIMA harvest),

pericardial, retrosternal
• Sternal closure
• Transfer to ICU.
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14One-Lung Ventilation

Thomas Hickey

CASE: One-Lung Ventilation
73-year-old man presents for left lower lobectomy. He is
status post-recent bronchoscopy, endobronchial ultrasound
and cervical mediastinoscopy. Pathology indicated non-
small cell carcinoma, likely squamous cell carcinoma.
Staging is IIB (T2bN1).

Past Medical
History:

Hypertension, COPD, obesity, smoker

Medications: Lovastatin 40 mg oral daily

Amlodipine 10 mg daily

Valsartan 320 mg daily

Atenolol 25 mg daily

Allergies: Iodinated contrast dye—anaphylaxis

Physical Exam:

VS: BP 144/96 HR 77 RR 11 SaO2 98%
(room air) Ht 70″ Wt 300 lb (136 kg)

General: Obese, comfortable

Airway: MP3, thick neck, large tongue, full neck extension
and mouth opening, four finger thyromental
distance

Chest: Symmetric air entry bilaterally without crackles or
wheezes

Data: PFT: PreFEV1 47%, PreFVC 71%, DLCO 50%

Exercise
treadmill
myocardial
perfusion
imaging study:

Exercised for 7:00, MPHR 90%, RPP: 21,900,
terminated due to dyspnea, 9 METS,
non-ischemic, post stress LVEF 60%.

Chest CT: 5 × 4 cm mass obstructing the left lower lobe
bronchus. Multiple 1 cm left hilar lymph nodes.
Moderate to severe bilateral upper lobe
predominant emphysema.

1. What is the functional anatomy of the lungs?

The trachea forms from the lower larynx at approximately
C6, is approximately 15 cm (20–25 cm from teeth to carina)
in an adult male, consists of 16 to 20 cartilaginous rings, lies
directly anterior to the esophagus, and bifurcates at T4. The
right mainstem bronchus is shorter compared with the left
(i.e., 2.5 vs. 5 cm) and descends more vertically, thus the
tendency for right mainstem intubations. The right lung
consists of upper, middle, and lower lobes, with three, two,
and five segments, respectively. The left lung consists of
upper and lower lobe, each with five segments. Each
pyramidal-shaped segment receives a single branch of the
pulmonary artery, which follow along the bronchi and
bronchioles to perfuse the alveoli. Smaller bronchial arteries
supply the conducting airway, pleura, and nodes. For the
purposes of predicting postoperative predicted FEV1 (ppo-
FEV1), a total of 42 lung subsegments are considered (RUL:
6, RML: 4, RLL: 12, LUL: 10, LLL: 10) (see Fig. 14.1).

2. What are the concerns in preoperative risk assess-
ment for lung resection?

The “three legged stool” consists of (1) respiratory
mechanics, (2) cardiopulmonary reserve, and (3) parenchy-
mal function.

The main measure of respiratory mechanics is the FEV1.
A ppoFEV1 can be estimated by multiplying the preoperative
FEV1 (preFEV1) by the fraction of lung remaining at the con-
clusion of surgery. Respiratory complications are increased
when ppoFEV1 < 40%, and <30% predicts high risk. In this
patient, 10 of 42 subsegments will be resected, therefore

ppoFEV1 ¼ 47%� ð32=42Þ ¼ 35%

Cardiopulmonary reserve is formally described by max-
imum oxygen consumption and approximated by stair
climbing (at patient’s own pace but without stopping) and 6
min walk. VO2max > 20 cc/kg/min predicts low risk and is
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approximated by ≥5 flights of stairs whereas the commonly
used two flights of stairs correspond to a VO2max of
12 cc/kg/min. A ppoVO2max < 10 cc/kg/min predicts very
high risk and is approximated by inability to climb 1 flight of
stairs; this may be an absolute contradiction to lung resec-
tion. 1 MET corresponds to a VO2 of 3.5 cc/kg/min. In this
patient:

9METS� 3:5 ¼ 31:5 cc/kg/min; thus ppoVO2max
¼ 31:5� ð32=42Þ ¼ 24 cc/kg/min

Gas exchange is estimated by DLCO, PaO2, and PaCO2.
ppoDLCO < 40% predicts increased respiratory and cardiac
complications, and <20% is typically considered unaccept-
ably high risk. PaO2 < 60 mmHg and PaCO2 > 45 mmHg
are also indicators of increased risk. In this patient:

ppDLCO ¼ 51%� ð32=42Þ ¼ 39%

3. What are the additional anesthetic considerations for
lung cancer patients (the “four Ms”)?

Mass effects—are there compression of heart, airway, vein,
artery, or nerve?
Metabolic—is there electrolyte abnormalities (hyponatremia,
hypercalcemia), or paraneoplastic syndrome such as Lam-
bert–Eaton?
Metastases—for example, are there brain or bone lesions that
might change management?

Medications—have there been chemotherapy exposures, as
to bleomycin or doxorubicin, which may change manage-
ment or prompt further workup? [1]

4. Will you advise this patient to quit smoking?

The answer should always be yes. The longer the ces-
sation the greater the benefit, with perhaps 8 weeks being a
worthwhile goal. However, even a 12 h cessation will
decrease carboxyhemoglobin concentrations. And preoper-
ative cessation predicts postoperative cessation, which has
important implications for wound healing and infection.

5. What are the indications for lung isolation? Does this
case require lung isolation and OLV?

Indications for lung isolation may be absolute or relative.
Absolute indications include for the prevention of spillage of
pus, blood or large volume lavage fluid from the contralat-
eral lung; bronchopleural fistula (in which the low resistance
pathway can rapidly create pneumothorax during positive
pressure ventilation); large unilateral bullae prone to rupture;
and during video assisted thoracoscopic surgery (VATS)
procedures. Relative indications include pneumonectomy,
lobectomy (especially upper), thoracic aortic aneurysm
repair, and esophageal surgery. While a relative indication,
lung isolation during lobectomy will provide more ideal
surgical conditions.

6. How is lung isolation achieved? What are the
advantages and disadvantages of the main methods of
lung isolation?

The commonest means of lung isolation include
double-lumen tubes (DLT) and bronchial blockers. DLTs are
easy to insert and permit bronchoscopic evaluation and
suctioning of both lungs, CPAP application to the
non-ventilated lung, and easy conversion between one and
two-lung ventilation. Size limitation often precludes use in
pediatrics under age 12, narrower lumens increase airway
resistance and make suctioning more difficult, DLTs can be
malpositioned, may cause trauma to the larynx and airway,
and can be unwieldy in a difficult intubation. Left-sided
tubes are typically selected due to the larger margin of safety
given the longer left mainstem bronchus. Right-sided tubes
may be selected for distorted left mainstem anatomy (by
tumor, stent, stenosis) or surgery involving the left mainstem
(left pneumonectomy and left lung transplantation).

Bronchial blockers of various types are useful in critically
ill intubated patients, in the difficult airway (obviating the
need for multiple airway exchanges), for selective lobar
blockade, and may be used via nasotracheal or tracheostomy

Fig. 14.1 The number of subsegments of each lobe are used to
calculate the predicted postoperative (ppo) pulmonary function. There
are 6, 4, and 12 subsegments in the right upper, middle, and lower
lobes. There are 10 subsegments in both the left upper and the lower
lobes, for a total of 42 subsegments. Following removal of a
functioning right lower lobe, a patient would be expected to lose
12/42 (29%) of their respiratory reserve. If the patient has a
preoperative FEV1 (or DLCO) 70% of predicted, the patient would
be expected to have a ppoFEV1 = 70% (1–29/100) = 50%. Repro-
duced from Slinger and Darling [2]
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tubes. Blockers are technically difficult to place in ETT
<7 mm, dislodge more easily, limit suctioning, can be dif-
ficult to reposition, and there may be marginally slower lung
collapse compared with DLTs.

7. What is dead space? What is normal, upright venti-
lation and perfusion?

Physiologic dead space includes both the anatomic dead
space (that portion of inspired gas that never reaches the
respiratory zone) and alveolar dead space consists of alveoli
that are ventilated but not perfused (V/Q approaching
infinity).

“V” is the gas that reaches the respiratory zone. “Q” is the
blood that reaches the respiratory zone.

A V/Q ratio of one is the ideal, but in reality V and Q are
heterogeneous especially in disease. In a healthy upright
human, V/Q ratio is highest at the apex (approximately 3.5)
and lowest at the base (approximately 0.6).

Blood flow is directly influenced by gravity, and thus
increases from apex to bases. Ventilation similarly increases
from apex to base. However, they do not increase uniformly:
The classic teaching of West divides the lungs into three
zones.

In the upper third; PA [ Pa [ Pv
In themiddle third; Pa [ PA [ Pv
In the lower third; Pa [ Pv [ PA

8. What is the most likely cause of hypoxemia in this
patient?

Malposition of the DLT, hypoventilation, low FiO2, dif-
fusion impairment, and shunt (V/Q = zero) are among the
core causes of hypoxemia. V/Q mismatch is the commonest
cause in pulmonary disease, where the heterogeneity of V/Q
ratios becomes pronounced.

9. How does V/Q matching change in the lateral decu-
bitus position (LDP)?

In the awake, spontaneous breathing patient in LDP, V/Q
matching is maintained as perfusion increases by

approximately 10% to the dependent lung due to gravity and
ventilation increases due to greater excursion of the depen-
dent hemidiaphragm. Under anesthesia, overall changes in
compliance lead to V/Q mismatching, compounded by bol-
sters and paralysis. Once the chest is open in an anesthetized,
paralyzed patient the V/Q mismatching will likely worsen
further as negative pleural pressure is interrupted and ten-
dency of the operative lung to collapse under its own elastic
recoil will increase. Isolation of the operative lung leads to a
large right-to-left intrapulmonary shunt, widening the A-a
gradient and resulting in hypoxemia. In patients with sig-
nificant lung disease, shunt due to atelectasis and V/Q
mismatch due to underlying disease worsen gas exchange.
Fractional blood flow changes on OLV dramatically increase
the shunt fraction (see Table 14.1).

10. What is hypoxic pulmonary vasoconstriction?

Low alveolar oxygen tension leads to regional arteriolar
vasoconstriction, profoundly reducing local blood flow and
thereby matching perfusion to better ventilated lung. HPV
reaches max effect in 15 min and reduces shunt fraction by
50% to approximately 20%. The effectiveness of HPV is
reduced by elevated pulmonary pressures, alkalosis (acidosis
actually improves it), and vasodilators.

11. What is COPD and why is it concerning?

Chronic obstructive pulmonary disease combines to
varying degrees emphysema, chronic bronchitis, and small
airways disease. PFTs show expiratory airflow obstruction
with severity based largely on reduced FEV1/FVC ratios
(<70% indicates obstruction) and on the FEV1. There are
various grading systems, but generally FEV1 < 35% is
severe and >50% moderate

In COPD, the smoking history places them at increased
risk for comorbidities such as cardiovascular disease, other
malignancy, respiratory infection, renal disease, diabetes,
peptic ulcer disease, and postoperative wound and pul-
monary complications. They have baseline high PaCO2

which can increase greatly intra- and postoperatively as the
high FiO2 they may require to properly oxygenate can
interfere with their delicate balance of HPV (worsening V/Q
matching) and also decrease hemoglobin’s CO2 affinity

Table 14.1 Approximate
changes in regional blood flow,
shunt fraction and PaO2 resulting
from positioning alone and from
both positioning and lung
isolation, assuming FiO2 of 1.0

Two-lung ventilation in lateral
decubitus position

OLV in lateral decubitus
position

Fractional blood flow,
nondependent lung

40% 23%

Fractional blood flow,
dependent lung

60% 77%

Shunt fraction 10% 27%

PaO2 (mmHg) 400 150
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(Haldane effect), resulting in increased PaCO2. They are also
simply more difficult to ventilate due to their airflow limi-
tations; increased ventilatory pressures (and PEEP in
response to hypoxemia) may lead to auto-PEEP and hemo-
dynamic collapse. They are at risk of pulmonary hyperten-
sion and RV dysfunction and may not tolerate acute
increases in pulmonary arterial pressures that are likely to
occur with hypercapnea, hypoxemia, hypothermia, pain, and
acidemia. Those with bullae are at risk of pneumothorax and
bronchopleural fistula under positive pressure ventilation.

12. What monitors and extra setup will you require for
this patient?

In addition to the standard ASA monitors (temperature,
EKG, pulse oximeter, capnography, and noninvasive blood
pressure), an arterial line (hemodynamics and blood gas
monitoring) and two large peripheral IVs are recommended
given the possibility of severe impairments in gas exchange,
hemorrhage, and acute hypotension. A central venous line
should not be required in this patient absent poor IV access.

Due to the potential for heat loss (open thorax and fluid
resuscitation), measures should be taken to prevent
hypothermia with fluid and body warming devices. Blood
and products should be readily available, and a fiberoptic
bronchoscope compatible with the chosen lung isolation
technique should be in the room.

13. Will you place an epidural?

Excellent postoperative analgesia is essential in thoracic
surgery; an important contributor to reduced pulmonary
complications. Thoracic epidural analgesia (TEA) is con-
sidered the gold standard for post-thoracotomy pain control,
although paravertebral blocks are becoming more widespread
given the advantages of less hypotension and decreased risk
of epidural hematoma. Employment of these techniques
requires a committee decision involving the patient, anes-
thesiologist, and surgeon. In open procedures, a continuous
regional technique should be employed. In addition, a mul-
timodal analgesia strategy including opioids, NSAIDs,
NMDA antagonists, and acetaminophen is advised.

14. Shortly after placement of the DLT there is an acute
rise in airway pressure. What will you do?

The differential diagnoses for an acute rise in airway
pressure soon after placement of the DLT include any kink
or obstruction in the anesthesia circuit, tube and/or connec-
tors, patient factors (bronchospasm, inadequate depth of

anesthesia or paralysis, pneumothorax, and dynamic hyper-
inflation), or DLT malposition. The immediate steps are to
take a quick scan of the monitors for the patient’s hemo-
dynamics, oxygen saturation, and capnograph, and com-
municate concerns to the surgical team. If there is severe
hypotension, dynamic hyperinflation is likely, and treatment
is to disconnect the circuit and volume load the patient. The
next step would be placing the patient on 100% oxygen and
assessing the capnograph pattern for a cause. Meanwhile if
hemodynamics or oxygen saturation worsen, skilled assis-
tance should be sought. Any kinks or obvious obstructions
in the circuit should be quickly excluded, and the anesthetic
depth or neuromuscular block deepened if this was deter-
mined to be the cause. Deflating the bronchial cuff may
improve airway pressures (bronchial cuff of a left DLT
herniating and obstructing the right main bronchus), but the
definitive diagnosis of DLT malposition may only be made
via fiberoptic bronchoscopy. Bronchoscopy and suctioning
can also help with mucus plugs in the airway. Auscultation
of the chest for bilateral breath sounds and wheeze will help
to exclude bronchospasm and pneumothorax.

15. Airway pressures normalize after administering
bronchodilators and deepening the anesthetic. After
turning lateral and initiation of one-lung ventilation,
the patient soon after becomes progressively more
hypoxemic. What will you do?

Ensure delivery of 100% oxygen and scan monitors
looking for other hemodynamic or respiratory derangements.
After ensuring adequate ventilation of the dependent lung,
look for changes in compliance or capnography suggestive
of mucus plug, bronchospasm, or pneumothorax. The sur-
geons should be made aware of the problems with oxy-
genation. Meanwhile, call for skilled assistance if the
saturation worsens or does not improve. If the saturation
drops precipitously or if the patient is hemodynamically
unstable, the surgeons should be informed of the need to
return to two-lung ventilation as soon as feasible. Fiberoptic
bronchoscopy will assess for DLT malposition and secre-
tions, and auscultation of the lungs to assess for wheezing
and to exclude pneumothorax. To optimize ventilation of the
dependent lung, I would adjust PEEP and attempt recruit-
ment maneuvers. If the saturation does not improve, I would
discuss the application of CPAP to the nondependent lung or
intermittent 2-lung ventilation with the surgeons, in order to
proceed with surgery. Other strategies which may be con-
sidered include clamping of the pulmonary artery (in pneu-
monectomy) or inhaled nitric oxide (if there is co-existing
pulmonary hypertension).
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16. What is your plan for fluid management?

Generally a fluid sparing approach should be utilized
based on the premise that “dry lungs are happy lungs.”
Although fluids do not cause acute lung injury, any exces-
sive fluids exacerbate the problem when it occurs. Thus,
crystalloid may be minimized with a goal to limit to less than
3L during the first 24 h, inotropes should be used to promote
perfusion intra- and postoperatively, and urine output < the
traditional 0.5 cc/kg/h tolerated.

17. What is your choice of anesthetic?

The choice of anesthetic drugs is governed by adequate
anesthetic depth, protection against bronchospasm and the
pursuit of earliest possible extubation. Modern volatiles at
doses less than 1 MAC cause only a modest inhibition of
HPV and are also bronchodilators (especially sevoflurane).
There is probably no “right” anesthetic, but the trend has
been to minimize or eliminate the use of volatile inhalational
agents and long/intermediate acting narcotics. Total intra-
venous anesthesia is frequently employed for severe bullous
disease.

18. Will you extubate this patient in the OR?

This patient has ppoFEV1 = 35%, ppoVO2max =
24 cc/kg/min, and ppDLCO = 39%. The decision for
immediate extubation in the OR or delayed in the
PACU/ICU depends on the operative course and the
patient’s hemodynamics and respiratory performance.

In addition to the standard extubation criteria, ppoFEV1 is
often used to guide extubation after pulmonary resection. If
standard extubation criteria are met, a patient with ppo-
FEV1 > 40% should be extubated in OR. A ppoFEV1 of
30–40% may be extubated in the OR if other postoperative
predictive data are reassuring, and if ppoFEV1 < 30%
weaning ventilatory support in the ICU should be
considered.

19. What are your postoperative concerns?

Respiratory complications are the most significant cause
of perioperative morbidity and mortality following lung
resection. The incidence of respiratory failure after lung
resection is between 2 and 18%. Risk is predicted by pre-
operative respiratory function, extent of resection, age, and
quality of postoperative analgesia. Immediate or early
extubation, complete analgesia (TEA and multimodal strat-
egy), aggressive and early mobilization, maintenance of lung
expansion (incentive spirometry, chest physiotherapy), and
continued aggressive medical management of bronchospasm
are key components in preventing respiratory complications.
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15Anesthesia Management for Posterior Fossa
Craniotomy

Mihaela Podovei and Lisa Crossley

A 52-year-old female has a 5-week history of dizzyness,
unstable gait, and frequent falls. She is admitted with
headache, nausea, vomiting, facial nerve weakness, and
palate deviation.

Past Medical
History:

Breast cancer 10 years ago without known
recurrence hypertension

Allergies: None

Medications: Linsinopril

Vital Signs: BP 130/70, P 67 with occasional irregular beat,
R 25, T 36.9

Studies:

Cranial MRI a 2.5 by 1.5 cm enhancing right cerebellar
pontine angle tumor with compression of the 4th
ventricle and hydrocephalus

Patient is admitted to the Neurosurgical ICU in prepara-
tion for a posterior fossa craniotomy for tumor resection.

1. What is the anatomy of the posterior fossa?

Posterior fossa is a small rigid space at the base of the
skull that contains the brain stem, cranial nerves, cerebellum,
and the 4th ventricle. All cranial nerves originate in the
posterior fossa and all basic physiologic activities (e.g., heart
rate, respirations, temperature, emetic) are regulated here.
CSF circulates from the choroid plexus through the 4th
ventricle into the spinal cord. Posterior fossa craniotomy can
be challenging for both the neurosurgeon and the anesthe-
siologist. The surgeon needs good exposure to a small area,

approximately 185 cm3, dense in vital structures that are also
in close proximity to noncompressible venous sinuses
increasing the risk of blood loss. Tumor or vascular surgery
can disrupt the physiologic functions of the posterior fossa.

2. What are the risks of Posterior fossa procedures?

The anesthesiologist is responsible for managing usual
physiologic functions (e.g., optimal BP, ventilation, cerebral
blood flow, level of anesthesia) and responding to physio-
logic changes that occur due to surgery in the posterior fossa
(e.g., venous air embolism, paradoxical arterial air embolism
(AAR), arrhythmias from cardiovascular center or cranial
nerve stimulation). Additional serious neurologic complica-
tions can arise from the intersection of positioning and
preexisting disease like cervical cord stretch leading to
quadriplegia, optical nerve compression causing blindness,
brachial, or lumbosacral nerve stretch causing permanent
palsy. While not an acute complication, recognizing, usually
through specialized monitoring, injury to cranial nerves IX
to XII is important to safe recovery from the surgical
experience. Vigilance and anticipation is critical in the pre-
vention of unsafe situations and complications.

3. What preoperative evaluation is necessary prior to
surgery?

Standard anesthesia evaluation should always be per-
formed. Special attention should be placed on signs and
symptoms associated with posterior fossa tumors like hear-
ing loss, difficulty swallowing, or other cranial nerve pre-
existing injury.

4. Does cardiovascular disease have increased impor-
tance in the anesthetic management?

Chronic hypertension with or without treatment, vascular
disease, especially carotid vascular disease, may increase the
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risk of hypotension if the surgeon chooses the sitting posi-
tion. Presence of carotid or vertebral vascular disease
increases concerns about the ability to tolerate extreme head
rotation or flexion. Some centers no longer use sitting
position due to the increased anesthetic management com-
plexities and patient hypoperfusion risks. Patients with
coronary disease may not tolerate the sitting position. Dys-
rhythmias, tachycardia, bradycardia, conduction abnormali-
ties from brain stem traction occur regardless of position,
and in individuals with preexisting arrhythmia the difficulty
managing them may be increased.

5. How would preoperative neurologic deficits alter your
anesthetic management?

Posterior fossa tumors can present clinically with evi-
dence of cranial nerve or brain stem deficits (e.g., respiratory
irregularities, chronic aspiration, altered consciousness,
dysphagia). Knowledge about the presence of respiratory
and upper airway dysfunction based on the involvement of
cranial nerves IX and X, XI, XII is important when deciding
anesthetic management.

6. How would you assess and manage volume status
prior to surgery?

The patient scheduled for posterior fossa surgery could be
hypovolemic from hypertonic treatment to decrease brain
edema or ICP, or from use of diuretics. Hypovolemia could
be poorly tolerated in sitting position. Vascular volume may
need to be replenished with isotonic crystalloids. The use of
albumin remains controversial but it is often administered.
The controversy involves its use in traumatic brain injury
where it is associated with higher mortality. The literature is
silent in its use in other areas. In general, support of BP may
require pressors and volume administration may be deter-
mined by acid base status.

7. What are the concerns regarding central access?

Central venous access is not routinely necessary except in
patients who have limited or very difficult vascular access or
the need for a right atrial catheter. Central venous catheter
via the internal jugular or subclavian veins are not without
risks. Internal jugular vein catheters can partially obstruct
venous outflow especially with some head positions or
patient attributes (e.g., short thick neck, obesity). Use of
ultrasound devices has reduced placement risk. The basilic
vein is primarily used for placement of the right atrial
catheter. Need for right atrial catheters have decreased with
the decreased use of the seated position. When considering

an approach or need for a central line, the ability of the
patient to tolerate Trendelenburg/head turned position
should be considered. Trendelenburg position increases the
venous return, and may not be well tolerated by a patient
with increased ICP.

8. What special monitoring should be considered?

Major damage can occur to CN III-XII; neurophysiologic
monitoring should be dictated by the location of the tumor.
Monitoring often includes brainstem auditory evoked
potentials (BAEP), somatosensory evoked potentials (SEP),
electromyography (EMG) in the soft palate, tongue, vocal
cords, and rarely ocular muscles.

Hemodynamic monitoring should include arterial blood
pressure. If VAE or Arterial Air Embolism (AAE) is prob-
able, precordial doppler needs to be added to end-tidal CO2

measurement to detect right atrial air.

9. Why is positioning a critical decision?

Posterior fossa surgery can be done in a variety of posi-
tions, including supine with the head turned, lateral, prone,
or sitting. Every position has advantages and disadvantages
in regards to surgical exposure, risk of bleeding, risk of
postoperative neurologic deficits, cardiovascular stability,
and maintenance of cerebral perfusion pressure, risk of air
embolism, and access to the patient. The decision regarding
the position should involve the entire team and be individ-
ualized to the particular patient.

Independent of the position chosen, the entire team needs
to be mindful of pressure points and the risk of post-op
neurologic deficits (cervical cord, brachial or lumbosacral
plexus injury), risk of tracheal tube dislodgment during the
turns and flexion of the neck, risk of tourniquet effects from
poorly applied compression stockings.

10. What are the management considerations for the
sitting position:

The advantages of the sitting position include

• good surgical exposure
• decreased risk of bleeding
• better access to the face, tube, and extremities
• better ventilation parameters

Surgical preference and experience with a specific tumor
likely determines the best position. A 1988 study suggested
better outcomes in the sitting position but more recent
studies show no outcome benefit in terms of neurologic

98 M. Podovei and L. Crossley



complications when surgery is performed in sitting position
over lateral or prone positions [1, 2].

The disadvantages of the sitting position include

• difficulty maintaining the hemodynamic stability espe-
cially in patients that are hypovolemic, have hyperten-
sion, cardiac, or peripheral vascular disease

• highest risk of air embolism
• risk of central line placement
• pneumocephalus occurs in all patient but is without

clinical consequence.

11. What are the contraindications of surgery in the
sitting position?

The contraindications to considering the sitting position
includes:

• intracardiac shunts
• pulmonary AVMs
• severe hypovolemia or cachexia
• severe hydrocephalus
• highly vascular lesions, tumors, or arteriovenous

malformations

12. How do you minimize the special positioning
hazards?

If the case is going to be done in any position, the
anesthesiologist needs to have a few considerations in mind.
Assuring appropriate cerebral perfusion pressure is essential.
To better monitor the brain perfusion, the arterial blood
pressure transducer should be zeroed at the level of the base
of the skull. Venous stasis and neurosurgical procedures
predispose to deep vein thrombosis. Compression stockings
should be used to decrease the venous pooling in the lower
extremity. Hip flexion can cause lumbosacral plexus
damage.

Special attention needs to be given to the position of the
head. At least one inch (2 finger breaths) needs to be
maintained between the chin and the chest, in order to avoid
cervical cord stretching and obstruction of the venous drai-
nage from face and tongue. Possible rare but serious com-
plications include cervical cord damage and quadriplegia.
Venous thrombosis of the tongue can preclude extubation
and add to the risk of permanent damage to tongue function.

Pneumocephalus is postulated to have 100% incidence in
sitting position but occurs to some degree in all positions.
Most accumulations of air in the cranium are asymptomatic.
Tension pneumocephalus, causing a mass effect over the

underlying brain parenchyma, can be responsible for new or
worsening neurologic deficits and may need to be addressed.
Sometimes either aspiration of the pocket of gas or
reopening of the dura is necessary to control the symptoms.
Careful choice of anesthetic can help minimize risk.

13. What are the management considerations for the
prone or lateral position?

The advantages of the prone or lateral position include

• lower (but not absent) incidence of VAE
• lower frequency of cerebral ischemia and cervical cord

ischemia due to hypoperfusion
• less venous obstruction from head positioning

The disadvantages of the prone or lateral position include

• risk of ophthalmic complications such as, ischemic optic
neuropathy and conjuctival edema

• increased blood loss due to increased venous pressure
when prone

• pressure point injury to shoulders, hips, knees from a
prolonged procedure.

14. What is the best approach to induction?

The use of premedication and selection of induction
agents must take into consideration patient comorbidities
and standard neurosurgical concerns related to increased ICP
and tolerance of potential hypercarbia or hypoxia. Conse-
quently, there are no specific drugs that are recommended
based on the evidence. Principles of maintaining BP,
reducing ICP, and providing good airway management are
paramount. A chiari malformation or tumor involving the
foramen magnum and cervical cord can produce neurologic
symptoms. Prior to induction neck positioning should be
checked to determine if the position aggravates neurologic
symptoms, arrhythmias, respiratory, issues or causes blood
pressure perturbations. These risks are present throughout
the procedure. Determining benign head/neck position will
be helpful both for the induction but also during positioning
for the procedure. Substantial head rotation and flexion is not
an unusual surgical request to improve access.

15. What is the best approach to maintenance?

Things to consider before choosing a maintenance tech-
nique include: need for neuromonitoring (sensory or motor
evoked potentials), presence of intracranial hypertension,
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need for immediate neurologic exam post extubation. Total
intravenous anesthesia with propofol and an opioid the
advantage of providing the best conditions for neuromoni-
toring. Other anesthetic techniques can be adapted to give
good operative conditions. There are also advocates for
dexmedetomidine and volatile anesthetics. EMG monitoring
of motor cranial nerves, tongue pharynx, obicularis
oris/oculi, masseter and rarely ocular muscles requires no
nondepolarizing muscle relaxant be continuously adminis-
tered. There is no clear “best” evidence-based maintenance
anesthetic.

Use of N2O in posterior fossa surgery remains contro-
versial N2O has the ability to expand air bubbles. Many
clinicians do not use N2O in posterior fossa procedures
particularly in the sitting position, where isolated air bubbles
are much more likely to occur. There are no advantages and
significant risks to the use of N2O. N2O use is a decision
made by clinicians to serve the best interests of their patient.

Positive pressure mechanical ventilation is the standard of
care. It allows for manipulation of PaCO2 to change
intracranial vascular volume. The vasomotor center in the
medulla is in close proximity to the respiratory centers and
cardiovascular signs can serve as an indicator of impending
injury to both areas. Cardiovascular responses to brain stem
or cranial nerve, particularly CN V, manipulation can
include bradycardia, tachycardia, arrhythmias, hypo, and
hypertension. Pharmacologic treatment to attenuate the car-
diovascular response (long acting anti-arrhythmics,
beta-blockers) can mask important warning signs and should
be used with caution.

16. What is the best approach to extubation?

For all neurosurgical cases the ideal scenario is avoidance
of hemodynamic changes particularly hypertension, cough-
ing, and breath holding. It is also desirable to be able to
perform a neurologic examination immediately after extu-
bation in the OR. Factors like duration of the case, blood
loss, face and tongue edema, hemodynamic stability, pul-
monary, or cardiovascular pathology may require the patient
to remain intubated until they are stable and symptoms have
resolved. Criteria for extubation are the same as for all
patients but the risk of inadequate respiratory and cardiac
function and airway protection is greater in posterior fossa
procedures. If injury to cranial nerve nuclei (particularly IX,
X and XII), or postoperative swelling in the floor of the 4th
ventricle is suspected, extubation may need to be postponed.
There can be loss of control and patency of upper airway or
impairment of the respiratory drive. Additional risks can be a
result of positioning, such as a swollen tongue or airway.

17. Discuss venous air embolism (VAE)

The incidence of venous air embolism varies with the
patient position and the detection method used. In sitting
position when precordial doppler is used, VAE can be
detected is nearly half of all patients. In a non-sitting posi-
tion, the incidence is about 10% using doppler detection.
Transesophageal Echocardiogram (TEE) for TEE is not
frequently used but it detects significantly more bubbles.
Detection of air bubbles is not equated with injury or
symptoms.

The existence of a negative gradient between the surgical
site, the right atrium and open veins predisposes to VAE.
The amount of air entrained depends on the pressure gra-
dient between the skull and the heart and the size of the open
orifice. Increasing right atrial pressure reduces the risk but
may also cause increased venous pressure and tumor size.
All maneuvers that increase right atrial pressure increase the
risk of air entering the left atrium through a patent foramen
ovale, causing a paradoxical air embolism. This risk is
greater in children, especially young children. Some orga-
nizations will perform a transthoracic echocardiogram to
assess risk. The presence of a patent foramen ovale
(PFO) increases the risk of paradoxical air embolism, and is
a relative contraindication to sitting position.

The incidence of PFO in general population could be as
high as 20–30%, and most patients do not know that they
have a PFO. Routine PFO screening can be considered
preoperatively. Transthoracic Echocardiogram (TEE) is less
invasive but not as sensitive in PFO detection as TEE, but
pre-op TEE usually requires a general anesthetic due to
it is invasive nature. The practice of preoperative screening
could be replaced by intraoperative, prepositioning
contrast-enhanced TEE. If a PFO is found, position for
surgery is modified and right atrial catheter placed.

18. How do you treat VAE?

Once venous air embolisms is identified, usually with a
precordial doppler, the anesthetic management should

• prevent further air entry
• notify the surgeon, have him/her flood the field
• compress the jugular veins

• if the patient is sitting
• lower their head
• rotate into the left lateral decubitus position

• administer 100% O2

• Attempt to aspirate the air from the right atrium through a
previously placed multi-oriface catheter.
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Address the cardiovascular and respiratory consequences
of VAE

• Cardiovascular: dysrhythmia, systemic hypotension,
pulmonary hypertension, acute right-sided failure,
myocardial ischemia, cardiac arrest

• Pulmonary: hypoxemia, hypercarbia, pulmonary edema.
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16Intracranial Aneurysm

Penny P. Liu

CASE:
45-year-old female presents to the emergency room with
2-day history of moderate headache, photophobia, nuchal
rigidity, and nausea with vomiting.

Medications Atenolol, Glipizide
Allergies None
Past Medical
History

Chronic hypertension, Type II Diabetes
Mellitus

Physical Exam VS: BP 148/95, HR 70, RR 20, SpO2 98%
Mental status The patient appears uncomfortable with

nausea and photophobia. She is alert,
oriented, and obeys all commands.

Studies
EKG Sinus rhythm, occasional PVC’s, and

nonspecific ST segment depression
Computerized axial tomography scan
(CT) Findings: thin layer of subarachnoid
blood.

Angiogram 15 mm right middle cerebral artery
aneurysm.

1. What are the signs and symptoms of SAH?

The most common symptom is a sudden, severe headache
with the classic description “this is the worst headache of my
life.” Patients may have minimal symptoms from comatose
and posturing to unresponsiveness. Increased intracranial
pressure (ICP) can induce vomiting, syncope, neck pain and
nuchal rigidity.

Although this patient has few neurologic symptoms, the
risk of aneurysmal rebleeding is present. Rebleeding is a

frequent cause of death and disability in patients who survive
the initial hemorrhage. Rebleeding most frequently occurs in
the first 3 days in about 8% of untreated patients and is initially
detected by a deteriorating neurologic condition. Current
surgical and endovascular treatment goals include prevent
rebleeding through early diagnosis and intervention.

2. What are some of the risk factors for SAH?

Risk factors in aneurysmal SAH can be categorized into
nonmodifiable and modifiable.

Nonmodifiable risk factors include age, gender, ethnicity,
family history, and aneurysm location and size. The inci-
dence of SAH increases with age with a peak occurring in
the fifth and sixth decades of life. Subsequently, the inci-
dence has been shown to plateau or slightly diminish with
subsequent aging. SAH is more frequent in women than
men. Studies have suggested hormonal and developmental
factors (age of menarche and nulliparity) as contributors to
the gender disparity. Studies have also suggested a higher
incidence of SAH in African Americans compared to
Caucasians in the United States. One of the strongest pre-
dictors of SAH is a family history of SAH. This genetic
foundation has been shown across various populations and
in various regions of the world [1].

The aneurysm location with the highest to lowest fre-
quency of rupture is the anterior communicating artery
(ACoA 29%), posterior communicating artery (PCoA,
19.6%), the basilar artery (14.7%), and the middle cerebral
artery (MCA, 11.8%). There is a direct correlation between
aneurysm size and the likelihood of aneurysm rupture,
however small aneurysms are not without risk. Forget et al.
[2] showed that 210 of 245 (85.7%) consecutive eighty
seven percent of SAH patients presented with aneurysms
smaller than 10 mm. Langham et al. [3] also supported that
the majority of patients (67.3%) with aneurysmal SAH had
aneurys smaller than 10 mm in size.
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Certain genetic conditions have an association with
intracranial aneurysms. This includes polycystic kidney
disease, Marfan’s syndrome, Ehler Danlos syndrome, and
Type 1 neurofibromatosis.

Modifiable risk factors that increase the risk of SAH
include chronic hypertension, tobacco and cocaine use.
Chronic hypertension has been shown to be a strong pre-
dictor of aneurysmal SAH.

3. What is the clinical grading of this patient’s SAH?

The World Federation of Neurological Surgeon’s Grad-
ing System (WFNS) and the modified Hunt and Hess
Grading System are the two most common grading schemes
that provide assessment of surgical risk and prognosis.

The WFNS SAH scale has 5 grades with Grade 1 indi-
cating the lowest neurologic injury and Grade 5 the most. It
utilizes incorporates the Glasgow Coma Scale
(GCS) (Table 16.1) plus the absence or presence of motor
deficits for risk stratification.

The World Federation of Neurological Surgeons (WFNS)
SAH Scale1 [4] is

Grade 1: GCS 15 with no motor deficit
Grade 2: GCS between 14–13 with no motor deficit
Grade 3: GCS 14–13 with the presence of motor deficit
Grade 4: GCS 12–7 with or without motor deficit
Grade 5: GCS 6–3 with or without motor deficit.

• The Hunt and Hess Classification2 [5] is

Grade 1: asymptomatic or has a mild headache, slight
nuchal rigidity
Grade 2: moderate to severe headache, nuchal rigidity, no
neurologic deficit other than cranial nerve palsy
Grade 3: drowsy, confused, mild focal neurologic deficit
Grade 4: stupor with moderate to severe hemiparesis
Grade 5: coma, decerebrate posturing.

Unlike the WFNS, the most current modification of the
Hunt and Hess Classification takes into account comorbid
conditions such as hypertension and diabetes which when
present place the patient at the next highest risk category.

The current patient based on her presentation of moderate
headache, nuchal rigidity would place her at an initial Hunt
and Hess Grade 2. However, due to her comorbid conditions
of hypertension and diabetes, her Hunt and Hess classifica-
tion is now Grade 3. Her WFNS Grade is 1 based upon a
Glasgow Coma Scale of 15 and no motor deficits.

4. Describe this patient’s ability for cerebral
autoregulation.

Cerebral autoregulation is the ability to maintain adequate
and stable cerebral perfusion pressure over a range of mean
arterial pressure (MAP). After SAH, cerebral autoregulation is
frequently impaired. Focal reductions in cerebral perfusion
may contribute to delayed ischemic neurological deficits
(DIND). Elevated blood pressures, both transient and long
term, are seen after SAH secondary to sympathetic activation.
In a patient with Hunt and Hess Grade III and higher Inade-
quate cerebral perfusion begins at a higher MAP. Autoregu-
latory pressure curve is shifted toward a higher BP. In this
patient with untreated chronic hypertension, the cerebral
pressure curve has already been shifted to higher values but
she does not have neurologic findings to suggest a further
elevation in MAP is necessary.

Elevated ICP due to increased intracranial volume means a
higher MAP is needed to maintain cerebral perfusion pressure
(CPP). This sustained, elevated MAP increases the risk of
rebleeding or secondary aneurysm rupture. Guidelines for the
management of aneurysmal SAH from the onset of symptoms
to aneurysm obliteration, recommend blood pressure is best
controlled with a titratable agents (e.g., nicardipine, labetolol).
This balances the risk of ischemic stroke, hypertension-related
rebleeding, and maintenance of global cerebral perfusion
pressure [6, 7]. Unfortunately, the MAP goal to achieve these
often opposing goals has not been established but a main-
taining systolic pressure to <160 mmHg and a MAP above
80–90 mm Hg is often suggested.

5. What additional physiologic abnormalities are asso-
ciated with SAH?

a. Cardiac: Cardiac injury is usually seen after SAH. It can
range from conduction abnormalities, as evident from this
patient’s PVC’s, to actual myocardial injury which is
speculated to be caused by the catecholamine release which
occurs at aneurysm rupture. Autopsy studies reportedmicro
infarctions at autopsy in patients with early mortality. The
increase in troponin levels is related to both cardiovascular
injury and neurologic injury associated with vasopasm.
Higher values indicate poor neurologic outcome and
increased likelihood of mortality. Cardiac dysfunction can
last up to 6 weeks and is usually reversible.

1Reproduced from Teasdale GM, Drake CG, Hunt W, Kassell N,
Sano K, Perulset B, De Villiers JC. A universal subarachnoid
hemorrhage scale: report of a committee of the World Federation of
Neurosurgical Societies. Journal of Neurology, Neurosurgery &
Psychiatry 1988;51(11):1457, with permission of BMJ Publishing
Group Ltd.
2Reproduced from Hunt WE, Hess RM. Surgical risk as related to time
of intervention in the repair of intracranial aneurysms. Journal of
Neurosurgery 1968;28(1):14–20, with permission of the American
Association of Neurological Surgeons.
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b. Glucose metabolism: Hyperglycemia is one factor used
in predicting increased risk of vasospasm as well as a
poor neurologic outcome. Whereas there is no absolute
consensus target for serum glucose level, the American
Diabetic Association recommends glucose between
160-100 in perioperative and critically ill patients. One
study of SAH outcomes found that the likelihood of
long-term cognitive dysfuntion and motor dysfunction
increased with blood glucose levels <129 mg/dl and
>152 mg/dl, respectively [8]. All patients but with his-
tory of diabetes require precise control of serum glucose
to avoid hypoglycemia as well as hyperglycemia.

c. Intravascular volume and hyponatremia: Hypona-
tremia is frequent after SAH. Main causes are inappro-
priate ADH secretion (SIADH) and cerebral salt wasting
syndrome. SIADH leads to diminished water excretion
with normal sodium excretion. The hallmark of SIADH
is hyponatremia with euvolemia or hypervolemia.
Treatment requires judicious diuresis or restriction of free
water intake.
With cerebral salt wasting syndrome, the hyponatremia is
the result of active urinary sodium excretion. These
patients actively excrete sodium in the urine without
water retention. The treatment for cerebral salt wasting

syndrome is restoring intravascular volume by adminis-
tering normal saline or hypertonic saline. To make the
diagnosis urine sodium is determined. SIADH has nor-
mal urine sodium while cerebral salt wasting has an
inappropriately high urine sodium.
Patients with cerebral salt wasting syndrome are often
hypovolemic. Restoring intravascular volume is particu-
larly important because of the risk of vasospasm where
euvolemia is a standard treatment. Overly rapid correction
of serum sodium levels can cause osmotic demyelination
syndrome (aka, central pontine myelinolysis). The neuro-
logic manifestations are seizures, altered level of con-
sciousness, gait disturbance, diminished respiratory
function, dysarthria, and dysphagia. Treatment of hypona-
tremia requires very gradual restoration of serum sodium.

6. Describe the treatment options for aneurysms.

The treatment options are interventional or endovascular and
surgical; the choice depends upon:

a. Anatomy and location of the aneurysm
b. Status of the aneurysm (unruptured/ruptured/bleeding)
c. Health and age of the patient

Table 16.1 Simplified Glasgow
Coma Score

Glasgow coma score

Eye opening

Spontaneous 4

To speech 3

To pain 2

No response 1

Verbal response

Oriented to time, place, and person 5

Confused, disoriented 4

Inappropriate words 3

Incomprehensible sounds 2

No response 1

Best motor response

Obeys commands 6

Moves to localized pain 5

Flexion withdraws from pain 4

Abnormal flexion 3

Abnormal extension 2

No response 1

SUM

Best score 15, worst score 3

Sum of items in each category indicates the neurologic condition of the patient. The highest score is 15, a
patient without symptoms, and the lowest is 3, a patient who is moribund. Reproduced from Teasdale G,
Jennett B. Assessment of coma and impaired consciousness: A practical scale. LANCET (ii) 81–83, 1974,
with permission from Elsevier
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Endovascular techniques are suitable for nearly all
accessible aneurysms. Often the choice, endovascular or
surgical, is made by the patient or their family prior to the
angiogram. Endovascular techniques are often recommended
when surgical location (e.g., posterior circulation, cavernous
sinus, internal carotid aneurysms) or medical difficulties
(e.g., elderly, multiple comorbid conditions) increase the
surgical risk. Surgical clipping is suitable when endovascu-
lar techniques have limited success (e.g., giant aneurysms
(>2.5 cm in diameter), fusiform aneurysms, aneurysms with
a wide neck (neck: dome ratio >0.5), and middle cerebral
artery aneurysms). In younger patients (<40 years of age),
surgical clipping may provide better long-term protection
from rebleeding. With ongoing advancements in both
microsurgical and endovascular approaches, the methods of
determining the proper aneurysm characteristics and patient
population for each treatment option continue to change.

When surgical treatment is chosen, a surgical clip is
placed to exclude the aneurysm from the cerebral circulation
without occluding the primary vessel. An endovascular
option involves thrombosis of the aneurysm sac by place-
ment of detachable platinum coils or other devices.
Endovascular is an alternative and often a preferred treat-
ment when the aneurysm anatomy and location is favorable.

Unruptured aneurysm is often electively treated. There
have been no randomized trials comparing the coiling versus
clipping techniques in this population. However, in a retro-
spective study across 429 centers in the United States, 2535
unruptured aneurysms were evaluated. The results favored
endovascular coiling over surgical clipping [9].

SAH treatment is based upon characteristics of both the
patient and the aneurysm. Surgical clipping or endovascular
coiling of the ruptured aneurysm should be performed as
early as possible to reduce the likelihood of rebleeding after
SAH. It is worth noting that the International Subarachnoid
Trial (ISAT) study [10, 11] was quite influential in favoring
change of practice from surgical clipping to coiling. Despite
some of its limitations, (small, <1 cm diameter, anterior
circulation, good neurological grade), the ISAT study was
the first study comparing the outcome measure of endovas-
cular coiling with surgical clipping. Although reported in
2002, the ISAT result showed that fewer patients experi-
enced the primary outcome, death or dependency, in the
coiling group (24%) than they clipping group (31%).
A strong criticism remains the surgical group contained
patients who could not undergo endovascular treatment. The
rate of rebleeding at 1 year was higher for the coiling group
(2.6%) as compared to clipping (1%). Rebleeding may
negate the advantage of the endovascular treatment [12].

7. When should surgical treatment for SAH surgery
occur?

Rebleeding is a major cause of morbidity in SAH with
mortality rates nearing 70%. Without intervention, the risk
of rebleeding reaches 40% within the first month. The
highest daily rate (4%) occurs within the first 24 h followed
by a daily rate of 1–2% for the next 28 days. Early surgery
(0–3 days) is associated with reduced frequency of
rebleeding. All but the most difficult aneurysms are treated
with endovascular approach at the time of diagnosis. Con-
sequently, the difficult surgical exposure caused by local
edema and blood increases risk of intraoperative bleeding
and long surgery. Once secured, the ability to treat vasos-
pasm and eliminate rebleeding improve outcomes. Late
surgery (>10 days posthemorrhage) has the advantage of
better surgical conditions with increased risk occurring
during days 4–9.

The current standard practice is intervention as soon as the
aneurysm has been diagnosed. Studies consistently support
early surgery and showing its association with improved
clinical outcome in low-grade as well as high-grade SAH
patients. Patients who were coiled or clipped within 24 h of
SAH presentation had improved clinical outcomes compared
with treatment after 24 h [13]. In the Netherlands, 1500
patients from eight hospitals, found no difference in low-risk
patients but better outcomes in patients with poor clinical
condition on admission after early surgery [14].

8. What is vasospasm?

Vasospasm, a complication following SAH, is severe vaso-
constriction cerebral vessels of distal from the original
aneurysm. Its severity is associated with the amount of blood
present on the CT scan and occurs beginning 2–3 days after
SAH.

One can divide the vasospasm into (1) “clinical vasos-
pasm” which refers to “delayed ischemic neurologic deficit”
(DIND) or delayed cerebral ischemia (DCI) and (2) angio-
graphic vasospasm, detected only on arteriogram. After
surviving SAH treatment, vasospasm is a dreaded late
complication. DCI can occur following SAH with or without
angiographic evidence of narrowed of the cerebral vessels.
Vasospasm on cerebral angiography is seen as a narrowing
of the lumen of cerebral arteries. Daily studies with tran-
scranial doppler (TCD) use increased blood flow velocity to
detect narrowed arterial lumens or vasospasm in the anterior
and posterior circulation. TCD changes can anticipate clin-
ically symptomatic vasospasm.
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Delayed cerebral ischemia is a clinical diagnosis that
presents as confusion, depressed consciousness often with
focal neurologic deficits on imaging. DCI symptoms typi-
cally begin as early as 3 days but the highest frequency is
between 6 and 8 days post SAH. Seizures, hydrocephalus,
cerebral edema, hypoxemia, hyponatremia, and sepsis can
mimic DCI.

Persistent, untreated clinically symptomatic vasospasm is
associated with increased morbidity and mortality due to
cerebral ischemia and infarction. The major causes of mor-
bidity and death in patients with aneurysmal SAH as cited by
The International Cooperative Study on the timing of
Aneurysm Surgery were:

(1) Cerebral infarction secondary to vasospasm—33.5%,
(2) Direct effect of hemorrhage—25.5%,
(3) Rebleeding before treatment—17.3%,
(4) Complications from treatment—8.9%,
(5) Intracerebral hematoma—4.5%, and
(6) Hydrocephalus—3%.

9. What are the predictors of vasospasm?

The amount of hemorrhage seen on Computed Tomography
(CT) is a very powerful predictor of vasospasm. The Fisher
Scale is the most well-known grading scale and provides a
correlation between the amount of blood on CT and the risk
of vasospasm.

Fisher Group 1: no blood on CT
Fisher Group 2: diffuse or thin layer, (<1 mm thickness)
Fisher Group 3: localized clot or thick layer, (>1 mm)
Fisher Group 4: diffuse of no SAH, but with IVH or ICH

Other predictive factors of an increase risk are systemic
hypertension, age <50 years old [15], cigarette smoker,
cocaine use, and female.

This patient is at low risk of vasospasm.

10. What are the treatment options for vasospasm?

Assuming the aneurysm has been secured, the initial treat-
ment for vasospasm is administration of nimodipine, main-
tenance of euvolemia, and induced hypertension to improve
cerebral perfusion [6]. Nimodipine has been shown to
improve neurological outcomes but not cerebral vasospasm
(Class I, Level of Evidence A). The efficacy of other calcium
channel blockers, oral or IV, remains uncertain. The intra-
venous calcium channel blocker in widespread use is
nicadipine, used for blood pressure control and vasospasm
treatment [16].

Hypervolemia, hypertension, hemodilution (Triple H)
therapy was historically the primary treatment of vasospasm.
The theory of Triple H would enhance cerebral perfusion
and blood flow to ischemic areas. However, the efficacy of
HHH therapy has not been validated. There can be signifi-
cant complications associated with its use (e.g., congestive
heart failure, pulmonary edema, renal failure, cardiac
ischemia, and sepsis) with no proven positive effect based
upon review of controlled studies to date. There is support
that hypertension with normovolemia is effective for miti-
gating clinical vasospasm. Current recommendation is to
maintain euvolemia with systolic blood pressure range of
140–160 mmHg.

Magnesium therapy has been extensively studied in the
treatment of cerebral vasospasm. Mg is a competitive
antagonist of calcium and a noncompetitive antagonist at
voltage-gated calcium channels leading to smooth muscle
relaxation. Magnesium infusions may cause some reduction
in delayed cerebral ischemia but the benefits have not been
conclusively supported by meta-analysis or Cochrane
review [17].

Statin therapy in SAH treatment is controversial. It has
been proposed as a means to prevent vasospasm through
cholesterol dependent as well as cholesterol independent
mechanisms. Currently, initiating statin therapy is not rec-
ommended for routine use in the treatment of vasospasm and
delayed ischemic neurologic deficit [18, 19].

11. How do endovascular procedures treat vasospasm?

Endovascular procedures are first line therapy for severe
vasospasm. These endovascular interventions generally
consist of balloon angioplasty for accessible lesions and
intra-arterial vasodilator infusions for more distal vessels. If
performed within 2 h of symptoms, balloon angioplasty has
been found to be radiologically effective, no vasoconstric-
tion observed, in 98–100% and clinically effective, reduces
symptoms, in 70–80% [20]. Complications from balloon
angioplasty include vessel rupture, thrombosis, and
embolism.

For vessels that are unamendable to balloon angioplasty,
intra-arterial infusion of vasodilatory drugs such as
papaverine, verapamil, amrinone, or milrinone, distal to the
vasospastic area is a common treatment. Papaverine, a
nonselective, phosphodiesterase inhibitor causes transient
but potent arterial vasodilation. Papaverine vasodilation is
extremely transient; thus recurring vasospasm is common.
The global vasodilation it causes can increase ICP. Further-
more, papaverine has been associated with neurotoxic
effects, seizures, blindness, coma, and irreversible brain
injury [21]. Verapamil injection does not increase the risk of
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ICP elevation but can lead to hypotension and bradycardia.
Amrinone and milrinone, like papaverine, are nonselective,
phosphodiesterase inhibitors. Milrinone is more potent than
its parent compound, amrinone. All have been used for the
treatment of vasospasm [22].

12. What are the goals of anesthetic management during
the craniotomy?

The anesthetic management goals are

• To reduce transmural pressure gradient, which can lead
to aneurysm rupture.

• To maintain adequate cerebral perfusion pressure
throughout the entirety of the procedure.

• To provide optimal surgical conditions by facilitating
brain relaxation and reducing intracranial volume.

• To provide prompt emergence at the end of surgery for
proper assessment of the patient’s neurologic status.

13. Define transmural pressure.

The transmural pressure gradient is the difference between
the pressure inside the aneurysm (estimated as MAP) and the
pressure outside of the aneurysm (estimated as intracranial
pressure). An unanticipated increase in mean arterial pres-
sure can lead to aneurysm rupture. Placement of an arterial
line prior to intraoperative activities that may cause signifi-
cant hypo- or hypertension (e.g., induction, intubation,
placement of the mayfield head holder) is extremely
important. Drugs must be available to manipulate BP to
maintain a consistent predetermined value.

14. Define your goals for cerebral perfusion pressure

Cerebral perfusion pressure (CPP) is also the difference
between mean arterial pressure and the intracranial pressure.
As previously stated, patients frequently have impaired
cerebral autoregulation after SAH. Their lower limits of
adequate cerebral perfusion now occur at a higher mean
arterial pressure. Adequate cerebral perfusion pressure pro-
motes brain oxygenation and prevents ischemia. The most
current guidelines recommend minimizing the degree and
duration of intraoperative hypotension during aneurysm
surgery (Class IIa, Level of Evidence B) [6, 23].

15. Describe methods used to achieve adequate brain
relaxation.

Brain relaxation is a slang term used to describe a brain that
does not exhibit swelling or displacement caused by a mass,
hematoma, tissue edema, or ventricular obstruction. It

provides optimal surgical conditions to reduce the amount of
surgical retraction and treat the surgical lesion. Brain
relaxation is primarily based on decreasing interstitial fluid
and CSF volume. Methods to help achieve this goal include:

(a) Mannitol or hypertonic saline
(b) Furosemide
(c) Drainage of CSF

Mannitol promotes brain relaxation by creating an
osmotic pressure gradient with an intact blood–brain barrier.
The dose is typically 0.5–1.0 g/kg and peak effects are seen
at 30–45 min. In addition to the osmotic diuresis, it extracts
interstitial fluid from tissues. In a disrupted blood–brain
barrier, mannitol may cause rebound edema and increase in
intracranial pressure. It should be used with caution if the
serum osmolality is above 330 mOsm/L.

Hypertonic saline therapy is used to decrease interstitial
fluid. There are studies primarily in intracranial tumors and
head trauma that suggest benefit or no harm when compared
to mannitol [24, 25].

Furosemide, a loop diuretic, can be administered alone or
in combination with mannitol to provide brain relaxation. It
decreases CSF production and intravascular volume. This
loss of electrolytes and free water can cause hypotension and
hypovolemia.

Cerebrospinal fluid drainage utilizing a lumbar or exter-
nal intraventricular drain can reduce intracranial cerebral
spinal fluid (CSF) volume providing brain relaxation. ICP is
managed by placing the intraventricular drainage device at
an appropriate level and the lumbar drainage removes small
aliquots of fluid. Sudden decrease or increase in ICP can lead
to reduced transmural pressure gradient and aneurysm rup-
ture or brain herniation.

16. What is the role of hyperventilation in brain
relaxation?

Hyperventilation improves brain relaxation and improves
surgical exposure. PaCO2 should be normal to slightly below
normal (30 mmHg). Even transient mild hyperventilation
has the potential for substantial reduction in cerebral blood
flow (CBF). Several small studies in traumatic brain injury
patients found hyperventilation leads to reduction in cerebral
perfusion [26]. Modest hyperventilation to improving oper-
ative conditions continues to be used with caution.

17. What anesthetic techniques can be used?

During craniotomy for aneurysm clipping or endovascu-
lar procedures, general anesthesia can utilize inhalational
agents, intravenous agents, or a combination of both.
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Volatile anesthetics produce dose-dependent cerebral
vasodilatation and at >1 minimum alveolar concentration
(MAC) can cause enough increase cerebral blood volume to
increase ICP. Nitrous oxide has also been shown to increase
cerebral blood volume when used alone or in conjunction
with a volatile anesthetic. These drug effects are modified by
other medications and hyperventilation. Propofol-based total
intravenous anesthesia (TIVA) technique can also be used. It
reduces cerebral blood flow and ICP [27]. TIVA is a pre-
ferred technique when maintaining or decreasing ICP and
improving operative conditions is a priority. There are no
studies on long-term neurological outcome for any drug
regimen. Decisions are made based on efforts to decrease
ICP and improve operative conditions.

Analgesia is usually provided by a fentanyl, sufentanil, or
occasionally remifentanil. The primary goal is to decrease
sympathetic activity. Remifentanil has been associated with
substantial hypertension during wake-up and requires postop-
erative increases in analgesia due to the active metabolite. The
metabolite has low analgesic activity but high receptor affinity.

Nondepolarizing muscle relaxants are frequently used.
Depolarizing muscle relaxants are associated with hyper-
kalemia in patients with SAH.

18. What are the anesthetic management goals during
temporary clip placement?

Temporary occlusion of the aneurysmal artery decompresses
the aneurysm to allow manipulation and decrease likelihood
of rupture. This technique is used for large aneurysm,
aneurysms in difficult locations, or aneurysms considered
likely to rupture. Depending on the anatomy of the vessel,
there will be either no distal blood flow producing a high risk
of ischemia or reduced blood flow from collateral circula-
tion. Mean arterial pressure should be maintained or allowed
to rise to increase perfusion through collateral vessels.
Ischemic time is kept to a minimum to reduce focal injury
with a goal of <10 min. The temporary clip may be removed
several times to achieve this goal [28]. EEG burst suppres-
sion with propofol or mild hypothermia may be requested to
provide neuroprotection. Their clinical benefits have not
been established. Improved outcome is not definitively
supported for hypothermia or propofol [29, 30].

19. How is intraoperative aneurysm rupture managed?

Blood pressure management in the event of sudden,
unintentional intraoperative cerebral aneurysm rupture is
complex. Transient MAP reduction to 40–50 mmHg can
decrease bleeding and facilitate better exposure or placement
of a temporary clip on the aneurysm of primary artery. This
maneuver is usually brief while the surgeon regains control

of the blood vessel and aneurysm. Prolonged uncontrolled
bleeding can eventually lead to hypovolemia and blood
transfusion. Interventions take into consideration the size of
the leak or rupture, completeness of the aneurysm dissection,
and the feasibility of temporary occlusion. Effective com-
munication is critical to improving outcome. Adenosine
(0.3–0.4 mg/kg) to cause 45–60 s of asystole can facilitate a
clip placement [31].

20. Does anesthetic management differ during endovas-
cular or surgical treatment?

The anesthetic management goals of minimizing trans-
mural pressure changes and maintaining adequate cerebral
perfusion pressure remains the same as for craniotomy for
aneurysm clipping. Endovascular intervention still requires
that the patient be immobile. Although anesthesia for
coiling/embolization can be performed under monitored
anesthesia care with patients who are WFNS or Hunt and
Hess Grade 1 and are capable of maintaining their airway,
many neuro-proceduralists prefer general anesthesia. This
reduces the risk of movement and allows immediate surgical
intervention if necessary.

Additional considerations during endovascular approa-
ches are the need for anticoagulation, ICU management, and
the consequences of radiographic dye administration.
Heparin is administered to maintain an activated clotting
time (ACT) 2–3 times normal for the duration of the pro-
cedure. ACT measures are frequently monitored and heparin
dosing adjusted.

To prevent contrast induced nephropathy, intravenous
administration of N-acetylcysteine and sodium bicarbonate
maybe requested. Patients with preexisting risk of renal
impairment are at the highest risk of postprocedure renal
insufficiency or failure. Since contrast induces a diuresis,
urine output is not indicative of renal function. Close mon-
itoring of volume status is necessary since many patients will
have received osmotic drugs to control ICP prior to arrival
and hypervolemia from radiographic dye administration can
contribute to risk of rebleeding, congestive heart failure, and
other medical complications.
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17Carotid Endarterectomy

Reza Gorji and Lu’ay Nubani

Case
80-year-old male describes three episodes of monocular
visual loss with each episode lasting longer than the prior
one. On physical exam in the ER, the only neurologic
finding is monocular visual loss. After a carotid ultrasono-
gram and a computerized tomography angiogram (CTA), he
is advised that he needs treatment for carotid artery stenosis.

Past Medical
History:

Hypertension, Diabetes Mellitus

Allergies: none

Medications: Lisinopril metoprolol, metformin

Physical
Exam:

BP 150/92, P 89, R 20, T 36.7

Carotid bruit bilateral L>R

Heart RR, S1 S2 SEM 2

Studies:

Carotid Ultrasound—partial occlusion of the left
Carotid artery

CTA—75% occlusion of the Left carotid artery
—Right Carotid artery 30% occlusion

ECG—normal sinus rhythm

1. What caused his transient monocular blindness?

Transient monocular blindness, also called amaurosis
fugax, is usually caused by retinal ischemia. In patients
younger than 45 years it may be vasospasm or symptom of a
migraine but in older patients or patients with atherosclerosis
it is usually emboli, thrombus or plaque, giant cell arteritis or

cerebrovascular ischemia that temporarily obstructs the
ophthalmic artery causing symptomatic ischemia in the optic
nerve and the retina. It is generally monocular and lasts for
2–30 min. Patients describe it as darkness or a gray curtain
over one eye.

2. What comorbid conditions are associated with carotid
artery disease?

Patients with carotid artery disease typically suffer from
other systemic diseases like hypertension, diabetes mellitus,
obesity, arteriosclerosis, and pulmonary disease from
smoking. It is important to note that patients with hyper-
tension and diabetes are also at high risk for renal disease.
Morbidity and possibly mortality are increased in patients
with renal disease who undergo carotid endarterectomy
(CEA). There is increased risk of stroke, death, and cardiac
complications in this population [1, 2].

Previous stroke or transient ischemic attack (TIA), car-
diovascular disease and sickle cell disease significantly
increase risk of serious complications [3]. The most con-
sistent risk factor is age; increasing age is also associated
with increasing probability of stroke. This may be related to
anatomical changes in the vessel wall that occur with aging
[4]. Carotid artery (CA) disease is one manifestation of
atherosclerosis.

3. How would you medically evaluate the patient?

The preoperative evaluation must assess the patient for
recognized associated comorbid conditions. Of particular
importance would be the history of neurological impairment.
As high as 25% of patients with CAD also have CA disease
[5–7]. Stress makes these patients at risk for myocardial
ischemia [8]. When planning for an elective procedure,
optimizing comorbid conditions can reduce perioperative
complication. When significant symptoms of cardiac ische-
mia are present, consultation with a cardiologist to optimize
the patient’s health is important.
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When CA therapy is elective, use of standard assessment
and management protocols for each comorbid condition are
recommended. For example, patients with sleep disordered
breathing (obstructive sleep apnea or OSA) receive medical
optimization prior to surgery followed by postoperative
management.

When CA treatment is emergently required, best judg-
ment regarding the evaluation is necessary. The 1-hour goal
of event to therapy for a stroke or TIA patient requires an
efficient standard protocol to prevent unnecessary delays.

The clinician must decide anesthetic management goals
based on both the CA procedure and the patient’s active
medical problems [9].

4. What preoperative assessment of carotid artery dis-
ease is recommended?

Preoperative evaluation of the CA disease focuses on
defining the diseased vessel. To determine the extent of the
cerebrovascular disease, these diagnostic modalities are
suggested

• CA duplex ultrasound
• Computer tomographic angiography
• Magnetic resonance angiography
• Cerebral angiography
• Magnetic resonance angiography

5. What urgent medical therapies are recommended for
patients with TIA or acute stroke?

Preexisting medical therapy for these often include
administration of antiplatelet/anticoagulant/antifibrinolytic
agents. Aspirin [10, 11], and clopidogrel therapy [12] may
be initiated prior to CA stenting or carotid endarterectomy.
Statins and beta-blockers should be continued in these
patients. Statins may induce vascular remodeling and
regression for carotid atherosclerotic lesions [13, 14]. Statin
administration use may reduce neurologic morbidity among
patients undergoing carotid angioplasty and stent proce-
dures. Long-term therapy may reduce carotid plaques in
high-risk patients.

6. Should the patient undergo a surgical or endovascu-
lar therapy for a TIA or acute stroke?

Rapid evaluation and therapy, “Stroke Alert” requires
endovascular treatment within 1 h of onset of symptoms in
the adult [15]. This is an opportunity to treat a CA lesion
when appropriate or establish the extent of CA disease for a
surgical intervention.

7. What type of patient will benefit the most from a CA
treatment?

Patients with carotid stenosis greater than 70% may cause
cerebral hypoperfusion and patients will benefit from a CEA
or endovascular intervention. Patients with stenosis between
50 and 69% will only have marginal increase in blood flow.
This patient has symptoms due acute hypoperfusion and
requires therapy.

Accepted indications for a therapy include the following:

• Previous TIA and TIA lasting > 1 h
• Reversible ischemic neurologic deficits with vessel

stenosis >70% or an ulcerated plaque with or without
stenosis

• Unstable neurologic state with concurrent anticoagulation

The benefits of CEA are seen primarily in men, patients
older than 75 years of age and patients who after the onset of
symptoms with “undergo surgery within <2 weeks after
initial [16].”

8. What are the options for improving CA perfusion?

Therapy includes reducing hypercoagulability (e.g., anti-
platelet drugs, systemic anticoagulation drugs, aspirin), and
increase vessel diameter with surgical or endovascular man-
agement (e.g., carotid stenting and angioplasty, CEA) [17].

Procedural intervention, carotid stent placement or carotid
endarterectomy is safe and effective options in patients with
occlusive disease. Patients with multiple comorbid conditions
maybenefitmore fromcarotid stenting and include patientswith

• severe coronary artery disease or congestive heart failure
• bilateral artery stenosis or carotid artery occlusion
• contralateral laryngeal nerve palsy
• prior radiotherapy or neck surgery
• severe pulmonary dysfunction
• renal failure or insufficiency
• acute stroke

These factors are implicated in poor outcomes regardless
of the technique chosen [18, 19].

Surgical treatment is more often recommended in patients

• � 70 years
• female
• with a severely calcified plaque
• with a plaque involving common and internal carotid

arteries
• with a tortuous internal carotid artery
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9. What premedication is indicated?

Premedication reduces anxiety but may increase the risk
of hypoventilation and delayed awakening. Use of premed-
ication is a judgment best made by the anesthesiologist.

10. What monitors would you use?

Standard ASA monitors and an intra-arterial blood
pressure monitor are routinely recommended. A patient
with poor ventricular function may benefit from a trans-
esophageal echocardiogram (TEE). It may complicate sur-
gical and endovascular procedures. If a carotid artery shunt
is placed emboli occur. Some organizations use transcranial
Doppler to detect emboli and allow the surgeon to modify
their technique. Cerebral oximetry is used to estimate
adequacy of cerebral perfusion. Its efficacy is not deter-
mined [20, 21].

11. What neuromonitoring could be used?

Electroencephalogram (EEG), processed EEG,
somatosensory evoked potentials (SSEP) are often used as a
functional indicator of perfusion since they record neuronal
and synaptic activity. EEG slowing indicates decreased
perfusion. Administration of volatile anesthesia and TIVA
increases EEG slowing in a dose dependent fashion. Slow-
ing due to hypoperfusion may be ipsilateral only and can be
treated with placement of a shunt and increasing blood pres-
sure. Treatmentmay prevent neurologic injury since persistent
slowing is associated with postoperative neurologic compli-
cations [22–24].

EEG measurement is limited to the electrical activity in
the superficial cerebral cortex near the electrodes. EEG
limitations allow false positive and false negatives inter-
pretations. Even more limited is processed EEG; it is used by
anesthesia personnel to monitor the frontal cortex; its value
has not been established.

Somatosensory evoked potentials (SSEP) can detect
hypoperfusion in the sensory cortex while transcranial motor
evoked potentials (MEP) detect hypoperfusion in the motor
cortex. MEP require modifications in anesthetic technique to
obtain. SSEP and MEP indicate laterality and if adequate
perfusion is present. They do not provide information about
focal ischemic events [25].

12. What additional monitoring techniques may be
used?

Carotid stump pressure is the pressure obtained by
transducing the CA above the cross-clamp. It has been used

as a surrogate for perfusion. Perfusion pressure presumably
reflects the collateral blood flow. Stump pressure does not
reliably correlate with EEG, SSEP, or changes in an awake
patient’s neurological exam. Stump pressure when used in
conjunction with transcranial Doppler is predictive of cere-
bral ischemia [26].

13. What are the consideration in choosing an
anesthetic?

Ideally, the anesthesia must maintain oxygenation, car-
diovascular stability and best surgical or endovascular con-
ditions. Both regional and general anesthesia are
successfully used.

General anesthesia is the most frequently used technique
in the United States. Its use is based on the clinician, sur-
geon, and patient preference. The major advantages of
general anesthesia include

• cardiovascular stability
• patient immobility
• ventilation and airway control

The disadvantages include

• neurologic exam not available
• increased use of shunts with associated cerebral emboli
• neurological complications masked by residual

anesthesia

Regional anesthesia can provide adequate anesthesia and
immediate neurologic exam when minimal sedation is used.
The regional can be a surgical field block but most fre-
quently a cervical plexus block, superficial, or deep is used.
The major advantages include

• real time neurologic exam
• no airway intervention
• reduction in shunt placement

The disadvantages include

• patient movement, agitation, anxiety
• hemodynamic instability which is not easily managed
• regional technique risks (e.g., cervical spinal, failed

block, local anesthetic overdose)
• restricted access to patient’s airway

Sedation during regional is often required increasing
respiratory and cardiovascular adverse events. The neuro-
logic advantages can be negated with sedation.
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14. Which anesthetic technique provides the best
outcome?

Anesthetic choice has no significant effect on major
adverse outcomes including death, stroke and myocardial
infarction (MI). General anesthesia is more common for
endarterectomies and sedation for endovascular procedures.
These choices reflect the different patient access in urgent
situations and a different amount of stimulation.

15. How would you maintain a general anesthetic?

The goals of general anesthesia are to provide adequate
hypnosis, analgesia, vital signs including cerebral perfusion,
and surgical access. Anesthetic techniques may be a TIVA
or a volatile anesthetic.

Primary induction goal is BP stability. Autoregulation
begins to fail with blood pressures outside the “normal” range.
This typically is a mean arterial pressure (MAP) <50 mm Hg
or >150 mm Hg. Below 50 mm Hg hypoperfusion and above
150 mm Hg hyperperfusion occurs. Significant hypo or
hypertension can lead to a cerebral ischemia or hemorrhagic
stroke. Common induction management includes etomidate or
propofol, narcotic, like fentanyl or remifentanil, and lidocaine
to reduce intubation hypertension [27].

Avoiding cerebral ischemia and providing prompt emer-
gence from anesthesia at the conclusion of the procedure are
important goals. Commonly used guidelines advocate blood
pressure be maintained within 20% of the preoperative value
[28–30]. If EEG monitoring is used the anesthesiologist
should avoid burst suppression. It will hinder detection of
cerebral ischemia. No specific drug regimens are associated
with improved outcomes.

16. Describe respiratory management with general
anesthesia?

Consensus regarding respiratory management is to main-
tain normal PaC02 with minimal hyperventilation. PaCO2 is a
direct determinant of cerebral autoregulation. CBF increases
about 4%permmHg increase in PaCO2. This rule applies only
to a PaCO2 in the range of 20–80 mm Hg. Hypercarbia causes
cerebral vasodilation and possibly redistribution of blood
from preexisting dilated vessels to newly dilated vessels.
It is assumed this increases the possibility of hypoperfusion
in “at risk” areas of the brain [31]. Hypocarbia may vaso-
constrict vessels and reduce blood flow to vulnerable areas.

17. When do you perform regional anesthetic?

A candidate for regional anesthesia must be cooperative
and willing to be alert enough to follow commands. An

obtunded patient can endanger themselves and negate the
ability to monitor the patient’s neurological status. Deep and
superficial cervical plexus block can be performed and offer
an alternative to general anesthesia [32]. Technical expertise
is required for these blocks.

18. How would you manage a patient’s blood pressure
during treatment for carotid artery disease?

A patient with carotid stenosis often has ischemic areas
that have hypoperfusion despite maximally dilated arteries.
Perfusion in these areas is pressure dependent.

Hypotension should be avoided but the definition of
hypotension is debated. Consensus is that target blood
pressure should be close to patient’s baseline blood pressure.
Management of BP lability is critical. Some surgeons infil-
trate the carotid sinus with lidocaine in order to reduce the
bradycardia and hypertension that results during stimulation
of the carotid sinus during surgery.

Hypotension is frequently treated with phenylephrine. It
has no direct vasoconstriction effect on cerebral vasculature
but increases mean arterial pressure and cerebral perfusion
pressure. Hypertension is usually treated with vasodilators
such nicardipine. Infusions of nitroglycerin or nitroprusside
and bolus drugs like labetalol are also used. Technique is
less important than providing a stable BP.

Once the plaque is removed, blood pressure goals change.
Now blood pressure goals are set below patient’s baseline.
This reduces possibility of arteriotomy bleeding and cerebral
reperfusion injury.

19. Does reperfusion injury occur after a CEA?

Reperfusion injury is postulated to be caused by the
inability of the chronically dilated vessels to have normal
autoregulation in response to a high perfusion pressure.
Reperfusion injury can take the form of hemorrhage or
cerebral edema. Reduction in the frequency of reperfusion
injury can be achieved by keeping the blood pressure
slightly below baseline pressures. Reperfusion injury can
occur in any patient with carotid artery disease.

20. This patient does not emerge from anesthesia. What
could be the reason?

Residual anesthetic drug effect as the cause of delayed
recovery should be ruled out. Sequela of anesthetic drugs
includes hypoventilation, hypoxia or hypercarbia, from
damage to the carotid body. Patients with bilateral CEA,
may be particularly vulnerable since they depend on central
chemoreceptors that are depressed by opioids and residual
anesthesia [33, 34].
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Stroke as the cause of delayed awakening should get
special consideration. Stroke and perioperative death are the
major complications after carotid endarterectomy. In patients
with preoperative symptoms, the perioperative stroke and
death rate is 6.2% with stent placement and 3.2% after CEA.
In asymptomatic patients the stroke and death rate is 2.5%
and 1.4% for stent placement and CEA, respectively [25].
Patients with a previous neurological deficit or injury, whose
symptoms improved/resolved, may have temporary deterio-
ration in their function or transient reemergence of previ-
ously resolved symptoms after general anesthesia or sedation
[35, 36].

Causes of stroke after CEA include cerebral ischemia
during clamping of the artery, thrombosis at the
endarterectomy site, embolic events, or an intracerebral
hemorrhage. Emboli are the primary cause of stroke.
Embolization occurs during placement and removal of the
arterial clamp, and during shunt, or stent placement, and
during the dissection of the CA. Statins and antiplatelet
therapy are advocated to decrease risk of embolization [37,
38]. Technical problems like kinking of the artery, issues
with the graft patch, or thrombosis at the arteriotomy site are
associated with strokes.

The Acute Stroke protocol should be activated to identify
and treat the cause of the slow or failure to awaken.

21. How do you identify a perioperative stroke?

A neurologic exam immediately after the procedure
usually identifies a focal or global neurologic event. Acti-
vation of the stroke protocol provides information and best
treatment options concerning the neurologic changes.

22. What is the most common cause of non-stroke rela-
ted death after carotid endarterectomy?

Myocardial infarction account for 25–50% of the mor-
tality after a carotid endarterectomy [39]. Other cardiac
complications following a CEA include unstable angina,
pulmonary edema and ventricular tachycardia. In a recent
meta-analysis 30-day risk of MI 0.87% for CEA [40].

23. What are common postoperative management issues
after CEA?

Hemodynamic instability postoperatively may be from
loss of normal baroreceptor activity. A local hematoma can
compromise the airway, requiring re-exploration. Stridor is
the initial sign of airway compromise. Opening the incision
and reintubation may be necessary.

24. What cranial nerves are at risk during a CEA?

Cranial nerve injury can be a consequence of CEA. In the
Carotid Revascularization Endarterectomy versus Stenting
Trial (CREST) [25], the incidence of cranial nerve injuries
was 4.6% involving cranial nerves CN VII, XII, IX, X, XI.
Most injuries most remain undetected or resolve. Vagus (CN
X) and hypoglossal (CN XII) nerves appear the most com-
monly affected. Vagus nerve injury usually involves recur-
rent laryngeal nerve causing vocal cord paralysis and
infrequently the superior laryngeal nerve causing dysphagia
and aspiration. In 2.7% of patients, the hypoglossal nerve is
disrupted as it crosses the carotid artery leading to ipsilateral
tongue deviation or weakness. Glossopharyngeal nerve
damage can be serious and impair swallowing and decreased
gag reflex; this can result in aspiration. CN IX innervates the
carotid body baroreceptors leading do BP lability when
damaged.

25. What is cerebral hyperperfusion syndrome?

Cerebral hyperperfusion syndrome is a rare reperfusion
phenomenon that occurs with CEA and stent placement.
Several days after surgery patients experience severe uni-
lateral headache, hypertension followed by seizures and
focal neurologic defects, and rarely intracerebral hemor-
rhage. MRI is the most sensitive test for diagnosis. Man-
agement includes antihypertensive and seizure medications.
Steroids may have role. Discontinuing antiplatelet therapy
should be considered.

26. Do patients require ICU admission after CEA?

Patient location postoperatively depends on the surgical
outcome with most patients being admitted to the standard or
moderate care units where they receive frequent vital signs
and neurological evaluations. Patients with unstable hemo-
dynamics or neurological symptoms require an ICU admis-
sion. A few centers discharge patients who had a stent
placement or an uncomplicated CEA home the same day
after an observation period [41].
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18Spine Surgery and Intraoperative Monitoring

Fenghua Li and Reza Gorji

CASE

69-year-old man presents with pain in his neck, shoulders
and arms, right-hand dexterity and difficulty walking.
A MRI image of his cervical spine reveals multilevel
degenerative changes and a high grade cervical stenosis with
significant cord compression at C3–4. He is scheduled for a
C3–7 posterior decompression with instrumented fusion
from C3 to T2.

Medications: Gabapentin 100 mg three times a
day

Tramadol 50 mg every 6 h if
needed

Hydrochlorothiazide 12.5 mg twice a day

Metoprolol 25 mg once a day

Losartan 50 mg once a day

Pantoprazole 40 mg twice a day

Crestor 10 mg twice a day

Allergies: NKDA

Past Medical History:

Cardiac: HTN, Hyperlipidemia

Pulmonary: Obstructive sleep apnea (OSA)

GI: Gastroesophageal reflux disease

Other: Chronic Pain

(continued)

Physical Exam:

Vital signs: BP 145/71, HR 56, RR 18, SpO2 95%, Weight
89.9 kg, Height 1.72 meters, BMI 30.4, obesity
class 1

Airway: Mallampati 3, limited neck extension and
flexion due to pain

Neuromuscular: Deltoid muscle weakness, positive hoffmann’s
bilaterally, spastic gait while walking, weakness
of lower legs

EKG: NSR, first-degree AV block, non-specific ST-T
changes

Otherwise: Insignificant

1. Describe the anatomy of the spinal column and spinal
cord

The spinal column is comprised of 33 vertebrae: 7 cer-
vical vertebrae, 12 thoracic vertebrae, 5 lumbar vertebrae,
sacrum (5 fused vertebrae), and coccyx (4 fused vertebrae).
Each vertebra, except C1, has a vertebral body, bilateral
pedicles, bilateral lamina, bilateral transverse processes, a
spinous process, and 4 articular processes. Vertebrae connect
to each other via superior and inferior facets and
inter-vertebrae disks. Two posterior lamina, two lateral
pedicles and vertebra body anteriorly form the vertebral
canal where the spinal cord lies. C1 (Atlas) lacks vertebrae
body and consists of an anterior arch and tubercle, posterior
arches, spinous process, and lateral masses. C2 (Axis) has a
strong odontoid process that articulates with C1.

The spinal cord is a continuation of the medulla at the
foramen magna and extends to the conus medullaris at the
first or second lumbar vertebra in the vertebral canal in
adults. On a cross-sectioned view, the cord is composed of
gray matter and white matter. The gray matter resembles the
shape of the letter H, surrounds the central canal, and con-
tains cell bodies of neurons. It is divided into four main
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columns: the dorsal horn, intermediate horn, ventral horn,
and lateral horn (see Fig. 18.1) [1]. The white matter con-
tains myelinated and unmyelinated nerve fibers that carry
information through the cord. The white matter is divided
into the dorsal column (or funiculus), lateral column and
ventral column. The cord has four regions (cervical, thoracic,
lumbar and sacral) and two bulges at the cervical and lumbar
region. The dorsal roots and ventral roots join together to
form 31 pairs of spinal nerves that exit from spinal foramen.
The spinal cord is surrounded with three meninges: pia,
arachnoid, and dura.

2. Which arteries supply blood to the spinal cord?

The anterior spinal artery, two posterior spinal arteries,
and radicular arteries are the main arteries that supply blood
to the spinal cord. The vertebral arteries at the medulla level
branch off to form the anterior spinal artery, which supplies
the anterior two-thirds of the cord, while the posterior spinal
arteries arising from either vertebral arteries or posterior
inferior cerebellar arteries on the same side supply the pos-
terior one-third. The radicular arteries that originate from the
segmental arteries of aorta further augment the blood supply
to spinal cord. The Artery of Adamkiewicz is the largest
segmental feeder in the thoracolumbar region. Injury to
those segmental arteries can cause anterior spinal cord
ischemia, resulting in paralysis.

3. How is blood flow to the spinal cord regulated?

The spinal cord blood flow (SCBF) is autoregulated and
kept relatively constant. Average SCBF is about
60 ml/100 g/min, but the blood flow to gray matter is four
times higher than in white matter. SCBF is well maintained
at the mean arterial blood pressure (MAP) between 60 and
120 mmHg [1]. Blood pressure that is lower than the

autoregulation lower limit causes ischemia to the spinal cord.
Hypoxia and hypercarbia increase SCBF, while hypocarbia
reduces SCBF.

4. What are the indications for spine surgery?

Spine surgery is indicated for following conditions:

(1) Degenerative spine pathology resulting neurological
dysfunction and pain, such as spondylosis, spondylotic
myelopathy, spinal stenosis, spondylolithesis, and disk
herniation;

(2) Spinal structure instability requiring stabilization, such
as vertebra fracture due to trauma or other pathology;

(3) Infection of spine, such as spinal abscesses and
tuberculosis;

(4) Spinal deformity, such as scoliosis;
(5) Spinal tumors, such as meningiomas and intraspinal

cord tumors;
(6) Spinal hematoma that compresses the spinal cord or

nerve roots;
(7) Inflammatory diseases, such as rheumatoid arthritis and

ankylosing spondylitis.

5. What is cervical spondylotic myelopathy?

Cervical spondylotic myelopathy (CSM) is a syndrome
produced by central spinal canal stenosis and compression of
the spinal cord due to cervical spondylosis, a progressive
degenerative process affecting the vertebral body and disk.
CSM is themost common cause ofmyelopathy in older adults.

The common possible manifestations are summarized [2]
as following:

(1) pain in the neck and subscapular or shoulder that
radiates to the arms;

Fig. 18.1 Anatomy of spinal cord (cross-section view). Reproduced from Stier et al. [1, Figs. 20–15], with permission from Elsevier
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(2) numbness, or paresthesia, in the arms;
(3) gait disturbance characterized by a spastic, scissoring

quality;
(4) sensory deficits related to the dorsal column;
(5) weakness in the lower extremities with upper motor

neuron characteristics (increased reflexes and muscle
tone, and the presence of the Babinski sign);

(6) lower motor neuron findings (weakness in the arms and
hands);

(7) bladder dysfunction;
(8) Lhermitte’s sign; an electric shock-like sensation in the

neck that radiates down to the spine and arms, pro-
duced by forward flexion of the neck.

Magnetic Resonance Imaging is used to confirm the
diagnosis. The Nurick grading system [3] classifies
the severity of CSM from the least severe, grade 1, to the
most severe, grade 5 based on gait abnormality (see
Table 18.1).

6. What is central cord syndrome?

Central Cord Syndrome (CCS) is the most common
incomplete spinal cord injury and is characterized by a
disproportionately greater motor impairment in the upper
extremities than in lower extremities, bladder dysfunction,
and various sensory losses below the level of injury. The
mechanism involves the compression of the cord by osteo-
phytes and infolded ligamentum flavum. Patients with CSM
can suffer CCS after minor neck injury without evidence of
spinal fracture. Hyperextension of neck should be avoided
during direct laryngoscope in patients with CSM to prevent
neurological damage.

7. What is the anterior cord syndrome? What is the
Brown-Sequard syndrome?

Anterior cord syndrome (ACS) results from injury to the
anterior spinal artery or compression of the anterior cord. It
is characterized by variable motor impairment, pain, and
temperature sensation impairment with preservation of pro-
prioception below the level of injury.

Brown-Sequard syndrome an incomplete spinal cord
injury and results from hemisection of spinal cord. It is
manifested as ipsilateral loss of motor and proprioception
with contralateral loss of pain and temperature sensation. It
usually occurs after penetrating trauma.

8. What is spinal shock?

Spinal shock is a neurogenic shock causedby an interruption
of sympathetic output from the spinal cord and unopposed
parasympathetic activity after acute spinal cord injury (SCI).
The severity of spinal shock is related to the severity and
completeness of SCI. Loss of sympathetic activity below the
level of injury results vasodilation and decrease in venous
return, leading to hypotension.Bradycardia can occur if the SCI
is above T6 level. Treatment includes fluid therapy and the use
of vasopressors to support blood pressure in order to maintain
MAP > 85 mmHgfor thefirstweek following the initial injury.

9. What is the American Spinal Injury Association
(ASIA) impairment scale?

The ASIA impairment scale is used to define the severity
of a spinal cord injury. It combines the sensory and motor
deficits with completeness of the injury to classify the injury
into five grades from Grade A to grade E. The ASIA
impairment scale evaluates and scores 10 key muscle groups
and 28 dermatomes for both light touch and pin prick.

Grade A: Complete injury; no motor or sensory function is
preserved in sacral segments S4-S5.
Grade B: Sensory incomplete injury; sensation is preserved
without motor function below the neurological level, and
includes S4-S5.
Grade C: Motor incomplete injury; motor function is pre-
served below the neurological level, and more than half of
the key muscle functions below the neurological level of
injury have a muscle grade <3.
Grade D: Motor function is preserved below the neurological
level; more than half of the key muscle functions below the
neurological level of injury have a muscle grade � 3.
Grade E: Normal.

Table 18.1 Nurick classification
of cervical myelopathy based on
gait abnormality

Grade Gait abnormality

1 Spinal cord disease with no problem working

2 Slight difficulty walking and cannot work full time

3 Difficulty walking and cannot work full time

4 Can only walk with help of frame walker

5 Chair-bound or bedridden

Modified from Abd-Elsayed and Farag [9, Table 9]
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10. What is the new neurological deficit (NND) rate for
spinal surgery?

Spinal surgery poses potential risks to the spinal cord,
nerve roots, caudal equina, and peripheral nerves. Although
the overall incidence of NND is small, the consequence of
neurological complications, such as spinal cord paralysis,
could be disastrous for both patient and family. Revision
surgery, spinal fusion, use of implants, and surgical
approach may affect the rate of NND. The most recent data
from the Scoliosis Research Society shows that the overall
rates of new nerve roots, cauda equina, and spinal cord
deficits for 108,419 patients were 0.61, 0.07, and 0.27% [4].

11. What is the mortality rate of spine surgery?

The mortality of spinal surgery is low and varies
depending on the location of the procedure. Lumbar spine
(range from 0.07 to 0.52%) and cervical spine surgery (range
from 0.1 to 0.8%) carry lower mortality compared to tho-
racic spine surgery (range from 0.3 to 7.4%) [5]. Recent
studies from the Scoliosis Research Society Morbidity and
Mortality database showed that the overall mortality rate is
1.8–1.9 per 1000 spinal deformity procedures [6, 7]. How-
ever, mortality increases in patients over 60 years of age.
High ASA scores, fusion and implants are associated with an
increased mortality rate. The main causes are respiratory
(respiratory failure, pneumonia, pulmonary embolism, etc.),
cardiac (cardiac failure, myocardial infarction, or cardiac
arrest), sepsis, multi-system organ failure, stroke, and blood
loss. Although mortality due to intraoperative blood loss
accounted for 4% of all mortality, it can be prevented if
careful planning and intraoperative management are
implemented.

12. What are the goals of intraoperative neuromonitor-
ing (IONM) during spine surgery?

There are three goals of IONM during spine surgery. The
principle goal of IONM is to prevent injury to the spinal cord
and nerve roots by way of surgical manipulation and
instrumentation. Secondly, IONM is used to prevent ische-
mia due to hypoperfusion to the spinal cord. The third goal is
to prevent peripheral nerve injury by way of inappropriate
positioning.

13. What is the somatosensory-evoked potential (SSEP)?
How does SSEP monitoring prevent spinal cord
injury during spinal surgery?

SSEPs are electric responses from peripheral nerve
stimulations. It was introduced in the 1980s and is indicated

for monitoring spinal cord integrity in scoliosis correction,
spinal cord tumor, spinal decompression, and instrumenta-
tion surgeries. SSEPs can be recorded along sensory path-
ways. Cortical SSEPs are recorded from the electrodes
placed on scalp according to the international 10–20 system.
The most common peripheral stimulating sites are the ulnar
or medium nerve for upper extremity SSEPs, and the pos-
terior tibia nerve or common peroneal nerve for lower
extremity SSEPs. SSEPs voltage is very small compared to
EKG and EEG; it requires averages to obtain high quality
waveforms for monitoring by reducing 60 Hz interferences.
SSEP is characterized as amplitude and latency that are
affected by many factors. SSEP waveforms P14 and N20
from upper extremity and N34 and P37 from lower
extremity are commonly used for monitoring. The baseline
SSEPs must be obtained before the surgical incision.

SSEPs are primarily mediated by the dorsal
column-medial lemniscal system. The anatomy of this sen-
sory pathway includes peripheral nerves, first-order neurons
in the dorsal ganglion, second-order neurons with nucleus
gracilis and cuneatus, third-order neurons in the thalamus,
and sensory cortex. Peripheral nerves enter the dorsal root
ganglion where primary sensory neurons receive sensory
input. The central axons of sensory neurons ascend ipsilat-
erally within the fasciculus gracilis and fasciculus cuneatus
to the caudal medulla where the neuron fibers synapse with
second-order neurons within the nucleus cuneatus and
nucleus gracilis. The axons of second-order neurons decus-
sate and ascend as medial lemniscus to third-order neurons
in the ventral posterior lateral nucleus of the thalamus. The
third-order neurons in the thalamus project axons to the
primary somatosensory cortex in the contralateral posterior
gyrus. When the peripheral nerves are stimulated, action
potentials propagate along the pathway and generate the
SSEPs that can be recorded. Any disruption to the sensory
pathway can lead to loss of SSEP production. Surgical
manipulation and instrumentation during spinal surgery
could result in spinal cord and nerve root injury. SSEP
monitoring will alert both the surgeons and anesthesiologists
for any impending spinal cord injury, thus allowing surgeons
to correct reversible causes in time, while the anesthesiolo-
gists affirm physiological and anesthesia stability.

14. What are the anesthetic effects on SSEP recording?

Anesthetics affect cortical SSEPs but have minimal effect
on subcortical SSEPs. The deeper the anesthesia is, the more
SSEPs are suppressed. It is very important to keep anesthetic
level steady state while SSEP’s are recorded.

(1) Halogenated inhalational anesthetics such as isoflurane,
sevoflurane and desflurane depress the amplitude of
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SSEP’s and prolong latency of SSEPs in dose depen-
dent fashion. Those agents affect cortical SSEPs more
than subcortical SSEP’s because more synapses are
involved in generating cortical SSEPs. In our practice,
we use less than 1 MAC of inhalational agent, and the
recordings of SSEPs are usually adequate for
monitoring.

(2) Nitrous oxide (N2O) produces an increase in SSEP’s
latency and decrease in amplitude of SSEPs. It affects
cortical SSEPs more than other halogenated agents at
equal potency. N2O use should be avoided if the cor-
tical SSEPs are desired for monitoring.

(3) Intravenous (IV) anesthetics have less effect on cortical
SSEPs. In general, IV anesthetics prolong SSEP
latency; all IV anesthetics, except etomidate and keta-
mine, decrease SSEP amplitude. Both etomidate and
ketamine increase SSEP amplitude.

(4) Muscle relaxants have no effect on SSEPs. Neverthe-
less, paralysis improves the quality of SSEPs
recordings.

15. What are the systemic factors, other than anesthesia,
that affect SSEP monitoring?

A patient’s blood pressure, temperature, hypoxia, and
anemia can significantly affect SSEPs.

(1) Hypotension causes reduced blood flow to the brain,
spinal cord and peripheral nerves. When blood pressure
drops to below threshold, blood supply to neural
structures is compromised. For example, when cerebral
blood flow is less than 18 ml/100 gm/min, cortical
SSEPs start to change. It is important to maintain the
patient’s blood pressure in line with the patient’s
baseline reading. The SSEPs recording is usually not
affected if mean arterial pressure is kept above
80 mmHg.

(2) Hypothermia reduces nerve conduction velocity and
prolongs SSEPs latency. When temperature drops
below 22 °C, the SSEPs’ signals begin to disappear [8].
Subcortical SSEPs are resistant to hypothermia.

(3) Hypoxia causes SSEP changes and SSEPs finally
disappears.

(4) Severe anemia of hematocrit less than 15% decreases
the amplitude, but can return to baseline if anemia is
resolved [9].

16. What alarm criteria are used during SSEP
monitoring?

Significant changes in SSEP responses should provide
alarming to surgeons, anesthesiologists, and monitoring

neurologists. A 10% increase in latency and a 50% reduction
in amplitude of SSEPs from the baseline are considered to be
alarming criteria. The changes in SSEP should be interpreted
within clinical context; systemic contributing factors and
technique problems resulting SSEP changes need to be
excluded.

17. In additional to spinal surgery, in what other clinical
condition is SSEP monitoring indicated?

There are other clinical conditions that may require SSEP
monitoring.

(1) SSEPs monitoring of brain ischemia is used in cere-
brovascular surgeries for aneurysm clipping, AVM
resection, and carotid endarterectomy.

(2) It is used for thoracic aorta aneurysm resection to
monitor spinal cord ischemia.

(3) SSEPs can be used for cortical mapping during tumor
resection.

18. What are the disadvantages of SSEP monitoring?

SSEPs monitor the integrity of the sensory pathway from
peripheral nerves to the primary sensory cortex.

(1) Injury to the motor pathway, including anterior spinal
cord, cannot be detected by SSEP monitoring.

(2) Anesthesia and physiological factors affect its record-
ing and interpretation.

19. What are motor evoked potentials (MEPs)? Which
neural structures are monitored by MEPs? Why is
MEP monitoring required during spinal surgery?

MEPs are electric responses to motor cortical stimula-
tion. The stimulation is either transcranial or direct cortical
via electric or magnetic stimulation. Transcranial electric
stimulation (TES) over the motor cortex is the most com-
mon method. MEPs are recorded along the motor pathway
at either the epidural site (D-wave) or at the muscle site as
compound muscle action potentials (CMAPs). Muscle
MEPs do not require the use of averages and are used for
spinal surgery. Transcranial MEPs (TcMEPs) are recorded
from the thenar, hypothenar and extensor carpi radialis
muscles in the upper arms, and tibialis anterior and aductor
halluces muscles in lower extremities, as well as other
muscle groups.

MEPs monitor the integrity of the motor pathway, con-
sisting of upper motor neuron system (UMN), lower motor
neuron systems (LMN), and peripheral muscle group. After
cortical stimulation, action potentials propagate along the
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corticospinal tract to the spinal cord and activate the anterior
horn neurons. The signals then travel along the peripheral
nerves and stimulate the muscle fibers to contraction.

The corticospinal tract is located in the dorsolateral
funiculus and is supplied by the anterior spinal artery.
SSEPs only monitor the sensory pathway that is located in
the dorsal column. Since SSEPs do not detect spinal cord
injury from the motor pathway due to surgical manipula-
tion or ischemia, MEPs monitoring is necessary to detect
potential motor pathway injury and prevent motor deficits.

20. What are the anesthetic effects on MEPs?

MEPs are depressed by anesthetics.

(1) Halogenated inhalational agents and N2O can inhibit
MEP responses at different sites that involve synapse
transmission, especially at the level of the cerebral cortex
and anterior horn cells. All inhalational anesthetics need
to be avoided if MEPs are recorded. However, the MEP
is recordable if less than 0.5 MAC of desflurane is used,
as was shown in a recent study [10].

(2) Intravenous anesthetics such as propofol, barbiturates,
dexmedetomidine, and benzodiazepines affect MEPs to
a lesser extent. They can increase latency and decrease
amplitude of MEPs. However, MEPs recording is
optimal during total intravenous anesthesia (TIVA).
Opioids, etomidate, and ketamine do not significantly
affect MEPs recoding.

(3) Muscle relaxants use inhibits or eliminates CMAP, thus
make MEP recording impossible.

In summary, TIVA with propofol and opioid infusion is
recommended if MEPs are recorded, while inhalational
anesthesia is suboptimal for MEP recording.

21. What other factors affect MEPs recording during
spine surgery?

Blood pressure and temperature can affect MEP record-
ings. Blood flow to brain and spinal cord is autoregulated to
keep constant CBF. When mean blood pressure (MAP) falls
to the lower limits of autoregulation (LLA), spinal cord
ischemia can occur. Comorbidity such as chronic hyperten-
sion and diabetes mellitus can change autoregulation mech-
anisms; cord perfusion may be affected by blood pressure
more directly, making it more sensitive to change. Hypoten-
sion can cause generalized MEP deterioration or loss. Thus, it
is important to keep a blood pressure at the patient’s baseline
during MEP recording. Moderate hypothermia to 31 °C sig-
nificantly reduces MEP amplitude, while deep hypothermia
renders MEP recordings impossible [11].

22. What muscle MEP changes warn of a pending spinal
cord injury?

A marked amplitude reduction or acute threshold eleva-
tion more than 100 mV or loss of MEPs is a warning sign
for spinal cord injury [11]. However, interpretation of
muscle MEPs needs consideration from stimulus techniques
and physiological effects.

23. What are the complications and contraindications of
MEP recordings?

MEP recording is invasive and has complications if
inappropriate use occurs. These complications include haz-
ardous outputs resulting in excitotoxic injury, electrochem-
ical injury, thermal injury to brain and scalp, bite injuries,
seizures, movement-induced injury, and arrhythmia.
Needle-stick injury occurs at a rate 0.34% [12] in OR staff,
especially with anesthesiologists, if subdermal needle elec-
trodes are used; so, non-needle electrode use is advocated.

Relative contraindications of TES for MEPs include sei-
zure disorders, skull defect, cortical lesions, increased
intracranial pressure, intracranial apparatus (vascular clips,
shunt or electrodes), and cardiac pacemaker.

24. What is the role of electromyography (EMG) during
spinal surgery?

Needle electrodes inserted at the motor point of the
muscle monitor activation. Since MEP only activates 3.1–
3.9% of lower motor units [13], the MEP does not represent
the whole segmental nerve roots motor function. EMG is
often used to monitor at risk nerve roots and peripheral
nerves during spinal surgery.

There two types of intraoperative EMG monitoring:
free-run or spontaneous EMG (EMG) and triggered EMG
(tEMG). EMG is more sensitive to retraction, irrigation, and
manipulation during surgery. However, EMG is not indicative
of nerve root injury. EMG also provides instantaneous feed-
back for the surgical team. tEMG monitoring is used in the
pedicle screw placement and direct nerve root stimulation
using a hand held stimulator to determine if the pedicle screws
have breached the pedicle wall or are in closer proximity, and
thus posing a risk of injury to the existing nerve roots.

Factors affecting EMG recording include anesthesia and
electrical interferences:

(1) Anesthesia effect: Muscle relaxants use may abolish the
EMG activity, so deep paralysis during the EMG
recording should be avoided and train of four should
indicate at least of 3 out of 4 twitches for EMG to be of
value;
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(2) Electrical interference: Electrical interference prevents
EMG recording during cauterization.

Alarm criteria [13] during EMG monitoring:
Normal EMG response is absent of activity. Relevant

activities include spikes, bursts or trains. Spikes and bursts
do not often represent neural insults, but significant activity
patterns may indicate impending nerve injury.

This activity can be characterized as:
(1) Phasic or a burst pattern consisting of a single or

nonrepetitive asynchronous potentials which are often
complex and polyphasic in configuration, (2) Tonic or train
activity consisting of periods of prolonged or repetitive
synchronously grouped motor units discharge that last up to
several minutes, and (3) The alarm threshold for tEMG
varies. In general, pedicle screw placements associated with
a stimulation threshold greater than 10 mA suggest the
pedicle wall is intact. Direct nerve not stimulation will have
an average threshold of 2.2 mA.

25. Which IONM modalities should be chosen for spine
surgery?

The choice of monitoring techniques depends on multiple
factors. First, the location of neural structure at risk is the
most important consideration (Fig. 18.2). For cervical and
thoracic spine surgeries, the spinal cord and nerve roots are
at risk, so the combination of SSEP, MEP, and EMG
monitoring is recommended. Since the spinal cord ends at
L1, nerve roots are at risk of injury during lumbar sacral
spinal surgery; SSEP and EMG are the most sufficient
monitoring techniques.

Second, sensitivity and specificity of modality need
careful consideration in choosing the monitoring tech-
nique. MEP is very sensitive and specific in detecting
impending neurologic injury. SSEP monitoring for

scoliosis surgery has 92% sensitivity and 98% specificity
for detecting new neurological deficits [14], but some
studies showed SSEPs had poor sensitivity in detecting
neurological injury. In general, multimodality IONM is
sensitive and specific in detecting intraoperative neuro-
logical injury during spine surgery, and it is recommended
to use multimodality IONM when the spinal cord or nerve
roots are at risk.

Third, the choice of IONM modality also depends on the
availability of anesthetic technique. MEPs and cortical SSEP
are very sensitive to anesthetics, especially when inhala-
tional anesthetics are used; however, subcortical SSEP and
EMG are relatively insensitive to general anesthesia. Muscle
relaxants use deteriorates conditions for MEP and EMG
recording. Anesthesiologists need to keep close communi-
cation with the IONM technologist and surgeon to choose an
appropriate anesthesia technique that optimizes the acquisi-
tion IONM signals.

Fourth, availability of qualified IONM technologists is an
absolute requirement. A surgeon’s preferences and under-
standing of the IONM techniques plays a great role in the
choice of monitoring modalities as well.

26. Why is multimodality IONM used in spine surgery?

The goal of IONM in spine surgery is to preserve neural
function. Since SSEP, MEP, and EMG have their own
strengths and disadvantages, a combination of the three
modalities provides global assessment of functional integrity
of the nervous system from the cortex to the spinal cord,
nerve roots, and peripheral nerves. Multimodality IONM
improves patient outcome in complex spine surgery. Use of
SSEP and MEP monitoring has more than 90% sensitivity
and specificity in detecting spinal cord injury and has
become the standard care in scoliosis patients undergoing
corrective surgery.

Fig. 18.2 Choices of IONM in spine surgery based on structure at
risk. SSEPs Somatosensory-evoked potentials; MEPs motor evoked
potentials; sEMG spontaneous electromyography; tEMG trigged

electromyography. Adopted from Gonzalez et al. [25], with permission
from the American Association of Neurological Surgeons
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27. What are your preoperative concerns for major
spine surgery?

Major spine surgery involves multiple spine levels and
carries higher mortality and morbidity [15]. Careful
pre-anesthesia evaluations should be done according to the
American Society of Anesthesiologists (ASA) guideline [16]
and a multidisciplinary approach is needed to optimize
patients undergoing a major spine surgery.

First, a patient’s comorbidities should be assessed and be
optimized. The patient for major spine surgery often has
many comorbidities including HTN, smoking, obesity, dia-
betes mellitus, renal disease and coagulation abnormality.
Comorbidities increase a patient’s risk in major spine sur-
gery. Care from other specialists needs to be coordinated to
ensure patient readiness.

Second, patients with a history of coagulation problems,
such as a bleeding disorder, need a consultation by a
hematologist; patients need to have type and crossed blood
available.

Third, communication between the operative surgeon and
anesthesiologist is essential. The discussion needs to include
length of the procedure, expected blood loss, strategies for
blood loss reduction, use of intraoperative neuromonitoring
(IONM), postoperative patient care, possible staging the
procedure, etc.

Fourth, screening for contraindications for intraoperative
neuromonitoring should be done preoperatively. The need
for an intraoperative wake-up test should be discussed with
patients who are going to have major spinal surgery.

Lastly, a neurological exam related to spine disease needs
to be done to document any preexisting neurological deficits.

28. What preoperative laboratory tests would you like to
order?

The preoperative studies are dictated by findings of a
patient’s history and physical exams. The cardiac study
should follow the 2014 AHA/ACC guideline on periopera-
tive cardiovascular evaluation and management of patients
undergoing non-cardiac surgery. Basic metabolic panels,
hemoglobin/hematocrit, and coagulation panel including
PT/PTT/INR, type and cross-match of blood need to be done
for major spine surgery.

29. How do you manage the airway in patients with
cervical spine disease?

The ASA difficulty airway algorithm serves as the
guideline in patients with cervical spine pathology. How-
ever, preventing spinal cord injury is a paramount task in
airway management for cervical spine surgical patients.

Careful airway evaluation needs to determine management
plans. In addition to the recommended airway exams, cer-
vical spine stability and risk of cord injury should be con-
sidered. Raw et al. [17] defines the C-spine instability as
following: (1) below C2: all anterior or posterior elements
are destroyed; or there is >3.5 mm horizontal displacement
of one vertebra to adjacent one on a lateral X-ray, or there is
more than 11° of rotation one vertebra to adjacent one.
(2) above C2: disruption of the transverse ligament of the
atlas; a Jefferson burst fracture of the atlas following axial
loading, which causes atlantoaxial instability; a disruption of
the tectorial and alar ligaments and some occipital condylar
fractures also cause atlanto-occipital instability. In patients
with rheumatoid arthritis, cervical inflammatory changes
result in atlantoaxial subluxation and basilar invagination.

The technique that has the least effect on cervical spine
movement should be applied to avoid spinal cord com-
pression. Studies have compared different types of airway
management devices, including the video-assisted laryngeal
scope. Among current techniques available, fiberoptic intu-
bation produces the least amount of movement to the cer-
vical spine. In patients with unstable cervical spines, such as
cervical spine fracture or dislocation, awake fiberoptic
intubation is required if the patient is cooperative. If awake
intubation is not possible, manual in-line stabilization
(MILS) is mandatory and should be applied in those patients.
Awake intubation is also needed if a neurologic examination
needs to be done after intubation, or use of a laryngoscope is
impossible.

Central cord syndrome can occur in patients with CSM
after minor injury without evidence of fracture. Avoiding
hyperextension during direct laryngoscope is important to
prevent cord injury.

30. What positions are used during spine surgery?

The position chosen for spine surgery is dependent on the
location of involved spine segments and surgical approa-
ches. Prone position is commonly used for spine surgery.
Supine position with upper extremities tucked on sides is
used for anterior approach surgery, such as anterior cervical
decompression and fusion. Lateral decubitus is occasionally
applied for spine surgery for anterior approach to thoracic
and lumbar spine. Double-lumen endotracheal intubation is
required for anterior thoracic spine surgery.

31. What are physiological effects of prone position?

The Prone position is used in posterior spine surgery and
poses a huge challenge to anesthesiologists. Cardiovascular
responses in prone position are reduced venous return to the
heart (due to increased abdominal pressure and pooling of
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venous blood in the lower extremities), and increased sys-
temic and pulmonary vascular resistance. The left ventricular
ejection and cardiac index may decrease in prone position.
Thus, hemodynamic instability can occur when turning
patient prone from supine position. CVP is not accurate to
monitor fluid status in prone position.

Respiratory effects in the prone position include restriction
of the diaphragm by abdominal contents and weight against
thorax, increased peak airway pressure and airway edema.
Oxygenation, however, may improve with prone positioning
due to improved ventilation and perfusion match. The effects
of prone position on cardiovascular responses and respiratory
mechanics are frame-dependent. The Jackson table provides
the most stable hemodynamics and lung compliance does not
increase because of abdomen freedom.

Other risks are pressure sores, blindness, air embolism
(cervical spine surgery), difficulty securing endotracheal
tube, and peripheral nerve injuries including brachial plexus
and lateral femoral cutaneous nerve.

32. What monitors will you choose to use in major spine
surgery?

ASA standard monitors should be applied to spine sur-
gical patients. An arterial line pressure monitor is indicated if
spinal cord perfusion pressure monitoring is desired, espe-
cially spinal cord compression or significant hemodynamic
fluctuation due to blood loss is expected. Arterial pulse
pressure (PPV) monitoring is indicated if goal directed fluid
therapy is intended to avoid fluid overload during major
spine surgery. Central venous access is required in patients
without adequate peripheral intravenous access or expected
significant blood loss.

33. What anesthetic technique do you choose for this
patient with IONM?

It depends on the IONM modality chosen for monitoring.
Since total intravenous anesthesia (TIVA) best facilitates
cortical SSEP and MEP recordings, TIVA consisting of
propofol and remifentanil, or fentanyl infusion is a common
choice to maintain anesthesia during spine surgery with SSPP
and MEP monitoring. If SSEP and EMG are used for moni-
toring, inhalational anesthetics up to 1 MAC may be used for
maintenance of anesthesia. Dexmedetomidine has a minimal
effect on both SSEPs and MEPs and is sometime added into
the anesthesia regime to reduce total amount of propofol use.

34. Will you use bispectral index (BIS) monitoring?

BIS is a processed EEG device and measures the hyp-
nosis of hypnotic drug effect that reflects anesthesia depth.

BIS values range from 0 to 100. A BIS value of 100 indi-
cates a full awake state, while a BIS 0 value indicates no
brain activity. BIS 40–60 corresponds to an anesthesia state
and prevents intraoperative awareness during propofol
infusion. BIS guided titration of anesthesia reduces drug
overdose and facilitates earlier emergence during TIVA.

35. What are your considerations in reducing allogeneic
blood transfusion (ALBT)?

Significant blood loss can occur in major spine surgery
that involves decompression, osteotomy and fusion. A high
Elixhuser comorbidity score, thoracolumba fusion, and
number of fusion levels are strong predictors of ALBT in
spinal fusion in Unites States [18].

The methods currently used in decreasing blood trans-
fusion in spine surgery are:

(1) Perioperative use of antifibrinolytics, such as
epsilon-aminocaproic acid (EACA) and tranexamic
acid (TXA). EACA 100 mg/kg loading dose followed
by 10 mg/kg/hr infusion is recommended; TXA is used
with a loading dose of 10 mg/kg followed by infusion
of 1 mg/kg/hr till the end of case

(2) recombinant factor VII
(3) cell saver use
(4) hemodilution and preoperative autologous donation
(5) preoperative use of erythropoietin

Intraoperative application of antifibrinolytics and cell
saver are common strategies in reducing blood loss and
transfusion in our institution. Both EACA and TXA are
equally effective.

Increased abdominal pressure is associated with increased
blood loss. Positioning the patient with the abdomen free is
important to reduce intraoperative blood loss.

36. What are your considerations in fluid management
during spine surgery in the prone position?

Intraoperative fluid management is essential and can
affect patient outcome when major spine surgery is done in
the prone position. Cardiac index decreases in the prone
position due to reduced venous return and left ventricle
compliance. CVP is not accurate in the prone position;
however, the ability of pulse pressure variation (PPV), a
predictor of fluid responsiveness, is not affected by prone
position [19]. PPV is useful in monitoring fluid status.

Crystalloids are used for fluid maintenance, with Lactate
Ringer’s being the preferred. Large quantities of normal
saline should be avoided due to the risk of hyperchloremic
metabolic acidosis. Colloids are generally used for the

18 Spine Surgery and Intraoperative Monitoring 129



replacement of blood loss; Albumin is preferred to hydrox-
yethyl starch in major spine surgery.

Among the strategies of fluid therapy, goal direct fluid
therapy is probably the best method to maintain proper
intravascular volume without fluid overload. Fluid overload
in major spine surgery in prone position is a major problem
resulting in increased facial edema, delayed postoperative
extubation, and increased length of hospital stay.

37. After 30 min into surgery, left upper extremity SSEP
amplitude reduction is detected. What should you do
now?

SSEP can detect peripheral nerve injuries secondary to
inappropriate positioning. At early exposure during the
surgery, changes in SSEPs should not result from spinal cord
injury due to surgical manipulation; once the technical
problems are excluded, the upper extremities and shoulder
position need to be inspected to ensure there is no com-
pression on the brachial plexus.

38. The loss of MEPs is noticed immediately after rod
tightening followed by decrease in SSEP amplitude.
What is your management now?

After confirming that there are no technical problems, the
anesthesiologist needs to check the anesthesia level, blood
pressure and temperature to rule out causes by anesthesia and
physiologic events. The mean arterial blood pressure needs to
be raised tomore than 80 mmHg, or near 120%of the patient’s
baseline levels (awake). The correlation of change to surgical
location and manipulation time should be validated. The
surgeon has to inspect the surgical sites for possible com-
pressing forces, instrumental positioning, implant positioning
and examine the structure alignment with the X-ray. Reposi-
tioning the implant, reduction in correction force needs to be
done by the surgeon if technical and physiological factors are
excluded out. If the IONM alarm continues after loosening the
rods, whichmay take several minutes to recovery, cessation of
the procedure and a wake-up test should be considered to
confirm the changes. Patient needs to follow verbal command
to move extremities during the wake-up test.

39. What is your plan for extubation after 7 h of
surgery?

ETT extubation should be very cautious and needs to fol-
low the ASA difficulty airway algorithm after long duration of
spinal surgery in prone position. Preoperative airway exams,
intubation grade view, airway/facial edema after prone posi-
tion, and effect of surgical instrumentation on c-spine motion
should be considered before extubation. If facial, lip, and

tongue edema are visible, a leak test may help determine the
severity of trachea edema and swelling. If there is no leak
around ETT after deflation of the balloon, the patient should
not be extubated until airway edema recedes. The leak test has
low predictive value; however, the positive air leak around of
the ETT does not insure the safe extubation.

40. What is postoperative vision loss (POVL)? What can
be done to prevent it?

POVL is a rare but devastating complication associated
with spine surgery in the prone position. The incidence of
POVL is about 3.09–9.4 per 10,000 in spine surgical patients
[20, 21]. The main cause of POVL is ischemic optic neu-
ropathy (ION), and other causes include central retinal artery
occlusion and cortical blindness.

Decreased optic nerve perfusion due to increased inter-
stitial fluid accumulation and venous outflow reduction in
the globe may be the mechanism of ION. A POVL study
group in 2012 has identified risk factors [22] that contribute
to POVL in spinal surgery patients: male sex, obesity, use of
Wilson frame, longer anesthesia time, greater estimated
blood loss, and colloid usage as a percentage of non-blood
replacement are risk factors. Anemia and hypotension were
not confirmed to be risk factors of POVL in this study.

To enhance the awareness and to reduce frequency of
POVL associated with spine surgery, the American Society of
Anesthesiologists (ASA) published the Practice Advisory on
POVL in 2006 that has been updated in 2012 [23]. Patients
who undergo spine surgery while in the prone position, and
those who have long procedures and experience substantial
blood losses, are at high risk. High-risk patients should be
identified preoperatively and POVL risk should be discussed
with these patients. Intraoperatively, the patient’s head should
be positioned at or above the level of the heart whenever
possible, and be maintained in neutral position. Direct com-
pression of globes is avoided. Hypotension and severe anemia
(HCT <28) should be avoided.

Staging procedures may be considered in patients who
have experienced significant blood loss. Colloids, along with
crystalloids, are recommended for fluid resuscitation. Post-
operatively and in cases of high-risk patients, the anesthe-
siologists should check the patient’s vision. An urgent
ophthalmology consult should be obtained if vision concerns
present while patient is being optimized. Consider MRI and
CT of head to rule out any intracranial causes.

41. How do you manage postoperative pain after major
spine surgery?

Postoperative pain management after spine surgery
begins with the preoperative evaluation. Pain treatment
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history, analgesics (especially narcotic use) and antidepres-
sants need a detailed review and documentation. If the
patient has a history of chronic pain and narcotic use, a pain
consult should be obtained for intraoperative and postoper-
ative pain management. Multimodality pain management is
recommended for patients undergoing spine surgery.
Preemptive analgesia, such as preoperative gabapentin use,
and local anesthetic infiltration prior to incision reduce
postoperative pain. Intraoperatively, propofol anesthesia
produces less postoperative pain compared to sevoflurane
[24]. Use of an NMDA receptor such as ketamine has an
opioid sparing effect. Postoperatively, intravenous opioids
are still the main medication for postoperative pain man-
agement. Intrathecal morphine at the end of the case if fea-
sible is safe and effective analgesic method. Non-opioids
including NSAIDs, acetaminophen, antidepressants, etc.,
can be used to supplement pain control.
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19Transsphenoidal Hypophysectomy

Saraswathy Shekar

CASE: Transsphenoidal Hypophysectomy
A 63-year-male with headaches, visual disturbances, and

hoarseness of voice presents to the hospital. He reports new
onset of diabetes and joint pains. His wife reports excessive
snoring during sleep. His medical history includes

Medications: Simvastatin 20 mg oral daily

Lisinopril 20 mg oral daily

Glyburide 10 mg oral daily

Allergies: NKA

Past Medical
History:

Hypertension

Hyperlipidemia

Obesity

Recent admission with Congestive heart
failure

Remote smoker

Physical Exam: Mandibular

Large coarse facial features

Airway examination: Mallampatti Class 3

CVS S1 S2

BP 170/100 HR 100 RR20

Weight 140 kg, Height 6′, BMI 41.8 kg/m2

EKG Left ventricular hypertrophy

1. What is the anatomy of the pituitary gland?

The pituitary is located within the sella turcica which is
the bony roof of the sphenoid sinus. It is made up of the
glandular anterior adenohypophysis and posterior neurohy-
pophysis. It is extra dural. The infundibulum, which contains

the neurovascular bundle, extends from the hypothalamus to
the pituitary gland.

The optic chiasma is above the pituitary gland. On either
side of the pituitary are the cavernous sinuses. The cranial
nerves III, IV, V, and VI and the cavernous portion of the
carotid arteries are on either side of the pituitary within the
cavernous sinuses (Fig. 19.1) [1].

2. What are the hormones secreted by the pituitary?

The anterior pituitary secretes six hormones: Adreno-
corticotropic hormone (ACTH), thyroid-stimulating hor-
mone (TSH), growth hormone (GH), follicle-stimulating
hormone (FSH), luteinizing hormone (LH), and prolactin
[1].

The posterior pituitary contains nerve endings, which
release oxytocin and vasopressin (Antidiuretic hormone
ADH), which are formed in supraoptic and paraventricular
nuclei of the hypothalamus. Hypothalamic osmoreceptors
and peripheral stretch receptors regulate secretion of ADH.

The hypothalamus regulates the anterior pituitary through
hypothalamic-releasing factors, which travel down the portal
venous system in the pituitary stalk.

3. What are the common types of pituitary tumors?

Pituitary adenomas are classified by size. Tumors that are
greater than 1 cm are macroadenomas. Tumors less than
1 cm are microadenomas. They are also classified as func-
tioning or non-functioning. Prolactin, ACTH, and GH
secreting tumors are more common than TSH or FSH
secreting tumors.

4. What are the clinical presentations of non-functioning
pituitary tumors?

Non-functioning adenomas comprise 40% of pituitary
adenomas [2].
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Examples of non-functioning adenomas include cranio-
pharyngiomas, Rathke’s cleft cyst, chromophobe adenomas,
or meningiomas. About 50% of craniopharyngiomas occur
in childhood.

They may present with mass effects like hypopitu-
itarism, headaches, and visual deficits from compression
of optic chiasma (typically bi-temporal hemianopia)
[1, 2].

Fig. 19.1 Anatomy of the pituitary gland. a Schematic midline sagittal view of the sella turcica, pituitary, gland, and infundibulum. b Schematic
coronal view of the cavernous sinuses, ICA, internal carotid artery; CN, cranial nerve. Reproduced from [8]
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5. What are the clinical presentations of functioning
tumors?

Functioning tumors produce excess secretion of pituitary
hormones [2], hyperprolactinemia, acromegaly, Cushing
disease hyperthyroidism or diabetes insipidus [2].

Either functioning or non-functioning pituitary tumors
can in rare instances cause raised intracranial pressure
(ICP) by directly compressing the third ventricle and the
patient may present with signs of raised ICP like headache,
nausea, vomiting, and papilledema [1].

Pituitary tumors may present with pituitary apoplexy due
to sudden enlargement of the tumor or hemorrhage into
tumor.

Extension into the cavernous sinuses can produce
diplopia, ophthalmoplegia, ptosis, and facial sensory syn-
dromes due to cranial nerve involvement [1, 2].

Hydrocephalus can occur from compression of third
ventricle from suprasellar extension.

6. What are the findings in a patient with prolactin
secreting tumor?

Prolactinomas are the most frequently occurring
hyper-functioning pituitary adenoma. Hyperprolactinemia in
women causes amenorrhea, loss of libido, and infertility [1].

In men it causes decreased libido, erectile dysfunction,
premature ejaculation, and oligospermia

7. What are the concerns in a patient with growth hor-
mone secreting tumors?

Growth hormone secreting tumors can produce gigantism
in patients before epiphyseal plates are fused and Acrome-
galy in adults [2].

Patients with acromegaly have cardiovascular, respira-
tory, endocrinologic, and musculoskeletal issues, which
need to be addressed [1–3].

Cardiovascular issues:

(a) Maybe from interstitial myocardial fibrosis
(b) Hypertension
(c) Cardiac hypertrophy,
(d) Diastolic dysfunction, conduction defects like bundle

branch block
(e) Cardiomyopathy
(f) Congestive heart failure

Respiratory:

(a) Coarse facial features can cause difficult mask
ventilation

(b) Thickening of laryngeal and pharyngeal tissues leading
to reduction of glottis opening

(c) Macroglossia
(d) Prognathism and malocclusion
(e) Hypertrophy of epiglottis, aryepiglottic folds, and ary-

tenoid cartilage
(f) All of the above contribute to obstructive sleep apnea

and difficulty in airway management.

Endocrine:

(a) Diabetes is common
(b) Glucose intolerance

Musculoskeletal:

(a) Arthritis
(b) Vertebral hypertrophy
(c) Osteophyte formation of cervical spine and reduced

range of motion of neck
(d) Osteoporosis
(e) Enlargement of hands and feet
(f) Carpal tunnel syndrome

8. What is the cause of hoarseness in acromegaly?

The causes of hoarseness in acromegaly patients can be
possible laryngeal stenosis, or recurrent laryngeal nerve injury.

9. What is the grading for airway involvement in acro-
megaly patients?

Four grades of airway involvement are described [4]:

(a) Grade 1—no significant involvement
(b) Grade 2—nasal and pharyngeal mucosa hypertrophy

but normal cords and glottis
(c) Grade 3—glottic involvement including glottic stenosis

or vocal cord paresis
(d) Grade 4—combination of grades 2 and 3, i.e., Glottic

and soft tissue abnormalities

Grade 3 and 4 may need to awake fiberoptic intubation
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10. What are the features of adrenocorticotrophic hor-
mone (ACTH) excess?

ACTH excess produces Cushing‘s disease [1, 3], which is
characterized by

(a) Truncal obesity, moon face
(b) Obstructive sleep apnea
(c) Coronary artery disease
(d) Glucose intolerance
(e) Osteoporosis
(f) Myopathy, skin fragility and difficult intravenous

access.
(g) Hypertension, left ventricular hypertrophy.
(h) Exophthalmos due to retro orbital fat deposition
(i) Electrolyte abnormalities like hypernatremia, hypoka-

lemia, and alkalosis

11. What is the preoperative work up for a patient
presenting for a Transsphenoidal Hypophysectomy?

A detailed history and physical specifically for signs and
symptoms of endocrine hypo- or hyper-function [2, 5].

Endocrine tests:

(a) Adrenal axis screening—Serum Cortisol, ACTH,
Dexamethasone suppression test, 24-h urinary-free
cortisol, Synacthen test

(b) Serum Prolactin, LH, FSH, and testosterone levels in
men

(c) Serum GH
(d) Insulin-like growth factor GF1 sensitive for acromegaly
(e) Serum TSH, free thyroxine

Serum electrolytes, Complete blood count
Radiology
MRI
Visual fields and visual acuity tests
Evaluate for presence of intracranial hypertension
Sleep studies for evaluating sleep apnea
Cardiac workup including EKG, Echocardiogram especially
for patients with acromegaly and Cushing’s disease

All preoperative neurologic and cranial deficits are
assessed and documented.

12. What is pituitary apoplexy and what is the
management?

A large bleed into the pituitary associated with a
macroadenoma or a rapidly growing macroadenoma causes
infarction and produces symptoms of pituitary apoplexy [2].

The patient presents with severe headache visual field
deficits, ophthalmoplegia, shock, and altered consciousness.

Cavernous sinus compression by the tumor can cause
venous stasis and pressure on any of the structures within.

This is a medical emergency and management consists of
steroids, intravenous fluids, thyroxine, and neurosurgical
consult for possible urgent surgical decompression.

Endocrinology should be consulted for management of
panhypopituitarism. These patients are extremely sensitive
to anesthetic agents and will need pressors to support blood
pressure intraoperatively.

13. What is the management of pituitary tumors?

All patients are to be evaluated by an endocrinologist
[1, 3].

Medical management:
Dopamine agonists like bromocriptine for hyperpro-

lactinemia. Patients with hyperprolactinemia respond very
well to medical management [1].

Somatostatin analogs like Octreotide and Lanreotide can
be used to decrease secretion of growth hormone in patients
with growth hormone producing tumors

Replacement therapy for management of hypopituitarism
is with hydrocortisone and thyroxine

Patients with signs and symptoms of raised intracranial
pressure have to be treated with mannitol, diuretics and
steroids [1].

Surgery:
Pituitary resection can be performed through Transsphe-

noidal (endo nasal or sub labial) and transethmoidal
approaches.

Transcranial approach is used for larger tumors or part of
a staged approach

Patients with visual loss need emergent surgical
decompression

Radiotherapy:
Gamma knife or brachytherapy can work for some of

these tumors [1, 6].

14. What are the indications for Transsphenoidal
Hypophysectomy?

Microadenomas and most macroadenomas are amenable
to transsphenoidal hypophysectomy [6].

Tumors, which are larger or extending laterally into the
cavernous sinus, may require an open bifrontal craniotomy

Some larger asymmetric tumors with suprasellar,
parasellar, retrosellar, and subfrontal extension may need a
staged approach. The primary procedure is performed
through transsphenoidal approach and residual tumor is
resected in a subsequent transcranial approach [6].
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15. What are advantages of the Transsphenoidal route?

It is the least traumatic to the sella and avoids any brain
retraction and visible scars [6].

It provides excellent visualization of pituitary gland.
It offers lower morbidity and mortality rate as compared

to a transcranial procedure.
Decreased frequency of blood transfusions.
It allows for a shorter hospital stay.

16. What is the anesthetic plan and the concerns intra-
operatively for this procedure?

This procedure requires general anesthesia with two large
bore intravenous access and arterial line for invasive blood
pressure monitoring. Standard monitoring like EKG, non-
invasive blood pressure, end tidal carbon dioxide (ETCO2),
and pulse oximetry are used.

Airway management and tracheal intubation in acrome-
galy may need large masks and longer laryngoscope blades.

Fiberoptic intubation should be considered in patients in
whom difficult airway management is predicted [4].

The endotracheal tube is taped to the lower jaw and to the
left. Reinforced endotracheal tubes maybe preferred.

The surgeon packs the nose with vasoconstrictor, usually
4% cocaine or infiltrates the nasal mucosa with lidocaine and
epinephrine. This can cause hypertension, tachycardia, car-
diac arrhythmias, and EKG changes like ST elevation
compatible with coronary ischemia. This may be treated
with boluses of labetalol or metoprolol [1, 3].

Standard general anesthetic is used with short acting
narcotics like remifentanil for rapid emergence. 1. During
this surgery it is important to ventilate to normocapnia
because excessive hyperventilation will result in loss of
brain bulk and make any suprasellar extension of the tumor
less accessible from below. The surgeon will ask for a
Valsalva maneuver for helping to push the suprasellar por-
tion of the tumor into the sella [6].

A throat pack is also placed by the surgeon to absorb
blood.

The abdomen is prepped for fat pad harvesting.
In patients with visual disturbances secondary to com-

pression of optic chiasma adequate perfusion pressure must
be maintained by the use of vasopressors. This can be done
with an infusion of phenylephrine. Stress dose steroids are
administered usually hydrocortisone.

Intraoperatively urine output and electrolytes are moni-
tored to watch out for development of diabetes insipidus.

The surgeon may ask the anesthesiologist to perform a
Valsalva maneuver at the end of tumor resection to detect
cerebrospinal fluid (CSF) leak. If there is a leak, fat pad
harvested from the abdomen is placed in the tumor bed [6].

A lumbar drain maybe placed to reduce CSF rhinorrhea. If
there is a CSF leak there is a risk of the optic chiasma
herniating into the sella.

Since the approach is through the nasopharynx, there can
be bleeding which needs to be suctioned. The throat pack is
removed prior to extubation. The nose is packed at the end
of the procedure by the surgeon and the patient has to be
warned of this preoperatively.

This procedure can rarely be complicated by carotid
injury, which can be catastrophic. Blood must be readily
available.

17. How is the patient positioned in the operating room?

The patient is supine with the head elevated, extended and
turned slightly turned to the left. This promotes venous drai-
nage. The operating table is usually turned 90 degrees away.
The patient’s head is placed in a Mayfield holder, which can be
stimulating and may need extra analgesia such as a bolus of
remifentanil or propofol. Positioning in the operating room
table has to be done carefully in acromegaly and Cushing’s
disease patients because of osteoporosis and fragile skin.
Patients with exophthalmos need to have special protection of
eyes to prevent corneal abrasions. Computer-guided frameless
stereotaxy may be used to guide resection [6].

18. Describe the surgical approach of the Transsphe-
noidal pituitary resection

The surgeon follows the midline of the nose, removing
bone. He penetrates through the sphenoid air sinuses and
removes the floor of the pituitary fossa. The tumor is then
removed with an operating microscope.

19. Why is a lumbar drain placed in some of these
procedures?

In patients with very large tumors with suprasellar
extension a lumbar drain is placed to inject saline or air to
push the suprasellar part of the tumor into the intrasellar
operative field. This allows for more complete excision of
the tumor [6].

20. What are the postoperative concerns?

These patients cannot undergo mask ventilation after
extubation because of the danger of pneumocephalus.
Therefore, it is prudent to emerge the patient completely
awake with regain of spontaneous respirations Nasal airways
or nasogastric tubes should not be placed. Laryngeal mask
airways must be readily available if patients need brief
periods of ventilation.
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Acromegaly and Cushing’s patients with obstructive
sleep apnea need close postoperative monitoring. Continu-
ous Positive Airway Pressure (CPAP) or Bi-level Positive
Airway Pressure (BIPAP) is contraindicated after this [1, 3].

These patients need close observation to observe visual
disturbances and symptoms of hypopituitarism [7].

Medications for nausea and vomiting are given
prophylactically.

Preoperative hormone replacements need to be continued
postoperatively. The endocrinologist follow-up is essential

21. What are the complications of Transsphenoidal
Hypophysectomy?

(a) Cerebrospinal fluid leak is the most common compli-
cation [6].

(b) Inadvertent carotid injury
(c) Carotid cavernous fistula
(d) Injury to the cavernous sinus
(e) Cranial nerve palsy
(f) Tumor recurrence
(g) Hypopituitarism
(h) Venous air embolism
(i) Diabetes Insipidus
(j) Empty sella syndrome may present with visual impairment
(k) Hydrocephalus may follow after removal of tumors

with suprasellar extension.
(l) Epistaxis, nasal septal perforation

(m) Meningitis

22. What is Diabetes insipidus?

Diabetes insipidus (DI) is produced when there is deficiency
of ADH. It may occur intra- or postoperatively within first 24
hours in patients having pituitary surgery [6]. The patient has
polyuria, accompanied by polydipsia. There is low urine osmo-
larity (less than 300 mosm/kg) and elevated serum osmolarity
(greater than 295 mosm/kg) urine-specific gravity is less than
1.005. Serum sodium is elevated. DI maybe self-limiting and
secondary to handling of the pituitary stalk (stalk effect)

Accurate recording of fluid intake and output must be
done

Patient may need DDAVP, a synthetic analog of vaso-
pressin. Early diagnosis is important to avoid hypernatremia
and dehydration [6].

23. What is Syndrome of Inappropriate ADH secretion?
(SIADH)

This syndrome is due to lesions in the region of the
supraoptic and paraventricular nuclei that impair hypothalamic
osmoreceptors. This results in elevated ADH release [6].

This syndrome is characterized by

(a) Hyponatremia(less than 135 meq/l)
(b) Low serum osmolarity
(c) Normal renal excretion of sodium
(d) Elevated urine osmolarity (greater than 20 mmol/l)
(e) Absence of volume depletion
(f) All other causes of non-osmotic released ADH such as

hypotension, hypovolemia, positive pressure ventila-
tion, pain, and drugs like narcotics must be ruled out.

(g) Treatment is with fluid restriction.
(h) In severe cases (Serum Sodium less than 120 meq/l)

hypertonic saline (3%) is administered slowly.
(i) Rapid correction of serum sodium can lead to central

pontine myelinolysis.

24. What is Cerebral salt wasting Syndrome? (CSW)

CSW is one of the causes of hyponatremia associated
with intracranial disease [6].

It is responsive to volume and salt loading.
These patients have concentrated urine; the urine sodium

[Na] usually is greater than 20 mEq/L.
Non edematous.
Normal uric acid.
Hypovolemic compared to patients with SIADH.

25. What are causes and signs of Venous Air Embolism?
(VAE)

In this procedure there is a small risk of VAE since the
head is elevated and there is entry into the air containing
sphenoid sinus [7].

VAE is more common in the sitting position and posterior
fossa surgery where the venous channels are open.

The greater the pressure gradient between the cerebral
veins and the right atrium and lower the central venous
pressure, the greater is the tendency for air to enter to enter
the open venous sinuses.

The signs are tachycardia, hypotension, and sudden fall
in End tidal Carbon di oxide (ETCO2) as the entrained air
(about 5 ml/kg) occludes the right ventricular outflow
tract, rise of end tidal Nitrogen, EKG signs of right
ventricular strain, dysrhythmias, and cardiovascular
collapse.

26. How do you detect and manage VAE?

The precordial Doppler ultrasound is the most sensitive
indicator for venous air embolism but not specific or
quantitative. It is cumbersome to use and has false negatives
[7].
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The TEE (Transesophageal echocardiogram) is the most
sensitive indicator of VAE. It can detect air in left heart and
aorta but needs special expertise

Management is:

(a) Increase inspired Oxygen to 100%
(b) Head down, Left lateral decubitus
(c) Stop further entrainment.
(d) Surgeon floods the field with saline.
(e) Aspirate from Right atrial catheter if present
(f) Vasopressors
(g) Intravenous fluids
(h) Cardiopulmonary resuscitation
(i) Hyperbaric oxygen therapy for cerebral embolism.
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20Depolarizing Neuromuscular Blocking Agents

Caroline S. Gross and Zhiling Xiong

CASE:

A 54-year-old female presents to the emergency department
after a fall on ice. On presentation she is initially awake and
oriented, reporting that she slipped on her way out of a
restaurant with her husband. She struck her head against the
concrete sidewalk, but otherwise has no obvious injuries.
During evaluation in the ED, she becomes progressively
more confused and obtunded. Head CT reveals subdural
blood. She is taken to the OR for emergency evacuation of
the subdural hematoma.

Medications

ASA 81 mg daily

Lisinopril 10 mg daily

Simvastatin 40 mg daily

Sertraline 100 mg daily

Coumadin 5 mg daily

Tylenol PRN

Allergies

No Known Drug Allergies

Past Medical History

Hypertension

Hyperlipidemia

Depression

DVT diagnosed 1 month ago following left knee replacement, on
Coumadin

(continued)

Osteoarthritis

Past Surgical History

C-section

Laparoscopic appendectomy

Left total knee replacement

Physical Exam:

Vital signs: BP 128/90 HR 70 BPM RR 18 SpO2 95% on
room air

General: The patient is lying in bed, somnolent, opening eyes to voice
but not following commands

Head/Ears/Eyes/Nose/Throat: abrasion over right forehead

Cardiovascular: Regular rate and rhythm, no murmurs

Pulmonary: CTA bilaterally

Abdominal: Soft, nontender, nondistended

Extremities: Mild swelling of left calf, well healed surgical scar on
left knee

Neuro: Arousable, disoriented to place and time, uncooperative with
exam but no obvious lateralizing exam findings

Laboratory studies:

Na 138 K 5.2 Cl 108 HCO3 22 BUN 28 Cr 1.7

WBC 8K Hematocrit 35% Platelets 180

Coagulation studies are pending

The decision is made to proceed to the operating room for
emergency evacuation of subdural hematoma. Rapid
sequence induction is performed with propofol, fentanyl,
and succinylcholine.

1. What is the mechanism of action of succinylcholine?

The succinylcholine molecule consists of two acetyl-
choline molecules linked to each other at the acetyl portion
of the molecule. This structural similarity to the endogenous
acetylcholine molecule accounts for its ability to exert effects
similar to acetylcholine at nicotinic acetylcholine receptors.
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Nicotinic acetylcholine receptors exist in both neuronal and
muscle forms. The receptors themselves are composed of
five transmembrane subunits, which form a central cation
pore. Clinically, succinylcholine acts on the muscle nicotinic
acetylcholine receptors. It binds to these acetylcholine
receptors at the neuromuscular junction, causing opening of
the ion channel in the receptor and membrane depolarization
leading to skeletal muscle fasciculations. This is followed by
a rapid desensitization of the receptor and inactivation of the
ion channels, preventing propagation of action potentials and
manifesting clinically as flaccidity. Unlike the acetylcholine
molecule, which is broken down in <1 ms, succinylcholine
remains at the neuromuscular junction. This causes a neu-
romuscular blockade which lasts for about 5–10 min, until
the succinylcholine molecule is metabolized [1].

2. How is succinylcholine metabolized?

Succinylcholine is normally broken down through
hydrolysis by pseudocholinesterase (also known as plasma
cholinesterase or butyrylcholinesterase) into succinylmono-
choline and choline. Pseudocholinesterase is synthesized in
the liver. There are many conditions that can lead to reduced
plasma activity of this enzyme, including pregnancy, oral
contraceptives, liver disease, uremia, malnutrition, or
plasmapheresis. The decrease in plasma cholinesterase in
these cases can lead to a slight increase in the duration of
action of succinylcholine, which is generally clinically
irrelevant. Obese patients have increased plasma cholines-
terase activity [2].

3. What is the onset and expected duration of action of
succinylcholine?

The peak onset of a dose of 1–2 mg/kg is achieved in less
than 60 s. The time to peak onset will be longer if lower
doses are used. Spontaneous respirations and diaphragmatic
contraction generally will resume after about 5 min. Full
recovery of neuromuscular function is dose dependent, and
is about 10–12 min after a dose of 1 mg/kg [2].

4. What is the clinical significance of abnormal plasma
cholinesterase?

Mutations in the gene that codes for plasma cholinester-
ase can result in abnormal enzyme activity, and therefore
prolonged duration of neuromuscular blockade following
succinylcholine administration. Significant prolongation of
succinylcholine’s activity occurs when an individual is
homozygous for the abnormal allele. The incidence is

estimated to be 1: 2000. More commonly, an individual may
be heterozygous for the abnormal allele (incidence about
1:30). Patients who are homozygous can have a neuromus-
cular blockade lasting up to 2–6 h. In comparison, individ-
uals who are heterozygous for the abnormal allele will have
a slightly prolonged paralysis [3].

5. What is the dibucaine number?

Dibucaine is a local anesthetic that is known to inhibit
normal plasma cholinesterase by 80%. In individuals who
are homozygous for the atypical plasma cholinesterase, the
activity of the enzyme is only inhibited 20%. In individuals
who are heterozygous inhibition is about 50–60%. The
dibucaine number therefore reflects the levels of normally
functioning plasma cholinesterase. It will not be affected by
conditions that cause a decrease in the quantity of normal
plasma cholinesterase (i.e., liver disease, pregnancy). It is, in
other words, a qualitative rather than quantitative test [3].

6. What are some of the potential negative side effects of
succinylcholine administration?

Minor: fasciculation, myalgia, increased intragastric
pressure

Major: anaphylaxis, sinus bradycardia, asystole, tachy-
cardia, elevation in intracranial pressure, increased intraoc-
ular pressure, hyperkalemia, trismus

7. What is the appropriate dose of succinylcholine?

Generally, a dose of 1.0 mg/kg will yield excellent
intubating conditions within 1.5 min of succinylcholine
administration. It is important to remember that an increased
dose may be required if the patient is pretreated with a small
dose of a nondepolarizing neuromuscular blocking agent [4].

In the obese patient, it is generally recommended that
succinylcholine be dosed according to total body weight.
Dosing based on ideal or lean body weight has been asso-
ciated with suboptimal intubating conditions. This is in part
due to increased plasma cholinesterase activity in the obese
patient [5].

8. What is the incidence of anaphylaxis related to suc-
cinylcholine administration?

The incidence of anaphylaxis related to succinylcholine
administration is estimated to be between 1:5000 and 1:
10,000. It is felt to be one of the most common causes of
anaphylaxis in patients receiving general anesthesia.
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9. Is there a risk of administration of succinylcholine to
a patient with elevated intracranial pressure?

There is a theoretical potential for succinylcholine to
cause an elevation in intracranial pressure (ICP), which is of
concern in a patient with abnormal intracranial compliance.
The clinical significance of this increase is debated. While
succinylcholine may cause increases in ICP, it is important
to remember that both hypoxemia and hypercarbia can lead
to increased cerebral blood volume and similarly cause an
increase in intracranial pressure. In addition, inadequate
neuromuscular blockade and depth of anesthesia at the time
of intubation can also cause elevations in ICP. Some studies
suggest that pretreatment with a small dose of nondepolar-
izing NMBA may attenuate potential increases in intracra-
nial pressure when succinylcholine is used [2].

10. How much can the serum potassium be expected to
rise following administration of an intubating dose of
succinylcholine?

In general, serum potassium is expected to increase by
about 0.1–0.5 mEq/L within a few minutes of succinyl-
choline administration.

11. Is succinylcholine contraindicated in a patient with
renal failure?

The rise in serum potassium following administration of
succinylcholine in patients with renal failure is not exag-
gerated. Succinylcholine can safely be administered to
patients with renal failure, provided that serum potassium is
not abnormally elevated [6].

12. Should rapid sequence induction and intubation be
performed with succinylcholine or rocuronium?

This is not a straightforward question and should be
addressed on a case-by-case basis. If there are clear con-
traindications to succinylcholine, then a rapid sequence
intubation dose of rocuronium becomes a more obvious
choice. The patient described in the case scenario above is
presenting for emergency surgery and, given her NPO status
and risk for aspiration of gastric contents, requires a rapid
sequence intubation. However, there are some concerns
about succinylcholine administration in this case. Her
potassium is already somewhat elevated, and as previously
stated, we expect that succinylcholine will cause a slight
increase in her serum potassium. It is unlikely that her serum

potassium will reach a dangerous level, given that the
starting value is 5.1, but this is important to keep in mind. It
is also important to avoid further elevations in intracranial
pressure in a patient with abnormal intracranial compliance,
and, as discussed previously, succinylcholine has the
potential to cause an increase in ICP. The need to rapidly
and reliably achieve optimal intubating conditions in this
patient is likely more important than the theoretical transient
increases in ICP. In regards to providing optimal intubating
conditions, most clinicians would reach for succinylcholine.
A recent Cochrane review (a meta-analysis which included
37 studies) concluded that succinylcholine produced supe-
rior intubation conditions to rocuronium. Interestingly, there
was no statistical difference in intubation conditions when
succinylcholine was compared to 1.2 mg/kg rocuronium.
However, succinylcholine was felt to be clinically superior,
particularly given its shorter duration of action [7].

13. What patient populations are at risk for
severe hyperkalemia following succinylcholine
administration?

Severe hyperkalemia, which can lead to cardiac arrest,
can occur in patients with the following pathologies:

• Extensive burns
• Prolonged immobility
• Muscle trauma
• Upper motor neuron lesions (stroke or cord injury)
• Lower motor neuron lesions (i.e., Guillain-Barré)
• Myopathy (muscular dystrophies)

The mechanism of hyperkalemia is believed to be an
up-regulation of skeletal muscle nicotinic acetylcholine
receptors in all cases except myopathies. Hyperkalemia in
patients with myopathy (i.e., Duchenne or Becker muscular
dystrophy) appears to result from rhabdomyolysis [8]. In the
other conditions, there is a proliferation predominantly of the
fetal-type nicotinic acetylcholine receptors. These receptors
differ from adult receptors in that they have a prolonged
opening of the ion channel leading to an exaggeration of
potassium efflux [3].

14. What are the potential cardiac side effects of
succinylcholine?

Sinus bradycardia and junctional rhythms can occur fol-
lowing succinylcholine administration, particularly in the
pediatric population. In addition, asystole can occur
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following a second dose of succinylcholine in both children
and adults. The mechanism of succinylcholine-induced
bradycardia is not entirely clear, but is believed to result
from the action of SCh at cardiac muscarinic receptors [3].

15. Can anything be done to prevent the fasciculation
seen following administration of succinylcholine?

A small dose of a nondepolarizing drug (10–30% of ED
95) administered 3–5 min prior to succinylcholine admin-
istration can reduce the likelihood of fasciculations and the
development of myalgia. Other interventions that have been
shown to decrease the incidence of fasciculations include
administration of magnesium, or lidocaine. NSAIDs can also
be administered to reduce the likelihood of developing
myalgias. Interestingly, studies have suggested that using a
slightly higher dose of succinylcholine (1.5 mg/kg rather
than 1 mg/kg) is associated with a lower rate of both fas-
ciculation and myalgias. Of note, there is not a clear asso-
ciation between fasciculation and myalgia. Should one
choose to pretreat with a small dose of a nondepolarizing
NMBA, it is important to be cognizant of potential side
effects (blurry or double vision, difficulty
breathing/swallowing), as well as the potential need for a
slightly increased dose of succinylcholine [9].

16. What are the characteristics of neuromuscular
blockade with a depolarizing NMBA?

Single twitch height is decreased during phase I blockade
with succinylcholine. In train of four stimulation (four
stimuli applied at 2 Hz every 0.5 s), four twitches will be
present, but all diminished in amplitude. There should not be
tetanic fade. Of note, anticholinesterase drugs augment
phase I blockade. See Fig. 20.1.

17. What is a Phase II Block?

A phase II block occurs after exposure to a high dose of
succinylcholine (e.g., an infusion, multiple doses). While the
mechanism of phase II blockade is not entirely clear, it
appears to occur following post-junctional membrane repo-
larization, but in a period when the membrane still does not
respond normally to acetylcholine. It resembles the blockade
of nondepolarizing neuromuscular blocking agents, in the
sense that both train of four and tetanic fade develop. While
a phase II blockade appears clinically similar to blockade
with nondepolarizing agents, it is generally wise to avoid
attempting reversal with anticholinesterase agents (i.e.,
neostigmine), as the response is somewhat difficult to pre-
dict. See Fig. 20.1 [10].

Fig. 20.1 Train-of-four (TOF) stimulation is often used for intraop-
erative monitoring of neuromuscular blockade. It is achieved by
delivering 4 electrical stimulations at 2 Hz every 0.5 s. This table
provides a schematic representation of the expected twitch response to
TOF stimulation in the presence of neuromuscular blockade. In the

presence of nondepolarizing blockade, the TOF stimulation demon-
strates fade of twitch height. In a phase I depolarizing blockade, the
twitch height is diminished, but no fade is present. In a phase II
depolarizing blockade, response to TOF stimulation resembles that of a
nondepolarizing blockade, again with fade of twitch height

146 C.S. Gross and Z. Xiong



18. What is the significance of trismus following suc-
cinylcholine administration?

Trismus refers to spasm of the jaw muscles and can be
seen following succinylcholine administration, most com-
monly in the pediatric population. In some cases, rigidity
may be so severe that it can prevent the clinician from
opening the patient’s mouth. The other concern is that
masseter rigidity may be the first sign of malignant hyper-
thermia. Succinylcholine is a well-known triggering agent of
malignant hyperthermia in susceptible individuals. Masseter
spasm is by no means diagnostic of malignant hyperthermia,
but its occurrence should prompt the clinician to maintain a
high index of suspicion for potential progression to malig-
nant hyperthermia [10].

19. Are there concerns about administering succinyl-
choline in the pediatric population?

Succinylcholine is generally avoided in the pediatric
population. There is particular concern about the use of
succinylcholine in young male patients, given the potential
for previously undiagnosed Duchenne-type muscular dys-
trophy (an X-linked hereditary disease). There have been
multiple case reports of hyperkalemia, rhabdomyolysis, and
cardiac arrest following administration of succinylcholine in
children with muscular dystrophy [2]. Another reason to
avoid succinylcholine in pediatric patients is its propensity to
cause bradycardia in this patient population.
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21Nondepolarizing Neuromuscular
Blocking Agents

Erin Bettendorf and Zhiling Xiong

CASE: 27-year-old man with a history of asthma presenting
with 12 h of abdominal pain, anorexia, nausea, and vomiting
and found to have acute appendicitis. He is scheduled for an
emergent laparoscopic appendectomy.

PMH: Asthma
PSH: Tonsillectomy and adenoidectomy, age 6
Allergies: NKDA
Medications: Albuterol, montelukast
FH: Maternal aunt “took a long time to wake up” from
anesthesia

Questions

Is neuromuscular blockade beneficial in this case?
Why or why not?

Muscle relaxation is useful in a variety of surgeries including
laparoscopic cases such as this. When used during induction,
muscle relaxants help provide optimal intubating conditions
by inhibiting contraction of the muscles attached to the vocal
cords, allowing for ease of passage of the endotracheal tube.
Additionally, neuromuscular blockers can improve surgical
conditions in many instances, facilitating the safe and effi-
cient completion of the surgery.

Where is the site of action of neuromuscular blocking
drugs?

Neuromuscular blockers act at the acetylcholine receptor,
located largely in the neuromuscular junction. The receptors
are composed of five subunits—two alpha subunits, one
beta, one delta, and one epsilon. Acetylcholine binds to the
alpha subunits, as do most neuromuscular blocking medi-
cations. There are two classes of acetylcholine receptors—
nicotinic and muscarinic. Nicotinic receptors are located on
skeletal muscle and autonomic ganglia and are the site of
action of neuromuscular blocking medications. Muscarinic
acetylcholine receptors are found throughout the body in
smooth muscle, the SA and AV node in the heart and in the
secretory glands.

Describe the process of normal signaling at the neu-
romuscular junction leading to muscle contraction.

The transmission of a signal begins with an action potential
moving down a nerve causing calcium influx through volt-
age gated calcium channels. The sudden increase in intra-
cellular calcium leads to the movement of acetylcholine-
containing storage vesicles from the cytoplasm to the cell
membrane. At the cell membrane, the vesicles fuse and
release acetylcholine into the neuromuscular junction. The
acetylcholine molecules cross the junction and bind to
nicotinic acetylcholine receptors at the motor end plate. In
order for a conformational change to occur in the nicotinic
acetylcholine receptor, both alpha subunits making up the
receptor must have an acetylcholine molecule bound to
them. Once two acetylcholine molecules are bound, the
receptor conformational change opens an ion channel,
allowing sodium and calcium to move into the cell and for
potassium to move out. The movement of these ions causes a
change in potential across the cellular membrane. When
enough receptors are triggered and a large enough potential
difference exists across the perijunctional membrane,
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depolarization occurs. This leads to opening of sodium
channels on the muscle cell membrane, causing calcium to
leave the sarcoplasmic reticulum. This sudden increase in
intracellular calcium allows actin and myosin to interact and
cause muscle contraction.

What is the difference between a mature acetylcholine
receptor and an immature or fetal receptor?

The immature acetylcholine receptor is found in fetal muscle
and contains a gamma instead of epsilon subunit. Immature
acetylcholine receptors are also called extrajunctional
receptors because they can also be located outside of the
neuromuscular junction when found in adults.

How is acetylcholine metabolized?

As acetylcholine molecules diffuse away from the nicotinic
receptors on the motor end plate, the molecules are rapidly
broken down in the neuromuscular junction by the enzyme
acetylcholinesterase into choline and acetate. The choline
can then be taken up by the presynaptic membrane and
converted back into acetylcholine. Acetylcholinesterase is
located at the motor end plate adjacent to the acetylcholine
receptors.

What are the two broad categories of neuromuscular
blocking agents?

The two classes are depolarizing and nondepolarizing mus-
cle relaxants. Succinylcholine is the only depolarizing neu-
romuscular blocking drug in clinical use. There are several
different nondepolarizing muscle relaxants, examples of
which include rocuronium, vecuronium, cisatracurium, and
pancuronium.

What is the mechanism of action of depolarizing
muscle relaxants?

Structurally similar to acetylcholine, depolarizing neuromus-
cular blockers (succinylcholine) bind at the acetylcholine
binding site (alpha subunits) and cause propagation of an
action potential. Unlike acetylcholine, however, depolarizing
muscle relaxants are not broken down by acetylcholinesterase.
This results in longer binding, leading to which increases the
time until themotor end plate can repolarize and causes a short
period of muscle relaxation. Thus, they are competitive ago-
nists at the acetylcholine receptor.

How is succinylcholine metabolized?

When administered to a patient, the majority of a dose of
succinylcholine is metabolized before ever reaching the
neuromuscular junction. It is broken down quickly and
efficiently by plasma pseudocholinesterase (also known as

butyrylcholinesterase). The fraction that does reach the
neuromuscular junction can then bind the acetylcholine
receptor and cause its clinical effects. Subsequently, suc-
cinylcholine will redistributes from the neuromuscular
junction and is rapidly broken down.

What can alter the duration of action of
succinylcholine?

The normal onset of succinylcholine is 30–90 s and the
duration of action is 3–5 min. However, this can be signif-
icantly lengthened in a variety of situations. Pseudo-
cholinesterase deficiency decreases the amount of enzyme
available to break down succinylcholine. For patients who
are heterozygous for an atypical pseudocholinesterase gene,
the duration of succinylcholine can be 20–30 min. For
homozygous patients, a single dose of succinylcholine can
cause paralysis for several hours.

There are several acquired forms of prolonged action of
succinylcholine. Decreased activity of butyrylcholinesterase
can be seen in patients with liver disease, pregnancy, kidney
disease and from various medications (ex: cholinesterase
inhibitors, metoclopramide, esmolol, cyclophosphamide,
oral contraceptives, echothiophate). Patients with hypother-
mia will have prolonged duration of action. Giving a high
dose of succinylcholine or an infusion can also lengthen the
action of succinylcholine.

What are the side-effects of succinylcholine?

Succinylcholine has several significant and potentially sev-
ere side-effects. However, with appropriate planning and
patient selection, the risk of this medication can be reduced.
Histamine release can be seen in some patients, but is gen-
erally mild and transient.

Hyperkalemia occurs with succinylcholine administration
as a result of efflux of potassium into the extracellular space
with muscle contraction. In some patients, this hyperkalemia
can cause life-threatening arrhythmias.

Fasciculations are visible muscle contractions that can be
seen in many patients, indicating muscle relaxation. They
often do not occur in patients with low muscle mass, elderly
patients, and children. Patients may develop myalgia as a
result of uncoordinated muscle contraction. Pretreatment
with a nondepolarizing neuromuscular blocker will decrease
fasciculations, but its effect on myalgias is controversial.
Contractions of the abdominal wall can lead to increased
intragastric pressure. This is offset by increased lower eso-
phageal sphincter tone, resulting in no increased risk of
aspiration. Increased intracranial pressure occurs with suc-
cinylcholine, but can be reduced if with nondepolarizer
pretreatment. Increased intraocular pressure is not altered by
nondepolarizing medications and is independent of
fasciculations.
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Succinylcholine is the only neuromuscular blocking
medication that can be a trigger for malignant hyperthermia.

As a structural analog of acetylcholine, succinylcholine
can bind to and effect receptors in the parasympathetic and
sympathetic nervous system. Smaller doses stimulate the
parasympathetic system predominantly, causing bradycardia
and decreased inotropy. Larger doses can cause increased
heart rate. The cardiovascular effects are often limited in
adults. However, children are at increased risk for
succinylcholine-induced bradycardia, which can be severe.
Prior to administration of succinylcholine in children, atro-
pine can be given prophylactically.

Which patients are at increased risk for hyperkalemia
from succinylcholine administration and why?

In patients with acute nerve or tissue damage, increased
production of immature acetylcholine receptors occurs at
extrajunctional locations. When succinylcholine is given,
these extrajunctional receptors depolarize along with the
mature acetylcholine receptors at neuromuscular junctions,
causing increased levels of potassium release from the
intracellular compartment. In a healthy patient, potassium
levels can increase by 0.5 meq/L with the administration of
succinylcholine. In patients with preexisting tissue damage,
this increase can be significant and potentially
life-threatening. Conditions in which this increased risk
exists include burn injuries, spinal cord injuries, cerebral
vascular accidents, severe trauma, intracerebral or spinal
cord masses, severe infections, significant metabolic acido-
sis, prolonged immobilization and myopathies such as
Duchenne’s muscular dystrophy.

Describe the mechanism of action of nondepolarizing
neuromuscular blockers.

Nondepolarizing muscle relaxants bind the alpha subunit of
the acetylcholine receptors at the neuromuscular junction.
Hence, they are competitive inhibitors of the acetylcholine
receptor. By preventing the binding of acetylcholine, the
movement of ions and the change in potential across the
postsynaptic membrane of the neuromuscular junction,
paralysis occurs.

What are the two categories of nondepolarizing
muscle blockers used in clinical practice?

One group is the benzylisoquinolines, which include the
drugs mivacurium, atracurium and cisatracurium. The other
group includes the steroidal medications—rocuronium,
vecuronium, and pancuronium.

What are the durations of action of the various clini-
cally available nondepolarizing muscle relaxants?

Rocuronium—at larger doses initial doses, onset is short
(1–2 min) and intermediate duration of action
Vecuronium—onset in 2–3 min and intermediate to long
duration
Pancuronium—onset in 2–3 min and long duration
Atracurium—onset in 2–3 min and intermediate duration
Cisatracurium—onset in 2–3 min and intermediate duration

How are the nondepolarizing muscle relaxants each
metabolized and eliminated?

Rocuronium is not metabolized, only excreted. Excretion
occurs primarily through the liver with a contribution from
the kidneys. In patients with severe liver failure, decreased
liver mass (i.e., elderly) or pregnancy, rocuronium duration
of action can be prolonged.

Vecuronium undergoes partial metabolism in the liver
and is eliminated via the kidneys and in bile. Renal failure
can prolong its duration of action.

Pancuronium is metabolized to a limited degree in the
liver and is excreted renally.

Atracurium is broken down by Hofmann degradation and
ester hydrolysis. Given this significant metabolism, only a
small fraction ultimately is eliminated via the kidneys and bile.

Cisatracurium is exclusively metabolized by Hofmann
elimination. It is independent of kidney or renal function,
giving it a consistent duration of action.

What is Hofmann Elimination?

Hofmann degradation is a nonenzymatic, spontaneous
breakdown of a compound. It occurs at normal physiologic
pH and temperature in vivo. Both atracurium and cisa-
tracurium undergo Hofmann elimination.

What are the side-effects of pancuronium?

Pancuronium can increase heart rate, blood pressure and
cardiac output via vagolysis. It has increased risk of
arrhythmias compared to other medications in its class. It
also has a long duration of action, making it less useful in
many surgical settings compared to similar medications.

What are the features of mivacurium?

Mivacurium is a benzylisoquinoline derivative. It is a short
acting neuromuscular blocking drug. The onset is usually
3–5 min and its duration of action is approximately
10–20 min. It is the only nondepolarizer that is metabolized
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by pseudocholinesterase. Thus, patients who have either
atypical plasma cholinesterase or pseudocholinesterase
deficiency will have a prolonged duration of action of
mivacurium in a similar manner to succinylcholine.

Does neostigmine reverse the neuromuscular block-
ade caused by mivacurium?

Because the anticholinesterase drug neostigmine not only
inhibits true cholinesterase but also the pseudocholinesterase,
there is concern about the possibility that neostigmine might
paradoxically prolong the duration of mivacurium action.
However, most experts believe that the benefits of increasing
the concentration of acetylcholine produced by neostigmine
to compete for the binding sites on the nicotonic cholinergic
receptor in the neuromuscular junction should outweigh the
inhibition of the activity of plasma pseudocholinesterase and
therefore the action of mivacurium may be reversed. Con-
ventional wisdom says that no reversal agent is needed given
the fact that mivacurium is such a short acting drug.

Which neuromuscular blocker(s) have active
metabolites?

Atracurium and cisatracurium metabolism produce lau-
danosine. Laudanosine has been shown to cause central
nervous system excitation. This excitation has the potential
to cause increased minimum alveolar concentration
requirements for inhalation anesthetics and may even cause
seizures. Laudanosine is metabolized in the liver and
excreted in urine and bile, so patients with hepatic failure are
at increased risk of laudanosine toxicity.

Which nondepolarizing muscle relaxants cause his-
tamine release?

Like succinylcholine, several nondepolarizers are capable of
triggering histamine release. They are tubocurarine >
metrocurine > atracurium = mivacurium. Slow administra-
tion of the medication and/or pretreatment with H1 and H2

antihistamine drugs reduce this side effect.

Should any of the nondepolarizing muscle relaxants
be avoided in our patient? Why or why not?

Atracurium can cause bronchospasm and should be avoided
in asthmatic patients. It causes a dose-dependent release of
histamine. There are also reports of atracurium-induced
bronchospasm in patients without asthma.

How will you gage the depth of neuromuscular
blockade?

To determine the level of muscle relaxation, a peripheral
nerve stimulator is commonly used at the ulnar or facial

nerve, evaluating the adductor pollicis and orbicularis oculi,
respectively. To determine a “train of four,” four electrical
stimuli of 2 Hz are given over 2 s. When four twitches are
present, the ratio of the fourth twitch compared to the first
twitch gives an indication of the level of residual neuro-
muscular blockade. A ratio of less than 0.9 is considered to
be residual blockade.

Tetany involves a single stimulus that lasts at least 5
seconds. Sustained tetany is often done with 50–100 Hz.

What is post-tetanic potentiation?

After sustained tetany, there is a transient increase in twitch
height, such as with a train of four, immediately afterward.
The possible cause of this is increased acetylcholine in the
neuromuscular junction.

Which sources of neuromuscular blockade monitoring
correlate with which muscle groups?

Monitoring of the facial nerve and assessing a train of four in
the orbicularis oculi correlates with return of diaphragmatic
function. The adductor pollicis correlates well with the
return of function of the muscles of the larynx.

How will you determine if the patient’s neuromuscu-
lar blockade is reversible?

When a patient has four twitches on train of four stimula-
tions, they are reversible. Reversal agents can take up 10–
15 min or even longer in the cases of more significant
muscle relaxation, to reach peak effect and to fully reverse
the patient’s muscle relaxation.

What will you use for reversal and why?

Reversal of neuromuscular blockade should include both a
cholinesterase inhibitor and an anticholinergic agent. The
most commonly used cholinesterase inhibitor is neostig-
mine. It is a lipid-insoluble agent that cannot cross the
blood–brain barrier. Its onset is 5–7 min and duration of
action is approximately 1 hour. If neostigmine is used to
reverse a long-acting muscle relaxant, it is possible that its
reversal effect could wear off before the neuromuscular
blocking medication, resulting in recurarization.

What are potential side-effects of reversal agents?

Cholinesterase inhibitors can cause several significant
side-effects through the resulting increased levels of acetyl-
choline stimulating muscarinic receptors. In the cardiovas-
cular system, they cause bradycardia. They lead to
bronchospasm and increased secretions in the lungs. The
gastrointestinal system will have increased secretions, sali-
vation, and intestinal spasm. Increased rates of postoperative
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nausea and vomiting can result from cholinesterase inhibitor
administration. Constriction of the pupils is an ophthalmo-
logical side effect.

Physostigmine is a cholinesterase inhibitor that can cross
the blood–brain barrier. If given to patient, it can cause
cerebral excitation. The most commonly used cholinesterase
inhibitor, neostigmine, does not cross the blood–brain
barrier.

How can the side-effects of cholinesterase inhibitors
be minimized?

The administration of anticholinergic medications helps to
mitigate several side-effects of cholinesterase inhibitors such
as neostigmine. Anticholinergic drugs used in combination
with cholinesterase inhibitors function by acting largely at
the muscarinic acetylcholine receptors (as opposed to neu-
romuscular blocking drugs, which are used for their effect on
nicotinic acetylcholine receptors). The recommended agent
to use in conjunction with neostigmine is glycopyrrolate
given their similar duration of action and the fact that they
do not cross the blood–brain barrier.

What is the difference between a phase I and phase II
block?

In a phase I block, which occurs after a single dose of
succinylcholine, peripheral nerve stimulation shows no fade
with train of four monitoring or sustained tetany. There is no
post-tetanic facilitation. Recovery is rapid from a phase I
block. A phase II block can occur after multiple doses of
succinylcholine or with an infusion. The cause of a phase II
block may be a result of repolarization of the neuromuscular
junction that does not respond normally to acetylcholine
given the persistent presence of succinylcholine. In a phase
II block, train of four and tetanic stimulation will show fade.
Recovery is variable but slower than with a phase I block.

What factors could contribute to prolonged neuro-
muscular blockade?

Inadequate reversal of muscle relaxants, either through
underdosing of reversal agents or administration of reversal
medications when the patient has not sufficiently recovered
from the neuromuscular blocker can contribute to weakness.
Additionally, there are several possible sources for

prolongation of neuromuscular blockade. Various medica-
tions can contribute to weakness including amiodarone,
verapamil, some antiretrovirals (zidovudine, lamivudine),
corticosteroids, statins, some antibiotics (penicillin, tetracy-
cline, aminoglycosides, and clindamycin), sulfonamides,
NSAIDs and dantrolene. Volatile anesthetics potentiate the
action of muscle relaxants. Hypothermia can worsen neu-
romuscular blockade. Multiple electrolyte disturbances can
play a role in muscle weakness, including hypophos-
phatemia, hypermagnesemia, hypocalcemia, and
hypokalemia.

What should be done to manage a patient with pro-
longed neuromuscular blockade?

If a patient has delayed recovery from muscle relaxation,
sedation should be continued and respiratory support pro-
vided until the neuromuscular blockade has worn off. In a
sedated patient, assessing for sustained tetany of at least 5 s
is recommended periodically to determine return of muscle
function.
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22Myasthenia Gravis

Huan Wang and Zhiling Xiong

Case:
A 52-year-old male with hyperlipidemia, myasthenia gravis,
and recent diagnosis of colon cancer presents for tumor
resection.

Medications Pyridostigmine 360 mg/day Simvastatin
40 mg nightly

Allergies NKA
Past Medical
History

Hyperlipidemia, Myasthenia Gravis,
Colon cancer

Physical Exam Ht: 175 cm Wt: 62 kg
VS Temp 36.9 °C BP 115/78 h 77 RR 16

Oxygen saturation: 98% on RA
Airway Exam Mallampati II, 2–3 fingerbreadth thyro-

mental distance, neck full range of motion,
mouth 4 fingerbreadth opening

Alert and oriented × 3, Cardiac and lung exam normal.
Abdomen soft, nontender, and non-distended. Strength is
normal in all major muscle groups.

1. What is the pathophysiology for myasthenia gravis?

Myasthenia gravis (MG) is an autoimmune disease of the
skeletal muscle neuromuscular junction (NMJ). It is caused
by circulating IgG autoantibodies resulting in destruction or
inactivation of the α-subunit of the muscle-type nicotinic
acetylcholine receptor (nAChRs), leading to decreased
ability for neural transmission, and consequently muscle
weakness and fatigue. Sparing of other α-subunits of

neuronal-type nicotinic acetylcholine receptors likely
accounts for the lack of autonomic or CNS involvement of
the disease [1].

Normally, the amount of acetylcholine released by the
presynaptic motor neuron decreases with repeated stimula-
tion, known as presynaptic rundown. In MG, the coupling of
presynaptic rundown and insufficient number of activated
postsynaptic receptors causes the characteristic fatigability
that improves with rest often described in the disease [2].

2. What are the mechanisms by which these antibodies
reduce the number of functional receptors in myas-
thenia gravis?

These antibodies reduce the number of functional recep-
tors by several mechanisms [3]:

(1) Receptor destruction by cross-linking of receptors with
the IgG antibodies.

(2) The antibody—receptor complex causes direct damage
to the NMJ membrane.

(3) Different antibodies target muscle-specific receptor tyr-
osine kinase at the NMJ, an enzyme responsible for the
arrangement of nAChRs, leading to developmental
malfunction.

3. What is the epidemiology of myasthenia gravis?

Myasthenia gravis is considered one of the most common
progressive autoimmune disorders of neuromuscular trans-
mission. The prevalence of myasthenia gravis has been cited
as 50–142 cases per 1 million people [4]. Interestingly, there
is a gender discrepancy by age group, wherein younger
populations (20–30 years old) females are more affected
than males, and in the elderly (>60 years old) males are
more frequently affected.

H. Wang (&) � Z. Xiong
Department of Anesthesiology, Perioperative and Pain Medicine,
Brigham and Women’s Hospital, 75 Francis Street, Boston,
MA 02115, USA
e-mail: hwang37@partners.org

Z. Xiong
e-mail: zxiong@partners.org

© Springer International Publishing AG 2017
L.S. Aglio and R.D. Urman (eds.), Anesthesiology,
DOI 10.1007/978-3-319-50141-3_22

155



4. What are the anatomical origins of myasthenia
gravis?

Due to the strong association between MG and hyper-
plasia of the thymus (more than 70% of MG patients have
thymus hyperplasia, and 10% have thymomas), the thymus
is hypothesized to be the origin of receptor-binding anti-
bodies. It is important to note, however, that thymectomy is
not curative in all patients, thus other potential sites of
antibody production have been postulated as well [5].

5. What are the classifications of myasthenia gravis?

There are four types of MG classifications based on the
skeletal muscles involved and the severity of the symptoms [6]:

Type I Ocular MG that is limited to involvement of the
extraocular muscles (*10%)
• Patients with confined ocular MG for longer

than 3 years are unlikely to experience pro-
gression of their disease.

Type II Skeletal muscles weakness
• Type IIa—Slowly progressive, mild form

– Spares the muscles of respiration
– Good response to anticholinesterase drugs

and corticosteroids
• Type IIb—Rapidly progressive, severe form

– Muscles of respiration may be involved
– Poor response to pharmacotherapy

Type III Acute onset and rapid deterioration of skeletal
muscle strength within 6 months
• Associated with a high mortality rate

Type IV Severe whole body generalized muscular
weakness
• Results from progression of type I or type II

6. What are the signs and symptoms of myasthenia
gravis?

MG is characterized by skeletal (voluntary) muscle
weakness and progressive fatigability after repetitive use,
with improvement following rest. It may be localized to
specific muscle groups or may be generalized. Symptoms
can vary throughout the day and have variable duration.

(a) Facial muscles weakness—ptosis and diplopia are often
the initial symptoms because skeletal muscles innervated
by cranial nerves (ocular, pharyngeal, and laryngeal) are
the most vulnerable.

(b) Bulbar muscles weakness—dysphagia, dysarthria, and
difficulty handling saliva place the patients at high risk
of pulmonary aspiration.

(c) Limb weakness—proximal muscles are affected more
severely than distal ones. The distribution of arm, leg, or
trunk weakness can occur in any combination and is
usually asymmetrical and patchy [5].

(d) Respiratory weakness—complete respiratory compro-
mise rarely presents in isolation, but is the defining
feature of myasthenic crisis.

7. What is the differential diagnosis of myasthenia
gravis? (Table 22.1) [6, 7]

8. What are the diagnostic tests for myasthenia gravis?
• Tensilon test (administration of anticholinesterase,

i.e., edrophonium)
– Positive if strength improves with inhibition of

cholinesterase. Works by increasing the amount of
acetylcholine available to interact with the decreased
number of postsynaptic nACRs, improving the
likelihood of adequate end-plate depolarization.

– Edrophonium is usually administered in small
doses (2-8 mg), and improvement is seen within
5 min and lasts for about 10 min.

• Electromyography
– Confirmed by the decremental response in com-

pound muscle action potential after repetitive
nerve stimulation.

• Radioimmunoassay
– Detection of anti-acetylcholine antibodies in the

serum, however, the antibodies may not be
detectable or not be present in all patients.

9. What are the treatments for myasthenia gravis?

Treatment of MG can be categorized into medical versus
surgical methods:

Medical:

• Anticholinesterase drugs—first line of treatment
– Mechanism: Inhibit enzyme responsible for hydroly-

sis of acetylcholine, therefore increasing the amount
of neurotransmitter available at the NMJ.
Pyridostigmine (Mestinon)
Most widely used as it is well tolerated orally, with
few muscarinic side effects and has a long duration of
action.
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Onset is around 30 min with peak effect in 2 h and
overall duration around 3-6 h
Dosing-tailored to response (max dose 120 mg PO
q3hrs), 30 mg PO = 1 mg IV/IM
Higher dosages may actually induce muscle weak-
ness, leading to cholinergic crisis
Confirmed by onset of muscarinic side effects (sali-
vation, miosis, bradycardia), accentuated muscle
weakness after administration of edrophonium

– Although anticholinesterase drugs benefit most
patients, the improvements may be incomplete and
may wane after weeks or months of treatment.

• Immunosuppression—indicated when muscle weakness
not adequately controlled by anticholinesterase drugs
– Mechanism: Prevent the destruction of nAChRs at the

motor end plate [8]
Corticosteriods—most commonly used and most
consistently effective, but also associated with the
greatest likelihood of adverse effects [9]
Azathioprine or Cyclopsorine—can be used in
patients who do not respond or cannot tolerate corti-
costeroids [10]

• Short-Term Immunotherapy
– Plasmapheresis—used for short-term symptomatic

improvement in patients who are experiencing
myasthenic crisis, respiratory compromise, or are
being prepared for thymectomy [11]
Mechanism: removes antibodies from the circulation,
allowing receptors to proliferate
Transient effects, improvement occurs over days with
decreased ventilatory dependence
Repeated treatments could lead to increased risk of
infection, hypotension, and pulmonary embolism.

– Immunoglobulins—same indications and mechanism
as plasmapheresis

Does not have effect on circulating concentrations of
acetylcholine receptor antibodies.

Surgical:
• Thymectomy—goal is to induce remission or at least

reduce the dosage of pharmacotherapy [12]
– Mechanism: Speculative, hypothesized removal of

antigenic stimulus by the removal of myoid cells, or
alterations in immune regulation by removal of the
thymus
Acetylcholine receptor antibody titer usually decrea-
ses following successful thymectomy with clinical
improvement [13]

– Surgical approach:
Median sternotomy—optimizes visualization and
removal of all tissues
Mediastinoscopy through a cervical incision – asso-
ciated with a smaller incision and less postoperative
pain

– Postoperative:
Decreased need for anticholinesterase medication, full
benefit often delayed for months after surgery.

Preoperative
10. How would you manage a MG patient based on their

preoperative medications?
• Anticholinesterase—the decision to continue or hold

the dose on the morning of surgery is per the dis-
cretion of the surgeon or the anesthesiologist. Some
choose to hold the dose to avoid interactions with
neuromuscular blocking agents [14].

• Corticosteroids—often will require perioperative
stress dose steroid coverage

• Plasmapheresis—will require preoperatively if the
patient’s disease is poorly controlled [15]

Table 22.1 Differential diagnosis of Myasthenia Gravis

Condition Symptoms and characteristics Comments

Drug-induced myasthenia gravis (penicillamine,
nondepolarizing muscle relaxants, aminoglycosides,
procainamide)

Induced weakness in normal persons by
triggering autoimmune MG; exacerbation
of MG

Distinguished by improvement of
symptoms after discontinuation of
the drug

Eaton–Lambert syndrome Weakness improves after repetitive use;
commonly seen in small cell lung cancer

Caused by antibodies to calcium
channels

Grave’s disease Diplopia, exophthalmos Thyroid-stimulating
immunoglobulin present

Botulism Generalized weakness, ophthalmoplegia,
mydriasis

Incremental response on repetitive
nerve stimulation

Progressive external ophthalmoplegia Ptosis, diplopia, generalized weakness in
some cases

Mitochondrial abnormalities

Intracranial mass Ophthalmoplegia, cranial nerve weakness Abnormalities on CT or MRI

Adapted from Stoelting’s Anesthesia and Coexisting Disease [6]
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• Anxiolytics/opioids—try to avoid given likely pre-
existing respiratory muscles weakness.

11. What are some of the anesthetic considerations
preoperatively?
• Cardiovascular—MG patients have increased risk for

heart disease because the culprit antibodies have a
high affinity for β1 and β2 adrenergic receptors [16].
Patients often have comorbid atrial fibrillation, heart
block, or cardiomyopathy.

• Airway protection—bulbar involvement can severely
compromise the patient’s ability to cough and clear
secretions, as well as protect or maintain a patent
airway

• Respiratory muscle strength:
– Pulmonary function tests (PFTs)—useful for

quantifying respiratory muscle strength, specifi-
cally negative inspiratory pressure and forced
vital capacity (FVC).
Optimizing strength and respiratory function—if
vital capacity <2L, plasmapheresis is usually
performed preoperatively to increase the likeli-
hood for adequate pulmonary function
postoperatively.
It is important to inform the patient about the
possibility of postoperative ventilator support.
May be necessary to use as a reference to deter-
mine the optimal conditions for extubation, as
well as a predictor tool for the need for postop-
erative mechanical ventilation [17].

– Flow volume loops—useful if a thymoma pre-
sents as an anterior mediastinal mass, which
could lead to intrathoracic airway or vascular
obstruction upon the induction of anesthesia.

• Maximal inspiratory and expiratory flow volume
loops obtained with the patient in supine and upright
positions will measure the extent of the respiratory
impairment as well as whether the impairment is
fixed or dynamic.

• Autoimmune disease—MG is associated with other
autoimmune diseases, including hypothyroidism
(*10% of patients with MG), rheumatoid arthritis,
systemic lupus erythematous, and pernicious anemia.

12. What are some risk factors for the need for
mechanical ventilation during the postoperative
period?
a. Disease duration of longer than 6 years
b. Presence of COPD or pulmonary disease unrelated to

myasthenia gravis
c. Daily dose of pyridostigmine more than 750 mg

d. Vital capacity of less than 2.9 L
e. Frequent crisis

Intraoperative:

13. Can neuraxial anesthesia be safely used in this case?
Neuraxial anesthesia with epidural and spinal anesthesia
can safely be used in MG patients. However, it is
important that muscle function and ventilation be care-
fully monitored perioperatively.
• Choice of local anesthetic—Amide

– Use reduced doses of amide to avoid high blood
levels

– Avoid ester anesthetics. They are metabolized by
cholinesterase and may have prolonged elevated
levels in patients on anticholinesterase drugs.

• Local anesthetic effects—monitor for weakness
– Be mindful that local anesthetics themselves can

potentiate neuromuscular blocking agents by
decreasing the sensitivity of the post-junctional
membrane to acetylcholine, leading to further
weakness in MG patients

14. Can the patient be paralyzed with nondepolarizing
muscle relaxants?
Nondepolarizing neuromuscular blockers can be used in
patients with MG, however, it must be used with
caution:
• Dose—decreased dosing due to increased sensitivity

– There is increased sensitivity to nondepolarizing
anesthetics due to the decreased number of
acetylcholine receptors requiring blockade

– Drug onset is shorter, duration is longer
– Effect of continued preoperative anticholinesterase

treatment
Higher initial dose might be needed due to
increased resistance—higher amounts of acetyl-
choline available to outcompete nondepolarizing
muscle relaxants [18]
Prolonged recovery after reversal has been
reported [19]
Cholinesterase depletion can affect the break-
down of mivacurium, which is metabolized by
pseudocholinesterase, resulting in a prolonged
block

• Monitoring—use peripheral never stimulator at
baseline and throughout the case
– Due to the unreliable nature of drug response,

peripheral nerve stimulators should be used
throughout the case, and the dosing of any non-
depolarizing muscle relaxant should be increased
in small increments corresponding to 0.1–0.2
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times the 95% effective dose (ED95) until the
desired neuromuscular blocking effect is
achieved.

• Alternatives
– Volatile anesthetics—can try to avoid muscle

relaxants by using inhaled agents for both facili-
tating intubation and providing relaxation for
surgery

– Regional techniques—reduce or eliminate the
need for muscle relaxation for surgery

15. What is the response to succinylcholine for patients
with MG?
Even in MG patients, succinylcholine can be used if
needed for rapid tracheal intubation.
• Increased dose is usually required in patients with

MG due to resistance from the loss of functional
acetylcholine receptors.

• The ED95 of succinylcholine in MG patients is 2.6
times that in non-myasthenic patients (0.8 mg/kg vs.
0.3 mg/kg) [20].

• However, the dose of succinylcholine used for rapid
airway control in normal patients (1.5–2.0 mg/kg
body weight) is approximately 5 times ED95, which
means our normal dose of 1.5–2.0 mg/kg should be
adequate for most MG patients for rapid intubation
as well.

• Myasthenic patients are more likely than normal
patients to develop a phase II block, particularly with
repeated doses of succinylcholine [21].

• Prolonged block—cholinesterase depletion due to
plasmapheresis or inhibition caused by pyridostig-
mine given preoperatively may decrease the meta-
bolism of succinylcholine causing prolonged
block [22]

16. What are the effects of volatiles anesthetics in this
patient?
• Inhaled volatiles anesthetics provide profound mus-

cular relaxation and can be used alternatively due to
the difficulty in predicting neuromuscular blocker
response in MG patients.

• If used in conjunction, sevoflurane was shown to
potentiate the effects of nondepolarizing agents to the
greatest degree of all the volatile anesthetics in
patients with MG [23].

17. What are the effects of other IV drugs in patients
with MG that should be considered?
• IV anesthetics (barbiturates, propofol, etomidate,

ketamine)—all have been used without event

• Opioids:
– Do not appear to depress neuromuscular trans-

mission in MG
– Central respiratory depression could be prob-

lematic in patients with decreased pulmonary
reserve, therefore their use in MG patients should
always be minimized if possible

– More desirable to use titratable short-acting opi-
oids such as remifentanyl

• Beta adrenergic blockers—exacerbate MG
• Aminoglycosides antibiotics, polymyxins—prolong

neuromuscular blockade

Postoperative

18. What is the differential for weakness in MG patients
after surgery?
Weakness after surgery in MG patients is a unique
scenario with a broad differential.
• Myasthenic crisis versus Cholinergic crisis

– Myasthenic crisis—exacerbation of the symptoms
of myasthenia gravis

– Cholinergic crisis—precipitated by excessive
anticholinesterase and is characterized by
increased weakness and excessive muscarinic
effects including salivation, diarrhea, miosis, and
bradycardia

– Diagnosis—IV edrophonium (see “Tensilon test”
from above)
If patient’s symptoms improve → myasthenic
crisis
If patient’s symptoms worsen→ cholinergic crisis

• Residual effects of anesthetic drugs
• Nonanesthetic drugs interfering with neuromuscular

transmission (antibiotics, corticosteroids, etc.)

19. What are some postoperative considerations for MG
patients?
Extubation—needs to be carefully planned based on the
preoperative condition of the patient, the surgical pro-
cedure, and the residual anesthetic effects. Things to
consider:
• Patient needs to be very awake prior to extubation

due to increased risk for weakness
• Adequate postoperative pain control
• Pulmonary toilet
• Avoidance of drugs that interfere with neuromuscu-

lar transmission

All patients with MG should be closely monitored post-
operatively in the postanesthesia care unit or the surgical
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intensive care unit, where respiratory support can be
immediately reinstituted.
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23Malignant Hyperthermia

Milad Sharifpour and Raheel Bengali

Case
A 17-year-old male is brought from the emergency room to
the operating room for a laparoscopic appendectomy for
acute appendicitis.

PMHx: The patient does not have any medical problems.
PSHx: The patient has not had any surgical procedures in

the past.

Medications:

1. Occasional ibuprofen for headaches

Allergies: NKDA

Physical Examination:

Vital Signs: T: 99.1 HR: 82 RR: 17 SaO2: 100% on RA BP: 114/73
Ht: 71” Wt: 74kg

The patient appears diaphoretic. The rest of the physical
examination is only notable for RLQ pain, which worsens
with deep palpation, with no other abnormalities.

Standard American Society of Anesthesiologist monitors
(non-invasive blood pressure cuff, pulse oximeter, EKG
leads) are placed. Rapid sequence induction is performed,
using intravenous propofol and fentanyl to induce general
anesthesia and succinylcholine to facilitate tracheal intuba-
tion. The trachea is intubated using a MAC 3 blade and a 7.5
endotracheal tube (ETT). Correct ETT placement is
confirmed by chest rise, auscultation, and capnography. An

oropharyngeal temperature probe and an upper body forced
air warming blanked are subsequently placed. Two grams of
cefazolin are administered before surgical incision. General
anesthesia is maintained with a mixture of sevoflurane,
oxygen, and air. Six milligrams of intravenous morphine is
administered, in two-milligram aliquots, for analgesia.

Half way through the case, the surgeon asks for additional
muscle relaxation, as the abdomen “feels tight”. You notice
that the patient is tachycardic (HR: 102 and regular) and has
an elevated end-tidal carbon dioxide (ETCO2 48 mmHg)
despite no changes in minute ventilation.

You notify the surgeon and page your attending for
additional help.

1. What is your differential diagnosis?
A. Malignant Hyperthermia
B. Infection/fever
C. Inadequate depth of anesthesia/analgesia
D. Neuroleptic malignant syndrome
E. Thyroid Storm
F. Pheochromocytoma
G. Anaphylaxis
H. Hypoventilation

2. What is Malignant Hyperthermia (MH)?

Malignant hyperthermia is a rare and potentially deadly
pharmacogenetic disorder, which presents in susceptible
individuals upon exposure to triggering agents [1].

Unregulated release of calcium from the sarcoplasmic
reticulum into the myoplasm, secondary to a defect in
ryanodine receptor protein (RYR1), leads to a hyperme-
tabolic state characterized by uncontrolled muscle contrac-
tion (rigidity), heat production, excess carbon dioxide (CO2)
production, acidosis, hyperkalemia, rhabdomyolysis, and
myoglobinuria.
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3. What are the triggers for MH?

Halogenated volatile anesthetics, non-depolarizing mus-
cle relaxant succinylcholine, and in rare instances physical
exertion in presence of high temperature.

4. What are the early clinical signs of MH? [1, 2]
A. Sustained jaw rigidity after administration of

succinylcholine
B. Tachycardia
C. Irregular rhythm
D. Tachypnia
E. Hot soda lime canister
F. Hypercarbia

5. What are the late clinical signs of MH? [1, 2]
A. Increased temperature
B. Cyanosis
C. Generalized muscle rigidity
D. Dark/deoxygenated blood on the surgical field
E. Dark urine
F. Oliguria
G. Disseminated intravascular coagulation

6. What changes are seen in monitored variables?
A. Increased end-tidal CO2 (early)
B. Increased heart rate (early)
C. Decreased SaO2 (late)
D. Increased body temperature (late)

7. What laboratory abnormalities are seen in patients
with MH?
A. Increased PaCO2

B. Decreased PaO2

C. Hyperkalemia
D. Acidosis (respiratory and metabolic)
E. Myoglobinuria
F. Increased creatinine kinase
G. Hemolytic anemia, thrombocytopenia

8. How is MH diagnosed?

In the absence of personal or family history suggestive of
MH, it is impossible to identify individuals susceptible to
MH. Caffeine-Halothane contracture test (or the in vitro
contracture test) is the gold standard for testing individuals at
risk for MH, and to confirm a clinical diagnosis of MH [1, 2].

Two grams of muscle tissue is harvested from quadriceps
muscle. Muscle fascicles are exposed separately to 3%
halothane, as well as increasing concentrations of caffeine, in
a bath of bicarbonated Krebs-Ringer’s solution.

Subsequently, a supramaximal electrical current is applied to
each muscle strip and a force transducer measures the
resulting isometric contraction. The sensitivity of caffeine-
halothane contracture test is 97% and its specificity is 78%.

Molecular genetic testing is an alternative and less inva-
sive method to confirm MH susceptibility in individuals
with appropriate personal or family history of MH. How-
ever, unlike caffeine-halothane contracture test, a negative
molecular genetic test does not rule out MH susceptibility.

9. Does a previous uneventful anesthetic rule out MH
susceptibility?

Previous uneventful anesthetic(s) do not rule out the
possibility of MH susceptibility and a patient can develop an
MH crisis despite previous uneventful anesthetics.

10. What myopathies or syndromes are associated with
MH?
A. Central core disease
B. Multiminicore disease
C. King-Denborough syndrome

All three conditions are associated with an RYR1 defect
[1]. While a number of musculoskeletal abnormalities, such
as strabismus, scoliosis, and hernias have been associated
with MH susceptibility, there is no evidence to support such
association.

11. How is MH treated?

Early recognition is the cornerstone of treating MH and is
associated with improved outcomes. Dantrolene sodium is
the only definitive therapy for treating MH crisis. It binds to
the ryanodine receptor and prevents further release of cal-
cium from the sarcoplasmic reticulum.

12. How should an MH crisis be managed?

Once the diagnosis is made, the surgeon should be noti-
fied and extra help should be requested.

Triggering agents (volatile anesthetics) should be discon-
tinued immediately and the anesthetic should be converted to
total intravenous anesthesia with non-triggering agents
(propofol, opioids, benzodiazepines, ketamine). Activated
charcoal filters should be placed in the inspiratory and expi-
ratory ports of the anesthesia machine to accelerate removal of
triggering anesthetic gases. The patient should be ventilated
with 100% oxygen at high flows to prevent rebreathing [3, 4].

Additional intravenous lines (peripheral or central), an
arterial line, and a urinary catheter should be placed, if not
already in place.
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Intravenous dantrolene sodium (2.5 mg/kg bolus) should
be administered as soon as possible. If there is no response
(decrease in temperature, decrease in heart rate, decrease in
CO2 production) within five minutes, a further 1 mg/kg
bolus should be administered. This should be repeated every
five minutes until there is clinical response [3, 4].

The patient should be cooled, using cooling blankets and
cold intravenous fluids, and by placing ice packs in the
axillae and groin.

Hyperkalemia should be treated with intravenous dex-
trose, insulin, and sodium bicarbonate. In case of life-
threatening hyperkalemia (arrhythmias and EKG changes),
calcium chloride should be administered, despite the possi-
bility that it can exacerbate MH reaction [3, 4].

Myoglobinuria should be treated with intravenous crys-
talloids, bicarbonate (to alkalinize the urine), mannitol
(dantrolene preparations contain mannitol), and furosemide.

Arrhythmias should be managed by treating the under-
lying metabolic abnormalities and hypoxemia.

Blood gases, electrolytes, and coagulation studies should
be checked frequently to monitor the correction of metabolic
derangements.

The MH Hotline (800) 986-4287 should be contacted for
additional assistance.

The patient should be admitted to the intensive care unit
for close monitoring in case of recurrence of MH symptoms
and metabolic derangements.

13. How is dantrolene prepared?

Each vial of dantrolene sodium contains 20 mg of the
drug, which is lipophilic, and 3 g of mannitol to improve
water solubility. Before intravenous administration, the
contents of each vial should be dissolved in 60 ml of sterile
preservative free water.

This is a time consuming process and at least one member
of the team should be dedicated to preparing the dantrolene.

14. What are the common side effects of dantrolene?
A. Nausea
B. Muscle weakness
C. Dizziness
D. Hepatic failure

15. Given the elevated intracellular calcium, should this
patient be treated with calcium channel blockers (e.g.
verapamil)?

Verapamil should be avoided as the combination of
verapamil and dantrolene can have significant negative
inotropic effect and cause cardiovascular collapse [4].

16. Can muscular rigidity develop in the presence of
neuromuscular blockade?

Triggering agents directly affect the ryanodine receptor
protein, which leads to release of calcium from the sar-
coplasmic reticulum, without requiring action potential
generation. Therefore, muscular rigidity can develop in
presence of neuromuscular blocking agents. This generalized
rigidity indicates depletion of ATP, which is required for
muscle relaxation [4].

17. Does MH crisis only occur in the operating room?

No. Malignant Hyperthermia crisis can have delayed
onset and occur in the postoperative period. It is imperative
to have a low index of suspicion in patients who exhibit
tachycardia, tachypnea, hypercapnia, and hyperpyrexia after
exposure to triggering agents [1].

Similarly, there are case reports of so-called “awake MH”
in MH susceptible individuals without general anesthesia, in
response to viral illness, exposure to high environmental
temperatures, and physical stress at the time of an awake
MH event [1].

18. How should this patient be managed in the future if
he requires surgery?

Regional anesthesia (neuraxial or peripheral nerve
blocks) should be utilized when possible. If general anes-
thesia and controlled ventilation are indicated, a non-
triggering approach, using intravenous anesthetics (propo-
fol, ketamine, barbiturates, benzodiazepines), opioids, and
non-depolarizing muscles relaxants should be used.

The anesthesia machine should be flushed with high flow
oxygen to purge the system of residual volatile anesthetics.
Activated charcoal filters should be placed in the inspiratory
and the expiratory limbs of the machine to expedite this
process.
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24Diabetes Mellitus

Amit Prabhakar, Jonathan G. Ma, Anthony Woodall, and Alan D. Kaye

Case A 44-year-old obese woman presents with a 3-day
history of abdominal pain, weakness, headache, polyuria,
nausea, and vomiting. Upon arrival, she states that she has
not taken any of her prescribed medications for the past
week. She has a 5-year history of diabetes mellitus (DM) II.
CT of the abdomen and pelvis reveals a perforated appendix.

Medications: Lantus 20 units BID, HCTZ 25mg daily,
Simvistatin 20 mg QHS, Lisinopril 20 mg daily.

Allergies: Sulfa

Past Medical
History:

Type 2 DM, hyperlipidemia, hypertension,
obesity

Physical Exam

Height: 60 inches

Weight: 100 kg

VS: BP 90/50

HR 110

Temp 38.5

RR 22

1. How is diabetes mellitus characterized and what are
the most common forms?

Hyperglycemia of DM is the consequence of relative or
absolute deficiency of insulin and a relative or absolute
excess of glucagon. In Type 1 DM, there is an absolute
deficiency in insulin production and dependency on exoge-
nous insulin to prevent lipolysis and eventually ketoacidosis.
The onset of Type 1 diabetes usually occurs by adolescence,
although it may occur at any age and is thought to result
from to autoimmune destruction of the islets of Langerhans
cells in the pancreas [1].

Type 2 DM is characterized by a relative deficiency of
insulin, typically caused by insulin resistance. The onset is
usually in adulthood and the specific etiology is unknown,
however this form is strongly linked to obesity. Gestational
diabetes is defined as any degree of glucose intolerance with
the onset first recognized during pregnancy. These patients
may have a predisposition to developing Type 2 DM later in
life.

Hyperglycemia has been recognized as a major factor in
the development of complications associated with diabetes.
Chronic hyperglycemia leads to angiopathy and long-term
complications involving the various organs. The cause of
diabetic complications is multifactorial, including glycosy-
lation of proteins and glucose reduction to sorbitol, which
functions as a tissue toxin. This pathophysiologic process is
associated with a decrease in myoinositol content, metabo-
lism, and with a decrease in sodium-potassium-adenosine
triphosphatase activity. Microangiopathy can cause: diabetic
cardiomyopathy, nephropathy, neuropathy, retinopathy, and
encephalopathy. Macroangiopathy leads to CAD, PVD,
diabetic myonectosis, and stroke. Diabetes is a major risk
factor for heart disease, stroke, kidney disease, blindness,
and nontraumatic amputations.
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2. A medical student approaches you and asks if this
patient could have Metabolic syndrome X. What is
Syndrome X?

Metabolic syndrome is also known as insulin resistance
syndrome, cardiometabolic syndrome, and Reaven’s syn-
drome. As the name implies, it is a syndrome rather than a
specific disease state. The syndrome is caused by an
underlying disorder of energy utilization and storage and the
cause is still unknown. Diagnosis is made by co-occurrence
of 3 out of 5 following medical conditions: central obesity,
HTN, high fasting plasma glucose/impaired glucose toler-
ance, high serum triglycerides, and low HDL.

Prevalence in the USA is an estimated 34% of adult
population and prevalence increases with age. The metabolic
syndrome increases the risk of developing cardiovascular
disease, particularly heart failure and diabetes. The hallmark
of syndrome X is insulin resistance with hyperinsulinemia.
The clinical significance of this condition stems from its
association with multiple metabolic abnormalities, including
low levels of high-density lipoprotein (HDL), increased
blood pressure, and increased plasminogen activator
inhibitor-1 levels. All these abnormalities have definite or
possible association with coronary artery disease. Whether
syndrome X and Type 2 DM are on a spectrum of disease
with insulin resistance as a common denominator or are
totally separate entities has yet to be clearly understood.

3. What are some other less common causes of glucose
intolerance?

There are several rare genetic diseases that result in
defects in both Beta-cell production of insulin and insulin
action [2]. Other causes result from destruction of the exo-
crine pancreas from inflammatory processes like pancreatitis,
specific viral infections such as rubella, Coxsackie B,
mumps, and cytomegalovirus, and immune mediated insulin
autoantibodies or insulin receptor antibodies [2].

4. What is the prevalence of diabetes?

Recent data suggest that the overall prevalence of dia-
betes in the United States is 9.3% [3]. Type 1 DM accounts
for approximately 5–10% of diabetic population [1]. Type 2
DM accounts for the remaining 90–95% of patients. Ges-
tational DM has an incidence of approximately 7% among
pregnant women [1, 4]. Experts predict the overall preva-
lence of DM to increase by 200% in the next several decades
as rates of obesity continue to climb worldwide [5, 6].

5. What are the diagnostic criteria for diabetes mellitus?

Current diagnostic criteria from the American Diabetes
Association include one of the following findings [7]:

1. Hemoglobin A1c greater than or equal to 6.5%.
2. Fasting plasma glucose level greater than or equal to

126 mg/dL
3. Symptoms of diabetes and a random blood glucose

level >200 mg/dL
4. Oral glucose tolerance test with 2 h plasma glucose level

greater than or equal to 200 mg/dL

6. What are management strategies for the different
types of DM?

Treatment of DM includes diet, oral hypoglycemic drugs,
exogenous insulin, exercise, and weight reduction if war-
ranted. Management of Type 1 DM requires administration
of exogenous insulin analogues. Titration of rapid and
long-acting analogues is often required to achieve eug-
lycemia and to mimic the normal basal and postprandial
insulin secretion responses. Different insulin preparations are
encountered in diabetric patients being assessed for surgery,
and understanding their time-action profiles and side effects
is essential in clinical management.

Rapid acting insulin (lispro/Humalog® and aspart/
NovoLog®) analogues have quick onset of action (between 5
and 15 min), peak activity at 2 h after injection and their
duration of action does not exceed 5 h [1].

Long-acting insulin analogues include NPH and glargine
(Lantus®) which have a prolonged effect secondary to lower
solubility. Lower solubility is achieved by amino acid sub-
stitution and addition of zinc to human insulin [8, 9]. This
time-action profile allows for once-daily dosing and duration
of action of 18–24 h.

Regular insulin is short-acting insulin best utilized
intravenously for glucose control during intraoperative
period.

In the past decade, newer therapies for newly diagnosed
Type 1 DM have been introduced, including immunosup-
pression with varied successes. It is important to realize that
15% of patients with Type 1 DM have other autoimmune
processes and that the elevated glucose levels are probably
caused by destruction of pancreatic beta cells in these
instances.

Management of Type 2 DM entails a wide array of
anti-diabetic medications and lifestyle modifications that can
also be supplemented by insulin analogues if needed.
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An overview of the various anti-diabetic pharmacological
agents currently available is described below:

Sulfonylureas (glyburide, glipizide, glimepiride): These
medications act by both stimulating insulin secretion by beta
cells and improving peripheral sensitivity to insulin.

Biguanides (metformin): This class of medications acts
by improving skeletal muscle insulin sensitivity, decreasing
hepatic gluconeogenesis, and decreasing glycogenolysis.
These should be stopped 48–72 h prior to surgery to prevent
an increased risk of lactic acidosis.

Thiazolidinediones (pioglitazone and rosiglitazone):
These act as insulin sensitizers by increasing the efficiency
of glucose transporters via altering gene transcription. Side
effects include potential hepatic injury, fluid retention, and
increased incidence of myocardial ischemia.

Alpha-glucosidase inhibitors (acarbose and miglitol):
Glucosidase is an enzyme that is present in the brush border
of the small intestine. Enzyme inhibition results in reduction
of carbohydrate breakdown and subsequent delayed glucose
absorption. This helps to attenuate postprandial glucose
surges.

Meglitinides (repaglinide and nateglinide): These work
by increasing beta-cell insulin secretion. Of note, they have a
faster onset and shorter duration of action relative to
Sulfonylureas.

Amylin analogues: Amylin is a pancreatic hormone that
is released in conjunction with insulin. Its release induces a
decrease in glucagon secretion, slower gastric emptying, and
satiety. Pramlintide is an example and is administered
subcutaneously.

Incretin mimetics (exenatide and liraglutide): Incretins
are intestinal peptides that are secreted in response to food
intake. These peptides work by decreasing glucagon secre-
tion, hepatic glucose production, and gastric emptying sub-
sequently resulting in appetite suppression. Their use is
limited by rapid enzymatic breakdown by DPP-4.

Dipeptidyl peptidase-IV(DPP-4) inhibitors (sitagliptin
and saxagliptin): DPP-4 is responsible for the rapid degra-
dation of incretins. Thus inhibition prolongs the beneficial
effects of endogenous incretins. Examples include sitagliptin
and saxagliptin.

7. Preoperatively, how would you determine patient’s
degree of glycemic control?

Close monitoring of glucose levels by both the patient
and physician are imperative to prevent or prolong the onset
of systemic consequences. Active involvement by a moti-
vated patient is essential to effectively manage the disease.
Fingerstick blood sampling should be done one to three
times daily depending on the degree of insulin deficiency.

Patients should also keep a log of eating habits and daily
blood glucose levels to assess the need for lifestyle and or
medication modifications. Regularly scheduled checkups for
onset of hypertension and hyperlipidemia are important as
these can significantly increase the risk of vascular disease.

Hemoglobin A1c (HgbA1c) is a measure of glycosylated
hemoglobin and is considered a marker of long-term gly-
cemic control. HgbA1c correlates with the average blood
glucose over a 3-month span, or the life span of a red blood
cell. An HgbA1c of 6% indicates average blood glucose less
than 120 mg/dl. An HgbA1c of 8% correlates with an
average blood glucose of 180 mg/dl. An HgbA1c of 10%
corresponds to average blood glucose of 240 mg/dl [5].

8. What are complications associated with DM?

DM is a complex disease that involves all organ systems
with numerous wide-ranging complications. A summary of
these are below.

Cardiovascular Disease
Chronic DM can lead to significant complications in both the
micro- and macrovasculature. Diabetics are at a significantly
increased risk of developing hypertension, coronary artery
disease, peripheral artery disease, systolic and diastolic
dysfunction, and congestive heart failure [5]. Cardiovascular
pathology has been shown to be the cause of death in 80% of
diabetic patients [5]. Numerous studies have shown that
diabetics have a two- to threefold increase of perioperative
cardiovascular morbidity and mortality compared to nondi-
abetics [10]. The American College of Cardiology and the
American Heart Association guidelines for preoperative
cardiac assessment classify diabetics as a minimum of
intermediate risk if undergoing noncardiac surgery [5, 11].
Autonomic neuropathy in patients with DM can greatly
impair the sensation of ischemic cardiac pain and can result
in an unrecognized cardiac event or silent myocardial
infarction. The Framingham study found that 39% of dia-
betic patients had an unrecognized myocardial infarction
compared to 22% in nondiabetics [5, 12].

Hypertension and diabetic cardiomyopathy are also major
concerns for diabetic patients. Echocardiographic studies
have shown that 60–75% of asymptomatic, well-controlled
diabetic patients have diastolic dysfunction and increased
left ventricular filling pressures [13]. With time, this initial
dysfunction can progress to heart failure. The onset of
hypertension in diabetics closely correlates with the devel-
opment of microalbuminuria and subsequent nephropathy.
Trials have shown that using an angiotensin-converting
enzyme inhibitor or beta-blocker for blood pressure control
reduced the risk of death in diabetic patients [14].
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Gastroparesis
Diabetes affects the gastrointestinal tract in several ways.
First, it damages the ganglion cells of the gastrointestinal
tract, inhibiting motility, which delays gastric emptying and
overall transit time through the gut. Gastrointestinal system
dysfunction is common in patients with DM and is closely
related to vagal autonomic neuropathy. Radioisotopic stud-
ies have shown that approximately 50% of patients with long
standing DM have delayed gastric emptying [15].
Radionuclide studies have shown that the rate of gastric
emptying of liquids between diabetic and nondiabetic
patients is similar. However, there is a significant delay in
gastric emptying of solids in diabetics compared to nondi-
abetics [16]. Signs and symptoms of gastroparesis include
anorexia, nausea, vomiting, bloating, and epigastric dis-
comfort [5]. Thus diabetic patients are at a greater risk of
aspiration when compared to nondiabetics and consideration
of rapid sequence intubation should be included in your
anesthetic plan. Preoperative treatment with agents that
inhibit acid secretion and neutralize stomach acid is essen-
tial. Use of famotidine, metoclopramide, or a liquid antacid
preoperatively can reduce the risk of aspiration. Rapid
sequence induction is commonly employed to try to mini-
mize the risk of aspiration in patients with symptoms of
gastroparesis.

Autonomic Neuropathy
DM can have extensive consequences on both the autonomic
and peripheral nervous systems. Diabetic autonomic neu-
ropathy can manifest as resting tachycardia, exercise intol-
erance, orthostatic hypotension, constipation, gastroparesis,
impaired neurovascular function, genitourinary dysfunction,
and hypoglycemic autonomic failure [5]. The majority of
these issues can be elucidated by a thorough history and
physical exam.

Heart rate variability in response to Valsalva, deep breath-
ing, or position changes can predict an increased likelihood of
hemodynamic instability under anesthesia [17]. Autonomic
dysfunction also affects the body’s ability to regulate blood
pressure, leading to significant orthostatic hypotension. This
underlying defect is caused by a lack of baroreceptor reflex
induced vasoconstriction. This denervation may also involve
vagal control of the heart rate. The changes in heart rate seen
with atropine and β-blockers are blunted in patients with sig-
nificant autonomic dysfunction [18].

Diabetic patients may also have an impaired thermoreg-
ulatory response to anesthesia related to inappropriate reg-
ulation of peripheral vasoconstriction to conserve body heat.
This predisposes diabetic patients to exaggerated hypother-
mia in the operating room [19]. Patients with autonomic

neuropathy may also have impaired ability to sense hypo-
glycemia [20]. This should be taken into consideration
preoperatively when patients have fasted for several hours.

Damage to the autonomic nervous system can signifi-
cantly affect the choice of anesthetic technique. Patients are
at significantly increased risk of hypotension caused by
induction agents such as propofol. For this reason, etomidate
may be a better induction agent because of its considerably
lower incidence of cardiovascular side effects.

Diabetic Retinopathy
Diabetic retinopathy is the leading cause of blindness in
working-aged persons in the United States [21]. The
prevalence and severity of retinopathy is directly correlated
with the duration and extent of hyperglycemia. Nearly all
patients with Type 1 DM and approximately 60% of Type 2
DM patients will have some retinopathy after 20 years [22].
Retinopathy can be classified as either proliferative or non-
proliferative. Tight control of both glucose and hypertension
remains the cornerstone for prevention [23]. Presence of
retinopathy in a patient preoperatively should alert the
anesthesiologist to other potential hazards. Because the
retina shares a common embryological origin with the cen-
tral nervous system, presence of retinal microvasculature
dysfunction may correlate with cerebral vasculature insuffi-
ciency. A study examining the relationship between diabetic
retinopathy and postoperative cognitive dysfunction in
patients undergoing cardiac surgery found that the presence
of retinopathy is a predictor of postoperative cognitive
dysfunction because of coexisting impaired cerebral circu-
lation [23].

Stiff joint Syndrome
While the specific pathophysiology is unknown, Stiff joint
syndrome is thought to be a result of nonenzymatic glyco-
sylation of collagen in connective tissue resulting in abnor-
mal cross-linkage [24]. This syndrome is characterized by
stiffness of the fingers, wrists, ankles, and elbows. Involve-
ment of the metacarpophalangeal and proximal interpha-
langeal joints of the fifth digit is usually implicated first [5].
Larger joints tend to be involved later in the disease process.
This is of particular importance if the cervical spine, tem-
poromandibular, and or the arytenoid joints are involved.
Involvement of these joints can severely limit range of
motion resulting in a potentially difficult airway. Salzarula
first reported a case of difficult intubation in a patient with
DM and stiff joint syndrome in 1986 [24]. A positive prayer
sign may suggest the presence of systemic joint stiffness.
This sign is described as the inability to completely oppose
the palmer surface of the hands.
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9. What is diabetic ketoacidosis and how is it managed?

Diabetic ketoacidosis (DKA) is a potentially fatal con-
dition characterized by a lack of insulin and imbalance of
counterregulatory hormones. DKA is defined by absolute
insulin deficiency with hyperglycemia with increased lipol-
ysis, increased ketone production, hyperketonemia, and
acidosis. The incidence of DKA is between 4 and 8 per 1000
in persons with DM and is more commonly associated with
Type 1 DM [25]. DKA can occur in Type 2 DM, however, it
rarely occurs without a precipitating event. Onset of DKA is
often triggered by a significant stress response caused by
infection (e.g., UTI, pneumonis, gastroenteritis), tissue
injury, missed insulin treatment or previously undiagnosed
diabetes. Patients present with a history of medication non-
compliance, polyuria, polydypsia, abdominal pain, nausea,
vomiting, and dehydration. Lack of insulin paired with high
catecholamine levels limit glucose uptake by peripheral tis-
sues [25, 26]. Lack of intracellular glucose leads to lipolysis
and proteolysis with production of ketone byproducts.
Consequently, laboratory evaluation will reveal an anion gap
metabolic acidosis, hyperglycemia, hyperkalemia, elevated
serum ketones, and presence of ketones in the urine [27].

Treatment consists of fluid and electrolyte replacement,
insulin and dextrose infusion to prevent hypoglycemia.
Metabolic derangements such as hypokalemia, hypocal-
cemia, and hypomagnesia should be expected with resusci-
tation and treated aggressively. Correction of acidemia and
insulin administration results in a shift of potassium intra-
cellularly resulting in plasma hypokalemia. Patients will
present with elevated serum potassium concentrations ini-
tially even though they have profound total body potassium
depletion ranging from 3 to 15 mmol/kg of body weight [25,
27]. Surgery should be delayed until resolution of DKA
unless DKA is propagated by a surgical condition.

10. What is Hyperglycemic Hyperosmolar State
(HHS) and how is it managed?

HHS is complication predominantly seen in Type 2 DM
in which hyperglycemia causes severe dehydration, increase
in serumosmolarity and high risk of mortality and coma.

It is more common in patients with Type 2 DM because
these patients have a relative deficiency of insulin. Precipi-
tating factors include medication noncompliance, infection,
or other injury that potentiates an imbalance in regulatory
hormones. Overall, HHS is less prevalent than DKA with an
incidence of 1 out of 1000 diabetic patients [25, 26].
However, rates of morbidity and mortality are much higher
in HHS compared to DKA [25, 26]. Compared to patients
with DKA, patients have more profound hyperglycemia with
reported blood glucose concentrations greater than

1000 mg/dL, and absence of ketones. Patients present with
many of the same symptoms as DKA and include polyuria,
nausea, vomiting, dehydration, and altered mental status.
Laboratory evaluation reveals metabolic derangements in
potassium, sodium, calcium, and magnesium. Treatment
includes rehydration, electrolyte correction, and insulin
infusion.

11. Preoperative considerations in DM patients

In the preoperative setting, diabetic patients need to be
closely evaluated to determine the extent of systemic dis-
ease. A thorough history and physical should be obtained
with careful consideration for potential cardiovascular dis-
ease, nephropathy, autonomic neuropathy, risk of aspiration,
and stiff joint syndrome. Like any preoperative assessment,
the focus is to stratify individual perioperative risk and
optimize the patient’s medical status if time permits.

Preoperative testing should take into consideration the
age of the patient, previous anesthetic history, current
medications, and adequacy of glycemic control. Metabolic
panels should be done to assess for both metabolic
derangements and kidney function. An HbgA1c can be
useful to evaluate adequacy of long-term glycemic control.
A standard EKG can be utilized to assess baseline cardiac
function and rhythm. The American College of Cardiology
and American Heart Association Guidelines on Periopera-
tive Cardiovascular Evaluation and Care for Noncardiac
Surgery encourage utilization of the Revised Cardiac Risk
Index [12]. This index predicts perioperative cardiovascular
risk based upon the presence of diabetes, ischemic heart
disease, nephropathy, cerebrovascular disease, and heart
failure [12]. Patients with limited functional capacity can
suggest underlying microvascular and macrovascular dis-
ease. These patients may benefit from stress echocardiog-
raphy if the findings will influence the anesthetic plan.

Oral hypoglycemic medications should be withheld 24–
48 h before the day of surgery to prevent excessive hypo-
glycemia and lactic acidosis in the setting of preoperative
fasting. Poorly controlled Type 2 DM patients on only oral
hypoglycemic medications should be transitioned to insulin
preoperatively. Other preoperative considerations should
include surgery start time and shortening duration of pre-
operative fasting. The use of premedication should take into
consideration the patient’s preexisting systemic disease,
cognitive function, and risk for aspiration.

In summary, perioperative and intraoperative
glycemic-control regimens depend on several factors. Dif-
ferentiating Type 1 from Type 2 DM is extremely important.
Patients with Type 1 DM are at risk for DKA if they are
without insulin. The risk of ketosis is amplified when the
patient undergoes the stress of surgery. The degree to which

24 Diabetes Mellitus 171



blood sugar levels are chronically controlled affects man-
agement. Glycosylated hemoglobin (hemoglobin A1c) is the
most accurate way to assess glucose control over the pre-
vious 2 to 3 months. As levels of glycosylated hemoglobin
rise, so does the complication rate of DM. The amount of
exogenous insulin a patient normally requires is important in
deciding how blood glucose should be treated intraopera-
tively. The magnitude of the surgery plays an important role
in determining therapy. There are many different protocols
for preoperative and intraoperative insulin management, but
there are limited prospective studies comparing different
regimens.

12. Intraoperative considerations in DM patient

Standard ASA monitors should be used in all patients
undergoing general anesthetics. These include pulse oximetry,
continuous EKG monitoring, noninvasive blood pressure,
temperature, and end tidal carbon dioxide and gas analysis.
Patients deemed high risk for hemodynamic instability may
require invasive arterial blood pressure monitoring.

Surgery invokes significant physiologic stress on the
body. This stress results in a complex cascade of metabolic
changes that are mediated by catecholamines, cortisol,
insulin, and glucagon [2]. Cortisol and catecholamines pre-
vent peripheral glucose uptake while hepatic gluconeogen-
esis is also ongoing increasing the risk of hyperglycemia.
Serum glucose monitoring from either venous or arterial
samples should be done at least every hour. Treatment of
hyperglycemia includes administration of intravenous insu-
lin via boluses or continuous infusion.

Hypoglycemic shock is due to critical hypoglycemia
resulting in tissue energy failure and is characterized by
hemodynamic collapse and brain injury [28]. Treatment
consists of slow bolus infusion of intravenous dextrose.

13. Postoperative considerations in DM patient?

Postoperative management should focus on glucose
control as the patient recovers from the stress response of
surgery. Patients should have their blood glucose taken at
least once in the postanesthesia care unit to check for either
hypo- or hyperglycemia. Advancement of diet should be
considered to prevent hypoglycemia. Patients should also
resume their preoperative medication regiment as soon as
possible. If the patient is moderately hyperglycemic in the
recovery room and insulin is administered, residual stress
response physiology needs to be considered to prevent
sudden hypoglycemia. While tight control of blood glucose
has been shown to be beneficial in the critical care setting,
there is little evidence to support a similar strategy in the
postoperative period [29, 30].

Insulin therapy can result in anaphylactic and anaphylac-
toid reactions, especially when using protamine-containing
insulin preparations. Protamine-derived insulin is made from
fish sperm and can cause immunologic sensitization when
protamine reversal is administered after cardiopulmonary
bypass or heparin reversal [31, 32]. The protamine reaction
can be devastating and includes profound hypotension, pul-
monary vasoconstriction, and noncardiogenic pulmonary
edema.

References

1. Ahmed I, Mruthunjaya S. Anaesthetic management of diabetes.
Anaesth Intensive Care Med. 2014;15(10):453–7.

2. McAnulty GR, Robertshaw HJ, Hall GM. Anaesthetic manage-
ment of patients with diabetes mellitus. Br J Anaesth. 2000;85:
80–90.

3. Cowie CC, Rust KF, Byrd-Holt DD, et al. Prevalence of diabetes
and impaired fasting glucose in adults in the U.S population:
national health and nutrition examination survey 1999–2002. Diab
Care. 2006;29:1263–8.

4. Hillier TA, Vesco KK, Pedula KL, et al. Screening for gestational
diabetes mellitus: a systematic review for the U.S preventative
services task force. Ann Intern Med. 2008;148:766–75.

5. Kadoi Y. Anesthetic considerations in diabetic patients. Part 1:
preoperative considerations of patients with diabetes mellitus.
J Anesth. 2010;24:739–47.

6. Robertshaw HJ, Hall GM. Diabetes mellitus:anaesthetic manage-
ment. Anaesthesia. 2006;61:1187–90.

7. American Diabetes Association. Diagnosis and classification of
diabetes mellitus. (Miscellaneous Article). Diabetes Care. 33
(20100100) (Supplement): S62, January 2010.

8. Lantus (insulin glargine) package insert. Kansas City, MO,
Aventis Pharmaceuticals, April 2000.

9. Heinemann L, Linkeschova R, Rave K, et al. Time action profile of
the long-acting insulin analog insulin glargine (HOE 901) in
comparison with those of NPH insulin and placebo. Diab Care.
2000;23:644.

10. Gu W, Pagel PS, Warltier DC, Kersten JR. Modifying cardiovas-
cular risks in diabetes mellitus. Anesthesiology. 2003;98:774–9.

11. Fleisher LA, Beckman JA, Brown KA, et al. ACC/AHA 2007
guidelines on perioperative cardiovascular evaluation and care for
noncardiac surgery: a report of the american college of
cardiology/American Heart Association task force on practice
guidelines (Writing Committee to Revise the 2002 guidelines on
perioperative cardiovascular evaluation for noncardiac surgery)
developed in collaboration with the american society of echocar-
diography, american society of nuclear cardiology, heart rhythm
society, society of cardiovascular anesthesiologists, society for
cardiovascular angiography and interventions, society for vascular
medicine and biology, and society for vascular surgery. J Am Coll
Cardiol. 2007;50:1707–32.

12. Margolis JR, Kannel WS, Feinleib M, et al. Clinical features of
unrecognized myocardial infarction-silent and symptomatic. Eigh-
teen year follow-up: Framingham study. Am J Cardiol. 1973;32:1–7.

13. Boyer JK, Thanigaraj S, Schechtman KB, Perez JE. Prevalence of
ventricular diastolic dysfunction in asymptomatic, normotensive
patients with diabetes mellitus. Am J Cardiol. 2004;93:870–5.

14. Turner RC. The U.K. prospective diabetes study. A review. Diab
Care. 1998;21(Suppl 3):C35–8.

172 A. Prabhakar et al.



15. Kong MF, Horowitz M, Jones KL, Wishart JM, Harding PE.
Natural history of diabetic gastroparesis. Diab Care. 1999;22:
503–7.

16. Wright RA, Clemente R, Wathen R. Diabetic gastroparesis: an
abnormality of gastric emptying of solids. Am J Med Sci.
1985;289:240–2.

17. Huang CJ, Kuok CH, Kuo TBJ, et al. Pre-operative measurement
of heart rate variability predicts hypotension during general
anestheisa. Acta Anaesthesiol Scand. 2006;50:542–8.

18. Tsueda K, Huang KC, Dumond SW, et al. Cardiac sympathetic
tone in anaesthetized diabetics. Can J Anaesth. 1991;38:20.

19. Kitamura A, Hoshino T, Kon T, Ogawa R. Patients with diabetic
neuropathy are at risk of a greater intraoperative reduction in core
temperature. Anesthesiology. 2000;92:1311–8.

20. Bottini P, Boschetti E, Pampanelli S, Ciofetta M, et al. Contribu-
tion of autonomic neuropathy to reduced plasma adrenaline
responses to hypoglycemia in IDDM: evidence for a nonselective
defect. Diabetes. 1997;46:814–23.

21. US Centers for Disease Control and Prevention. National diabetes
fact sheet: general information and national estimates on diabetes
in the United States, 2005. Atlanta: Centers for Disease Control
and Prevention; 2005.

22. Mohamed Q, Gillies MC, Wong TY. Management of diabetic
retinopathy: a systematic review. JAMA. 2007;298(8):902–16.

23. Kadoi Y, Saito S, Fujita N, Goto F. Risk factors for cognitive
dysfunction after coronary artery bypass graft surgery in patients
with type 2 diabetes. J Thorac Cardiovasc Surg. 2005;129:576–83.

24. Salzarulo HH, Taylor LA. Diabetic “stiff joint syndrome” as a
cause of difficult endotracheal intubation. Anesthesiology.
1986;64:366–8.

25. Fishbein H, Palumbo PJ. Acute metabolic complications in
diabetes. In: National diabetes data group. Diabetes in America.
Bethesda (MD): National Institutes of Health, National Institute of
Diabetes and Digestive and Kidney Diseases;1995. p. 283–91.

26. Chiasson JL, Jilwan N, Belanger R, Bertrand S, et al. Diagnosis
and treatment of diabetic ketoacidosis and the hyperglycemic
hyperosmolar state. CMAJ. 2003;168:859–66.

27. Kitabchi AE, Nyenwe EA. Hyperglycemic crises in diabetes
mellitus: diabetic ketoacidosis and hyperglycemic hyperosmolar
state. Endocrinol Metab Clin N Am. 2006;35:725–51.

28. Dierdorf SF. Anesthesia for patients with diabetes mellitus. Curr
Opin Anaesthesiol. 2002;15:351–7.

29. Gandhi GY, Nuttall GA, Abel MD, et al. Intensive intraoperative
insulin therapy versus conventional glucose management during
cardiac surgery. Ann Intern Med. 2007;146:233–43.

30. The NICE-SUGAR Study Investigators. Intensive versus conven-
tional glucose control in critically ill patients. N Engl J Med.
2009;360:1283–97.

31. Park KW. Protamine and protamine reactions. Int Anesthesiol
Clin. Summer 2004;42(3):135–45.

32. Stewart WJ, McSweeney SM, Kellet MA, et al. Increased risk of
severe protamine reactions in NPH insulin-dependent diabetics
undergoing cardiac catheterization. Circulation. 1984;70:788.

24 Diabetes Mellitus 173



25Thyrotoxicosis

Mark R. Jones, Rachel J. Kaye, and Alan D. Kaye

Case
52-year-old female with thyroid nodules presents for total
thyroidectomy.

Thyroid masses were discovered on symptom-based phys-
ical several months ago. Patient symptoms are local pressure
and difficulty swallowing. Her thyroid function is normal. Ini-
tial evaluation with ultrasound showed solid 3 cm mass in the
left thyroid lobe. The rest of the thyroid had additional nodules,
including the index nodule of 2 cm in the isthmus.

Medications Simvastatin 10mg PO daily

Albuterol 90 mcg/actuation inhaler prn

Allergies NKA

Past Medical
History

Hypercholesterolemia

Mild asthma- dx’d one year ago, triggers: cold
air

Past Surgical
History

Anterior cruciate ligament repair

Rotator cuff repair

Tubal ligation

Review of
Systems

Pertinent items are noted in HPI. On direct
questioning,

there is no coronary artery, chronic obstructive
pulmonary,

renal and GI disease

(continued)

Physical Exam VS:BP 132/80 mmHg

HR 78RR 14

SaO2 99%

Weight: 78.926 kg

Height: 1.626 m

Airway: Mallampati score is II. Neck ROM is full. Normal
mouth opening and TM distance. Voice is clear.
Dental: Cracked crown left upper rear
Head and Neck: The airway is midline. Lid lag or eye
prominence is not present. A visible neck mass is in the
midline. To palpation, there is a well-demarcated 2 cm
midline thyroid nodule and a larger, less distinct nodule on
the right. Both are mobile and not fixed. There is no thy-
romegaly. There is no palpable adenopathy on the left. The
carotid upstrokes are normal. The range of motion of the
neck is normal.
Cardiovascular: The cardiovascular exam is normal. The
heart rhythm is regular.
Pulmonary: The pulmonary exam is normal. Breath sounds
are clear to auscultation.
Neurological: The neurological exam is normal. The patient
is oriented x3. There is no tremor and the patient seems to
comprehend well.
Labs: wNL

1. What is the thyroid gland?

The thyroid gland is a butterfly-shaped gland found slightly
inferior to the cricoid cartilage and wrapping around the tra-
chea, to which it is firmly attached, in the anterior and lateral
mid-neck. It is composed of two lobes joined at the center by
an isthmus, which altogether weigh approximately 20 g. As a
hormone-secreting organ, the thyroid commands a significant
blood supply, relying on an extensive capillary network,
which is supplied by the superior and inferior thyroid arteries.
The superior, middle, and inferior thyroid veins each drain
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their respective portions of the thyroid gland. Adrenergic and
cholinergic systems innervate the gland. The superior and
recurrent laryngeal nerves (RLN), branches of the vagus
nerve, innervate the larynx and thyroid. Recurrent laryngeal
nerve and external motor branch of the superior laryngeal
nerve travel close to the gland, which poses a risk for nerve
injury during thyroid surgery. The internal and external
laryngeal nerves branch off from the superior laryngeal nerve,
with the former supplying sensory and autonomic innervation
to the upper larynx, and the latter providing motor innervation
to the cricothyroid and transverse arytenoid muscles. The
remainingmuscles and lower larynx are innervatedwithmotor
and sensory fibers from the recurrent laryngeal nerve. Vocal
cords (VC) are innervates byRLN. It is extremely important to
monitor RLN function during thyroid surgery to prevent VC
paralysis postoperatively. The intraoperative laryngeal EMG
testing is used introperatively to reduce the rate of recurrent
laryngeal nerve injury [1].

2. What is the function of the thyroid gland?

Thyroid gland produces thyroid hormones: triiodothy-
ronine (T3) and thyroxine (T4) from a thyroglobulin pre-
cursor in the thyroid follicles. Thyroglobulin, an iodinated
glycoprotein, comprises the bulk of the proteinaceous colloid
that fills the follicular cells of thyroid gland. Twenty to forty
follicles form a lobule, and these lobules, separated by con-
nective tissue, come together to form the thyroid gland [2].

The production of normal levels of thyroid hormones
(TH) is dependent on adequate dietary iodine intake. When
present, iodine is reduced to iodide in the gastrointestinal
tract, absorbed into the blood, and actively transported into
the thyroid follicular cell in a process known as iodide
trapping. From there, in a process termed organification,
iodide is oxidized and incorporated with thyroglobulin into
monoiodotyrosine (MIT) and diiodotyrosine (DIT), which
are precursors to the hormonally active T4 and T3. The
enzyme thyroid peroxidase (TPO) subsequently catalyzes
the coupling of MIT and DIT molecules into T4 or T3 [1, 2].

Both hormones are reversibly bound to circulating plasma
proteins for transport to peripheral tissues. Approximately
0.02% of the total T4 remains unbound to protein in the cir-
culation, and is known as free T4 [2]. T3 binds to receptors in
target cells with 15-fold greater affinity than T4, and is pro-
portionately more active. T3 and T4 function is to regulate
cellular metabolism by increasing carbohydrate and fat
metabolism, metabolic rate, minute ventilation, heart rate,
contractility, all the while maintaining water and electrolyte
balance, as well as the normal activity of the central nervous
system. All of these systemic effects begin at the cellular level,
where thyroid hormones regulate the nuclear transcription of
messenger RNA. T3 bids to a DNA domain called the thyroid

response element, inducing a plethora of enzymes responsible
for tissue metabolism, such as the ubiquitous Na, K-ATPase.
Thyroid hormones modify cellular energy consumption and
basal metabolic rate can increase as much as 60–100% as a
consequence of increased TH levels. It drives additional glu-
cose to be absorbed in the gastrointestinal tract, and stimulates
glycogenolysis, gluconeogenesis, and insulin secretion, all the
while promoting cellular glucose uptake [3, 4].

3. What controls thyroid function?

The production of thyroid hormones is regulated by the
hypothalamic–pituitary axis, which continuously senses the
concentration of T4 and T3 in the blood. In response to low
thyroid hormone (TH), the hypothalamus releases thy-
rotropin releasing hormone (TRH), which in turn induces the
anterior pituitary gland to release thyrotropin stimulating
hormone (TSH). Somatostatin is released by the hypothala-
mus and inhibits the release of growth hormone (GH,
somatotropin) and thyroid stimulating hormone (TSH) from
the anterior pituitary. As previously stated, iodine is required
to manufacture TH, and hypothyroid status may develop in
an iodine-deficient patient [5].

4. What is Hyperthyroidism?

Hyperthyroidism is condition that occurs due to excess
production of TH. Thyrotoxicosis is the condition that occurs
due to the presence of excess TH, and the term itself refers to
any disorder of increased TH concentration of any cause and
includes hyperthyroidism. Many etiologies of thyrotoxicosis
exist, and Graves’ disease (multinodular goiter) is the most
common cause of hyperthyroidism in the United States.
Graves’ disease occurs more often in women with a female:
male ratio of 5:1 and a population prevalence of 1–2%.
Surgery in goiter cases is indicated for cosmetic reasons or
for airway compromise via tracheal compression [2].

Along with Graves’, toxic adenoma and toxic multin-
odular goiter combine to make up 99% of the cases of
hyperthyroidism in this country. Other common causes
include the earlier stages of Hashimoto’s thyroiditis,
exogenous TH abuse, and de Quervain’s subacute thyroidi-
tis. Diagnoses that present with signs and symptoms similar
to hyperthyroidism is condition that occurs due to excess
production of TH and include other hypermetabolic states
such as malignant hyperthermia, carcinoid, choriocarcinoma,
hydatidiform mole, pheochromocytoma, struma ovarii, and
certain drugs such as antipsychotic agents, anticholinergic
agents, serotonin antagonists, sympathomimetic agents, and
strychnine poisoning. Regardless of etiology, patients with
hyperthyroidism are in a hypermetabolic state and display
signs and symptoms to be discussed later [6, 7].
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5. What are the signs and symptoms of
hyperthyroidism?

By system

• Cardiovascular
– Initially, mean arterial pressure is decreased via

interaction of TH with vascular smooth muscle. This
activates the renin–angiotensin–aldosterone system,
which increases blood volume, eventually resulting in
an increase in cardiac output, heart rate, and ulti-
mately systolic hypertension [3]. This hyperdynamic
circulation may induce heart failure in 6% of patients
over time; and while overt cardiac failure rarely arises
from thyrotoxicosis, thyrotoxic cardiomyopathy with
left ventricular dilation does occur in up to 1% of
thyrotoxic individuals [8, 9].

– Arrhythmias (sinus tachycardia, supraventricular
tachycardia, and atrial fibrillation). Elderly patients
who develop unexplained cardiac problems should be
evaluated for thyrotoxicosis [2].

• Skin
– Increased blood flow causes flushing
– Excessive sweating
– Heat intolerance
– Pretibial myxedema classically occurs in Graves’

disease and is characterized by edematous skin over
the dorsum of the legs and feet

• Respiratory
– Goiter mass effect can compress the trachea leading to

dyspnea, dysphagia, cough, dysphonia, and worsen-
ing of symptoms when lying prone

– The hypermetabolic state of thyrotoxic patients
induces hypercarbia and increased oxygen consump-
tion, resulting in a compensatory increase in minute
ventilation and tidal volumes [4].

• Neurological
– Insomnia despite complaints of extreme fatigue
– Trouble concentrating, confusion, amnesia
– Fine tremor, predominately in the hands
– Hyperactive tendon reflexes

• Eyes
– Sympathetic overstimulation results in a wide, staring

gaze and lid lag
– Exophthalmos (Graves’ disease) secondary to

autoimmune inflammation and edema of extraocular
muscles and retro-orbital tissue [10].

• Gastrointestinal
– Malabsorption, diarrhea, and increased frequency of

bowel movements secondary to decreased gastroin-
testinal transit time

– Acid secretion falls due to parietal cells antibodies in
up to 30% of patients, which may affect drug
absorption [4].

• Hematologic
– Increased plasma volume results in a normochromic,

normocytic anemia
• Metabolic

– TH antagonizes insulin peripherally, resulting in
hyperglycemia

– Increased calorigenesis results in weight loss in spite
of an increased appetite

• Psychological
– Emotional instability, depression, agitation,

nervousness
– Anxiety, restlessness, hyperactivity

• Musculoskeletal
– A Proximal limb muscle wasting and weakness
– Increased bone turnover and osteoporosis, with

resultant changes in parathyroid hormone levels
• Renal

– Increase in tubular reabsorption and secretion, even-
tually producing hyperkalemia and hyponatremia

• Systemic
– The increase in metabolism produces a proportionate

increase of metabolic end products, culminating in
vasodilation and enhanced tissue blood flow [4].

6. How is hyperthyroidism diagnosed?

To investigate any clinical suspicion for hyperthyroidism
and thyrotoxicosis, there are several laboratory tests that are
available. Free T4 and total T4 are commonly measured, and
an elevation in either is indicative, but not confirmatory, of a
hyperthyroid state. The current best test of TH action
remains the TSH assay. Minute changes in thyroid function
can result in dramatic swings in TSH secretion. The normal
level of TSH in the body lies between 0.4 and 5.0 mU/L,
and any TSH less than 0.03 mU/L accompanied by an ele-
vation in T3 and T4 is diagnostic of overt hyperthyroidism.
A thyroid storm patient, on the other hand, may experience
TSH levels less than 0.01 mU/L. To contrast, the TSH of a
patient with overt hypothyroidism can skyrockets to
400 mU/L or more [2].

7. What is thyroid storm?

Thyroid storm, the most feared complication of hyper-
thyroidism, is a sudden, life-threatening surge in the level of
TH that overcomes a patient’s metabolic, thermoregulatory,
and cardiovascular compensatory mechanisms. It typically
occurs in an individual with untreated hyperthyroidism
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under a stress of infection, trauma, or surgery. Thyroid storm
precipitated by stress of surgery usually occurs 6–18 h
postoperatively, rather than intraoperatively. Other causes
are withdrawal of antithyroid medication therapy, radio-
iodine therapy, cerebrovascular accident, diabetic ketoaci-
dosis, myocardial or bowel infarction, pulmonary embolism,
and pregnancy.

Typical findings in thyroid storm involve an exaggeration
of the typical symptoms of hyperthyroidism, such as
tachycardia and hyperpyrexia, anxiety, disorientation, delir-
ium, chest pain, shortness of breath, heart failure, dehydra-
tion, and shock. Thyroid storm carries a high mortality rate,
ranging from 10–30%. Diagnostic criteria for thyroid storm,
established in 1993 by Burch and Wartofsky, are listed in
Table 25.1 [4, 11].

8. What is the treatment for hyperthyroidism, and when
is surgery indicated?

Treatment regimens for thyrotoxicosis begin with medical
management with antithyroid medications (thionamides):
propylthiouracil (PTU) or methimazole (MMI). Both drugs
interfere with TH synthesis through inhibition of organifi-
cation and coupling. PTU also inhibits the peripheral con-

version of T4 to the active T3 molecule. Antithyroid
medications achieve a euthyroid state after 6–8 weeks, after
which the dosage is decreased but continued for up to two
years. Even after prolonged therapy with antithyroid medi-
cations, the majority of patients experience recurrences of
disease [2]. Patients refractory to antithyroid medication or
who experiences relapse of disease may be treated with
radio-ablative iodine therapy or surgery. Surgery is highly
successful and carries a lower risk of developing hypothy-
roidism in the future versus ablative therapy (10–30% vs.
40–70%) [2]. Common complications from thyroidectomy
include hypocalcemia secondary to parathyroid gland dam-
age (9–14%) and vocal cord paralysis (0.7–1%); but with
over 150,000 thyroidectomies performed each year in the
United States, the mortality rate remains low at less than
0.1% [12].

The treatment of pregnant patients with hyperthyroidism
includes low-dose antithyroid medication, but PTU and
MMI can cross the placenta and can cause fetal hypothy-
roidism. If required doses of PTU or MMI during pregnancy
exceed 300 mg/day in the first trimester, subtotal thy-
roidectomy should be performed [2].

Cretinism, the devastating end result of fetal hypothy-
roidism, results in short stature and mental retardation [13].

Table 25.1 Diagnostic Criteria for Thyroid Storm*

Thermoregulatory dysfunction: temperature, F Score Cardiovascular dysfunction: heart rate, bpm Score

99–99.9 5 90–109 5

100–100.9 10 110–119 10

101–101.9 15 120–129 15

102–102.9 20 130–139 20

103–103.9 25 ≥140 25

≥104 30

Central nervous system dysfunction Score Cardiovascular dysfunction: heart failure Score

Absent 0 Absent 0

Mild (agitation) 10 Mild (pedal edema) 5

Moderate (delirium, psychosis, extreme lethargy) 20 Moderate (bibasilar rales) 10

Severe (seizure, coma) 30 Severe (pulmonary edema) 15

Gastrointestinal and hepatic dysfunction Score Cardiovascular dysfunction: atrial fibrillation Score

Absent 0 Absent 0

Moderate (diarrhea, nausea/vomiting, abdominal pain) 10 Present 10

Severe (unexplained jaundice) 20

Precipitant history Score

Absent 0

Present 10

A score of 45 or greater is highly suggestive of thyroid storm; 22-44 suggests an impending thyroid storm; <25 is unlikely to represent a thyroid
storm
*Reproduced from Burch H. B. and Wartofsky L. [31], with permission of Elsevier
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9. What are the pre-anesthetic considerations in a
patient with hyperthyroidism?

To safely perform an elective thyroid surgery, the thy-
rotoxic patient must be made euthyroid prior to the proce-
dure. Normalization and stabilization of TH may be
achieved via a six to eight week regimen of the antithyroid
medications described above (PTU or MMI).
Iodine-containing solution can be used for treatment of
thyroid storm since iodine blocks release of T4 and T3 from
thyroid within hours. High concentration iodide effectively
limits the release of TH from the thyroid gland, but its effects
are short lived. Iodide actually increases total TH stores in
the gland itself, rendering it unacceptable for long-term
therapy.

Preoperative laboratory testing should include a CBC to
evaluate anemia, blood glucose levels, and routine radiologic
studies of the neck to evaluate the degree of upper airway
compression if symptoms of it are present. In patients with
severe tracheal compression, CT, MRI, multi-slice 3D CT,
and high-resolution virtual laryngoscopy based on spiral CT
data can provide valuable information on the extent of thy-
roid growth [14, 15]. In the event of a large goiter, specially
invading mediastinum, where significant bleeding is possi-
ble, a blood type and screen is indicated. Patients should
have eye protection applied via lubricant and eye pads,
especially those with significant proptosis who are particu-
larly vulnerable to ulceration and drying [16].

10. What if the patient is not euthyroid?

In emergent cases, several protocols may achieve more
rapid stabilization of TH levels in the thyrotoxic individual.
Intravenous beta blockers normalize the heart rate and
diminish many symptoms such as anxiety and diaphoresis.
The most commonly utilized beta blocker is a continuous
infusion of intravenous esmolol at 50–500 ug/kg/min in
order to achieve the goal heart rate of less than 85 bpm [17].
While esmolol will not affect any of the underlying
pathologies of hyperthyroidism, the beta blocker propranolol
has tertiary effects similar to PTU, in that it obstructs the
conversion of T4 to T3 in peripheral tissue [2]. If these
peripheral blocking effects are desired intravenous propra-
nolol can be administered.

The second step in an emergent case is to administer
antithyroid medication. It should be recognized that the
thionamides (PTU and MMI) exert a limited effect if taken
for less than two weeks, but should nonetheless be given.
MMI reaches a euthyroid state more rapidly than PTU and is
less associated with side effects such as agranulocytosis,
hepatitis, and vasculitis [18]. Thionamides should also be
administered either orally, through a nasogastric tube, or

rectally, as they do not have a form compatible with intra-
venous delivery. Furthermore, since MMI and PTU only
inhibit the synthesis of TH, iodide preparations should fol-
low 2–3 h afterwards to block the release of TH and further
diminish circulating levels.

Another essential medication for the emergent thyrotoxic
patient are intravenous steroids—glucocorticoids. Dexam-
ethasone will act to decrease TH release as well as lower
peripheral T4 to T3 conversion. Finally, supportive therapies
with fluid and electrolyte replacement, oxygen administra-
tion, and a cooling blanket remain vital measures in emer-
gent surgery on hyperthyroid patient [4].

Thyrotoxicosis does not ameliorate immediately follow-
ing the removal of the thyroid gland; the half-life of T4 is
seven to eight days [19]. Beta blockade must be continued
postoperatively throughout this period, but antithyroid
medication may be halted.

11. What if the patient has a large goiter?

A substantial goiter should concern the anesthesiologist
as it may compress, deviate, or invade and narrow the lumen
of the underlying trachea. CT scan of the neck should be
ordered preoperatively to determine the degree of tracheal
stenosis in patients with large thyroid that shows signs and
symptoms of airway compression.

Flow-volume loops, seldom helpful in a routine setting,
may assist with identification of compromise in patients with
tracheal compression [20]. Variable extrathoracic obstruc-
tion secondary to tumors or tracheomalacia will manifest as
plateauing of the inspiratory limb of the flow-volume loop,
while the expiratory phase maintains airway patency. Vari-
able intrathoracic obstructions, most often due to vocal cord
paralysis, will reveal a plateau in the expiratory phase alone.
Finally, fixed upper airway lesions such as goiter will pro-
duce plateau in both the inspiratory and expiratory cycles of
the flow-volume loop.

Because of its thoracic anatomical position, the superior
vena cava (SVC) is vulnerable to compression as well,
potentially leading to superior vena cava syndrome [4].
Venography is useful to detect SVC syndrome and the
underlying anatomic delineation. In addition to sequelae
such as thrombus formation, headache and vertigo, this
gradual, insidious compression of the SVC may cause ret-
rograde collateral flow and interstitial edema, resulting in
swelling of the face, neck, and upper extremity.

12. What drugs may be used for preoperative sedation?

Slow titration of benzodiazepines with or without the
addition of a narcotic, may be used to elicit the desired level
of sedation and anxiolysis. Anticholinergic drugs such as
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atropine are not recommended as a preoperative medication
due to their propensity to induce tachycardia and interfere
with temperature-regulating mechanisms [2].

13. What kind of anesthetic would you used the
thyroidectomy?

Surgery is performed with general anesthesia with
endotracheal intubation; however, the use of LMA (laryn-
geal mask airway) is becoming popular. Propofol is cur-
rently the induction agent of choice in hyperthyroid patients.
Thiopental is often preferred as it decreases the peripheral
conversion of T4 to T3 secondary to its thiourylene nucleus,
but its availability is currently uncertain. Drugs with sym-
pathomimetic properties system should be avoided, includ-
ing ketamine, atropine, ephedrine and epinephrine.
Similarly, vagolytic drugs such as pancuronium should not
be used as they may induce an increase in heart rate.

14. How should you prepare to intubate this patient?

If significant airway compression exists, intubation may
involve advanced airway devices such as awake fiberoptic
intubation techniques [21]. The anesthesiologist should pass
a reinforced endotracheal tube beyond the point of com-
pression, using minimal preoperative sedation [22]. Indeed,
awake intubation may be preferred, and all parties should be
aware that surgical airways can be quite difficult in these
patients due to anatomic distortion and increased tissue
vascularity. In patients with large airway compression,
small-reinforced anode endotracheal tubes can prevent air-
way collapse. A rigid bronchoscope should be accessible in
case of airway collapse, and the tube itself should be passed
beyond the thyroid gland [2]. The anesthesiologist should
anticipate a difficult intubation in roughly one out of every
twenty thyroidectomies [23].

15. What is appropriate maintenance anesthesia for
patient with hyperthyroidism?

To avoid an exaggerated sympathetic nervous system
(SNS) response to surgical stimulation, it is imperative that
adequate depth of anesthesia be maintained. Increased drug
metabolism is a concern when dosing medications in
hyperthyroid patients. Combined with infusion of remifen-
tanyl or sufentanyl, the volatile anesthetics such as iso-
flurane, desflurane, and sevoflurane therefore become
particularly effective owing to their capacity to quell SNS
responses to surgical stimulation without sensitizing cardiac

tissue to catecholamines. Larger doses of desflurane should
be used with caution, however, due to transient SNS stim-
ulation sometimes seen with sudden increases in desflurane
concentration [24].

The systemic increase in metabolism associated with
thyrotoxicosis may appear to require an increase in mean
alveolar concentration (MAC) to adequately anesthetize the
patient, but this is not the case. Controlled studies in
hyperthyroid animals have shown no clinically significant
increase in anesthetic requirements [25]. An increase in drug
metabolism does not affect the brain partial pressure of the
anesthetic needed to generate the sought after pharmacologic
result. The anesthesiologist should bear in mind, however,
that the occurrence of thyroid storm may indeed alter the
MAC by increasing the body’s temperature, about 5% for
every degree above 37 °C [18]. Intraoperative
electro-physiological monitoring of the recurrent laryngeal
nerve (RLN) is designed to detect and prevent RLN damage
during thyroid surgery. Nondepolarizing neuromuscular
blocker should not be given due to the RLN monitoring.
Antagonism of neuromuscular blockers should involve
glycopyrrolate in combination with an acetylcholinesterase
inhibitor rather than atropine in order to avoid drug-induced
tachycardia, as glycopyrrolate exhibits substantially less
chronotropic effect [26].

Many different RLN monitoring systems have been
studies, including glottis observation, glottis pressure mon-
itoring, endoscopically placed intramuscular vocal cord
electrodes, endotracheal tube-based surface electrodes, and
postcrycoid surface electrodes. Endotracheal tube-based
surface electrodes represent the most common monitoring
equipment format for RLN monitoring for reasons including
safety, utility, and simplicity.

16. How should thyrotoxic patients be monitored during
anesthesia?

Monitoring of the thyrotoxic patient during maintenance
anesthesia should be aimed at recognizing thyroid storm as
soon as possible. Blood pressure and end-tidal carbon dioxide
should be set up initially; core body temperature and cardiac
function via electrocardiogram should be monitored con-
stantly in order to detect any rises in temperature or heart rate.
To prevent hyperthermia, cooling mattresses and chilled
crystalloid solutions are recommended, and the beta blocker
esmolol is recommended to treat tachycardia. Any more
invasive monitoring must be decided on a case-by-case basis.
In the case of thyroid storm, two large bore peripheral intra-
venous lines should be placed along with an arterial line [2, 4].
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17. What are the complications of thyroid surgery and
the appropriate responses?

Thyroid storm is the most feared complication of surgery
on hyperthyroid patients. The diagnosis and treatment is
convoluted by the syndrome’s resemblance to malignant
hyperthermia, carcinoid crisis, and pheochromocytoma. To
differentiate between the common culprits, malignant
hyperthermia and thyroid storm, the physician should recall
that many of the clinical manifestations of malignant
hyperthermia are absent in thyroid storm; specifically,
metabolic acidosis, profound hypercarbia, and muscle
rigidity will not be present in thyroid storm [27]. Further-
more, creatine phosphokinase levels skyrocket in malignant
hyperthermia, and are actually decreased to approximately
half of normal in thyrotoxic etiologies. In fact, patients
suffering from thyroid storm may not even experience ele-
vations from their baseline level of TH, rendering mea-
surement of serum TH of little use. The diagnosis carries a
mortality rate of 10–20%, and there currently exists no
definitive test to diagnose thyroid storm. The pathophysiol-
ogy most likely involves a release of TH from its binding
protein in circulation secondary to binding inhibitors.
Treatment is similar to the emergent hyperthyroid patient
and should begin immediately in the critical setting [7]:

• IV beta blockers to decrease HR to 85 bpm
• IV dexamethasone 2 mg q6
• Oral PTU 200–400 mg q8
• Cooling blankets, ice packs, cool humidified oxygen
• MIVF

Salicylates such as aspirin are contraindicated during
thyroid storm due to their tendency to disproportionately
increase free TH levels by displacing it from binding pro-
teins [26].

18. What are the extubation concerns?

The patient’s ability to protect their airway must be
considered prior to extubation, and the endotracheal tube
should remain in place if there is any concern. Postopera-
tive tracheal collapse resulting from prolonged compression
by a substantial goiter and injury to the recurrent laryngeal
nerves are two notable causes of airway compromise in
these cases [28]. Similar to intubation, if the patient pre-
sents with tracheomalacia or significant compression, a
fiberoptic bronchoscope is recommended to directly visu-
alize patency of the airway, as well as evaluate vocal cord
movement when the bronchoscope and endotracheal tube
are removed. In the event of tracheal collapse, reintubation
should immediately proceed. Be prepared for this scenario

with a laryngoscope, extra endotracheal tubes, and a tra-
cheostomy set [29].

19. What should you monitor postoperatively?

Bilateral injury to the recurrent laryngeal leads to blateral
vocal cord paralysis. This serious condition requires emer-
gency intervention-intubation to resolve the potentially
life-threatening respiratory distress. In case of bilateral RLN
injury immediate revision neck surgery may help to indicate
the type of RLN damage, which is a predictor of functional
recovery and major factors influencing future therapeutic
management. More commonly, however, the recurrent
laryngeal nerve is damaged unilaterally; hoarseness and risk
of aspiration are thus more common and problematic than
respiratory obstruction [4]. RLN injury is more common in
operations for thyroid carcinoma, hyperthyroid (toxic) goiter
and recurrent goiter cases.

Other causes of postoperative respiratory compromise
include hemorrhage, pneumothorax, hypocalcemia, and tra-
cheomalacia. Formation of neck hematoma can occur
rapidly and without warning, prompting emergent inter-
vention for any sign of respiratory failure. Emergent opening
of incision site and draining of hematoma has to be per-
formed. Any sign of airway compromise should prompt
emergent endotracheal intubation before edema from venous
and lymph restriction compromises the airway. Corticos-
teroids and racemic epinephrine may decrease laryngeal
edema, but should not be a substitute for intubation. Pneu-
mothorax is possible when surgical dissection extends to the
mediastinum, and in such instances must remain in the dif-
ferential diagnosis of postoperative respiratory compromise.
Hypocalcemia can occur in total thyroidectomies by inad-
vertent excision of the parathyroid glands. Circumoral and
digital numbness and tingling will precede stridor and air-
way obstruction if calcium is not supplemented. This occurs
most often within 3 days postoperatively, but rarely in the
immediate postoperative period [2, 30].
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26Pheochromocytoma

Julie A. Gayle, Ryan Rubin, and Alan D. Kaye

CASE PRESENTATION:
A 65-year-old male with labile hypertension, episodes of

angina relieved with nitroglycerin, and elevated creatinine
presents for right adrenalectomy for a recently diagnosed
adrenal mass on MRI. Patient has occasional palpitations
and diaphoresis. Stress test revealed no signs of acute
ischemia. Cardiac catheterization revealed two-vessel coro-
nary artery disease [1].

• Medications (by mouth):
– isosorbide mononitrate 120 mg daily
– amlodipine besylate 5 mg daily
– enalapril 20 mg daily
– atorvastatin 40 mg daily
– gemfibrozil 600 mg daily
– aspirin 325 mg daily
– potassium 20 meq daily
– nitroglycerin prn
– fluoxetine 20 mg daily

• Past medical history
– Hypertension
– Coronary artery disease
– Hypercholesterolemia
– Familial tremor
– Depression

• No known drug allergies
• Physical exam

– Height 5′ 11′′ Weight 85 kg BMI 26
– VS BP 180/105 (patient reports he had not yet taken

his daily antihypertensive medications) HR 90 RR 18
SaO2 98%

– Cooperative, yet anxious appearing gentleman with a
constant tremor most prominent in his hands

– Airway exam—Mallampati class 1 with good mouth
opening and thyromental distance

– CV exam III/IV systolic murmur at the upper right
sternal border with no carotid bruits

– Lungs clear to auscultation bilaterally
• Lab/imaging of note

– Creatinine of 1.5 mg/dL
– Hemoglobin 13.5 mg/dL
– EKG normal sinus rhythm with occasional premature

ventricular contractions, left ventricular hypertrophy,
and nonspecific ST and T wave changes

– Transthoracic echocardiogram showed a normal
ventricular function with an ejection fraction of 79%,
left ventricular hypertrophy, and aortic sclerosis

– MRI showed a large right adrenal mass 1.8 cm by
6 cm with central necrosis [1].

1. What is a pheochromocytoma?

Catecholamines secreting neuroendocrine tumors arising
from the chromaffin cells of the sympathoadrenal system are
known as pheochromocytomas. A rare and potentially lethal
neuroendocrine tumor, pheochromocytomas are typically
found in the adrenal gland. However, extraadrenal
pheochromocytomas are tumors that originate in the ganglia
of the sympathetic nervous system. More specifically, 85% of
pheochromocytomas are adrenal and 15% are extraadrenal.
Extraadrenal sites include cranial nerves, sympathetic ganglia
in the pelvis, mediastinum or neck. The most common
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extraadrenal site in the abdomen is at the origin of the inferior
mesenteric artery called the area of Zuckerkandl [2].

2. What is the incidence of pheochromocytoma?

Pheochromocytoma occurs in about 0.01–0.1% of patients
with hypertension [3]. The actual incidence of pheochromo-
cytoma is difficult to report accurately due to historic incon-
sistencies in the precise definition of pheochromocytoma.
Estimates are 500–1600 cases per year yielding a prevalence
of 1:6500 to 1:2500 in the United States [4]. While
pheochromocytomas may occur at any age, they are most
common in the fourth to fifth decades of life. Among men and
women, pheochromocytoma is equally common [5].

3. What is the function of the adrenal gland?

Adrenal glands have two functionally separate units
contained within one capsule. The adrenal cortex and the
adrenal medulla are two different units within the adrenal
gland each having distinct embryologic and functional
characteristics [6]. The adrenal cortex has three functional
zones and secretes mineralocorticoids, glucocorticoids, and
sex steroids. The adrenal medulla synthesizes and secretes
catecolamines. These catecholamines include epinephrine,
norepinephrine, and dopamine and modulate the body’s
sympathetic response to stress. Excessive secretion of epi-
nephrine and norepinephrine from the adrenal medulla are
responsible for the signs and symptoms associated with
pheochromocytomas.

4. Describe the pathophysiology of pheochromocytoma.

The English meaning of the word pheochromocytoma as
interpreted from theGreek language is “dusky-colored tumor”
referring to the color these cells acquire when stained with
chromium salts [7]. During embryonic development, the
chromaffin cells that evolve into pheochromocytomas settle
near the sympathetic ganglia, vagus nerve, paraganglia, and
carotid arteries. Some of these chromaffin tissues may land in
other sites such as the renal and hepatic hili, gonads, bladder
wall, prostate, and rectum [8]. The effect of large amounts of
catecholamines in circulation, specifically epinephrine and
norepinephrine, is responsible for the pathophysiologic pro-
cesses that occur in patients with pheochromocytoma.

Alpha-adrenergic and beta-adrenergic receptors mediate
the actions of catecholamines. Vascular constriction is a
result of alpha-1 receptor stimulation. Alpha-2 receptors
mediate the presynaptic feedback inhibition of nore-
pinephrine release. Cardiac rate and contractility is increased
by beta-1 receptor activity. Beta-2 receptor receptors mod-
ulate arteriolar and venous dilation and relaxation of bron-
chial smooth muscle [8]. Excessive secretion of the

catecholamines epinephrine, norepinephrine, and rarely
dopamine into circulation leads to severe and refractory
hypertension.

Some precipitants of hypertensive crisis in patients with
pheochromocytoma include [9]:

• Induction of anesthesia
• Childbirth
• Certain opioids
• Dopamine antagonists (metoclopramide)
• Beta-blockers
• Cold medications
• Radiographic contrast media
• Drugs that inhibit catecholamine reuptake

– Cocaine
– Tricyclic antidepressants

5. What are the signs and symptoms of
pheochromocytoma?

Although pheochromocytoma is the cause of sustained
hypertension in less than 0.1% of hypertensive patients,
approximately 50% of patients with pheochromocytoma
have sustained hypertension. Paroxysms of palpitations,
hypertension, diaphoresis, headaches, and feelings of
impending doom may be present at the time of diagnosis [4].
By system:

Neurologic
Headache, diaphoresis, feelings of apprehension and

anxiety, tremors, hypertensive encephalopathy, seizures

Cardiovascular/cardiopulmonary
Hypertension, palpitations, tachycardia, diaphoresis, pal-

lor, dyspnea, orthopnea, postural hypotension (volume
contraction), congestive heart failure, pulmonary edema,
cardiomyopathy, tachyarrythmias

Gastrointestinal
Nausea, diarrhea, abdominal pain, malnutrition, weight

loss, metabolic disturbances including impaired glucose
control and insulin resistance

6. What is the more common clinical presentation of
pheochromocytoma?

The “classic triad” of symptoms in a patient with
pheochromocytoma includes episodic headache, sweating,
and tachycardia. These symptoms strongly suggest a diagno-
sis of pheochromocytoma. Approximately 50% of patients
will have paroxysmal hypertension making hypertension,
paroxysmal or sustained, the most common sign of
pheochromocytoma. Headaches occur in up to 90% of
symptomatic patients; while up to 70% of symptomatic
patients experience sweating [10, 11].
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7. How is pheochromocytoma diagnosed?

Diagnosis is based on clinical manifestations. Once a
clinical diagnosis is made, biochemical diagnostic tests to
detect excessive catecholamine excretion are indicated.
These tests include plasma metanephrine testing, and 24 h
urine collection for catecholamines and metanephrines [12,
13].

Test selection is based on risk. Patients at high risk
include those with predisposing genetic syndromes or family
and/or a personal history of pheochromocytoma. When
associated with multiple endocrine neoplasia type 2
(MEN2), symptoms are present in approximately 50% of
patients; however, only one-third of patients have hyper-
tension [14]. In patient populations considered high risk,
plasma metanephrine testing is preferred. Urine 24 h col-
lection for catecholamines and metanephrines is indicated in
patients at lower risk.

Other biochemical tests include urinary vanillylmandellic
acid (VMA) levels and clonidine suppression test. Uri-
nary VMA level is an older and less expensive test, but it is
nonspecific. Clonidine suppression test lowers plasma cate-
cholamines in patients without tumor and has no effect on
patients with pheochromocytoma [7].

Imaging studies such as abdominal CT scanning or MRI
should be performed after the above testing confirms the
diagnosis of pheochromocytoma.

8. What is the treatment for pheochromocytoma?

Treatment of choice for pheochromocytoma is surgical
resection. In order to avoid high rates of mortality, opti-
mization, and presurgical medical stabilization requires a
multidisciplinary approach. A collaborative effort with
experienced healthcare providers including surgeon(s),
anesthesiologist(s), and an endocrinologist offers the lowest
possible surgical risk to the patient.

9. What are preoperative considerations for a patient
with a pheochromocytoma?

Adrenergic receptor blocking agents are used to reduce
the risk hypertensive crisis during induction of anesthesia
and tumor manipulation. Alpha-adrenergic antagonists aim
to normalize blood pressure, heart rate and function and help
to restore intravascular volume. Other preoperative concerns
include assessment of end-organ dysfunction due to the
disease process and normalization of glucose and electrolyte
levels [15].

Of equal importance is knowledge and avoidance of those
drugs that are contraindicated in patients with pheochro-
mocytoma and that may provoke a hypertensive crisis [16].

TABLE: Common medications to avoid in patients with
pheochromocytoma

• Opioid analgesics
– Morphine
– Tramadol
– Naloxone

• Antiemetics
– Metoclopramide
– Prochlorperazine

• Corticosteroids
• Norepinephrine reuptake inhibitors
• Selective serotonin reuptake inhibitors
• Linezolid
• Nasal decongestants

– Pseudoephedrine
– Phenylpropanolamine

• Tricyclic antidepressants
• Monoamine oxidase inhibitors type A
• Intravenous glucagon
• Weight loss supplements
• Attention deficit hyperactivity medications

** lists above are examples only and not completely
inclusive**

Other preoperative concerns include instructions on foods
and beverages containing tyramine. Large amounts of tyra-
mine exacerbate uncontrolled catecholamine release [16].

TABLE: Common foods to avoid in patients with
pheochromocytoma

• Nuts (peanuts, brazil coconuts)
• Beers and wine
• Chocolate
• Cured and smoked meats
• Aged cheeses
• Fermented soy bean or fish products
• Certain fruits and vegetables (bananas, pineapples, avo-

cados, fava beans, eggplant)

**lists above are examples only and not completely
inclusive**

10. Describe preoperative adrenergic blockade and vol-
ume preparation of a patient with pheochromocy-
toma presenting for surgery.

All patients with pheochromocytoma are treated with
alpha-adrenergic blockade for 1–2 weeks prior to surgery.
Phenoxybenzamine, is a long acting, noncompetitive alpha
antagonist. It is prescribed in an escalating dose to achieve a
reduction in symptoms and blood pressure stabilization prior
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to surgery [15]. Because it is long acting and irreversible,
phenoxybenzamine can be cause refractory hypotension
following removal of the adrenal gland and into the post-
operative period. Phenoxybenzamine can provoke tachy-
cardia by blocking the alpha-2 receptors on the presynaptic
membrane and subsequent increased norepinephrine release
by the cardiac sympathetic nerve endings. Once alpha
blockade is established, beta-blockers can be used to treat
tachycardia and arrhythmias. Failure to establish
alpha-adrenergic blockade prior to use of beta-blockers can
result in congestive heart failure.

Doxazosin, prazosin, terazosin are selective, short-acting
alpha-1 adrenergic blockers. As a group, these drugs result
in less reflex tachycardia and a lower incidence of postop-
erative hypotension. However, use of theses short-acting,
selective alpha-1 receptor blockers may not provide ade-
quate control of perioperative hypertensive episodes. Cal-
cium channel blockers have been used alone or in
combination with selective alpha-1 receptor blockers to
control blood pressure in patients with pheochromocytoma
[17]. Calcium channel blockers block norepinephrine
mediated calcium influx into vascular smooth muscle aiding
in controlling hypertension and tachyarrythmias. Thought to
be less effective than alpha adrenoreceptor blockade, cal-
cium channel blockers may be used to supplement
adrenoreceptor blockade in patients with inadequate blood
pressure control [18].

Roizen criteria assess the adequacy of preoperative
management of pheochromocytoma and continue to be cited
as guide to reducing perioperative morbidity and mortality
[19, 20]. Criteria include:

• No in-hospital blood pressure >160/90 mmHg for 24 h
prior to surgery

• No orthostatic hypotension with blood pressure less than
80/45 mmHg

• No ST or T wave changes for 1 week prior to surgery
• No more than five premature ventricular contractions per

minute

Recent attention has been focused on the use of magne-
sium sulfate, clevidipine, and vasopressin as agents effective
in perioperative management of patients with pheochromo-
cytoma. Although not new to management of pheochromo-
cytoma, magnesium sulfate has demonstrated efficacy for
hemodynamic control before tumor resection in adults,
children, and other rare circumstances such as pregnancy.
Clevidipine, a calcium channel blocker, provides rapid
titration and precise hemodynamic control in the manage-
ment of hypertensive crisis before tumor resection. Follow-
ing tumor resection, vasopressin has demonstrated
usefulness in managing catecholamine-resistant shock [21].

Currently, it appears that institutional preference governs
whether to use alpha or specific alpha-1 adrenergic receptor
blockers. Both are widely accepted for preoperative man-
agement of the patient with pheochromocytoma [18].
Weighing of risks and benefits of each drug class, severity of
symptoms, therapeutic effects and side effects during the
perioperative period warrants careful consideration in
preparing a patient with pheochromocytoma for surgical
resection.

11. What are anesthetic considerations in a patient pre-
senting for surgical resection of pheochromocytoma?

General and neuraxial anesthesia in combination have
been successfully used for pheochromocytoma resection.
The important concept is to avoid wide swings in blood
pressure. In order to promptly recognize and treat sudden
extremes of blood pressure, vigilance in the form anticipat-
ing provocative events, ensuring proper monitoring includ-
ing arterial line placement, and adequate intravenous access
are required. Drugs should be immediately available to
correct periods of hemodynamic instability. Drugs that blunt
sympathetic response during times of hemodynamic stimu-
lation including nitroglycerin, nitroprusside, nicardipine, and
propofol may be useful [4].

Other drugs that are considered safe for use in patients
with pheochromocytoma include benzodiazepines, etomi-
date, fentanyl, alfentanil, remifentanil, rocuronium, vecuro-
nium, isoflurane, and sevoflurane. Desflurane can cause
significant sympathetic stimulation and is probably best
avoided in patients with pheochromocytoma [4].

TABLE: Predictable triggers of hemodynamic instability

• Induction and intubation
• Pneumoperitoneum during laparoscopic approach
• Surgical incision
• Tumor manipulation and abdominal exploration
• Ligation of venous drainage

Proper large bore intravenous access and monitoring in
the form of invasive arterial blood pressure, central venous
pressure monitoring, 5 lead EKG monitoring, pulse oxime-
ter, end tidal CO2, urinary catheter, blood glucose, and
temperature monitoring are indicated. In patients with car-
diomyopathy, cardiac output monitoring is suggested.

Avoiding drugs commonly used in the administration of
anesthesia that may precipitate a hypertensive crisis is crit-
ical. Drugs that increase sympathetic tone such as ketamine,
ephedrine, pancuronium, metoclopramide should not be
used in patients with pheochromocytoma [22]. Histamine
provoking drugs such as morphine and atracurium
should also be avoided. Droperidol, especially at higher
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doses, has been associated with hypertensive crisis in
patients with pheochromocytoma [4].

12. What are the intraoperative considerations for a
patient with a pheochromocytoma?

Intraoperative goals during surgical removal of
pheochromocytoma are to avoid drugs and maneuvers that
might produce a catecholamine surge, maintain cardiovas-
cular stability and manage hemodynamics and volume status
following tumor removal.

Specific variables are reported to predispose patients
undergoing surgical resection of pheochromocytoma to
increased intraoperative hypertension. These variables
include a high norepinephrine production and a larger tumor
size (greater than 4 cm.) Other variables include patients
with a high blood pressure at presentation and after
alpha-adrenergic blockade (mean arterial pressure greater
than 100 mmHg). Patients with a postural drop in blood
pressure greater than 10 mmHg after alpha receptor block-
ade also demonstrate a predisposition to develop intraoper-
ative hypertension [23].

13. Surgical approach and hemodynamic considerations.

With advancements in tumor localization imaging, a
laparoscopic approach to pheochromocytoma resection offers
decreased postoperative pain and a quicker recovery. Pneu-
moperitoneum and tumor manipulation lead to excessive
catecholamine secretion and sudden dramatic increases in
blood pressure. In addition, insufflation with carbon dioxide
gas contributes to hypercarbia leading to increased sympa-
thetic tone. Spikes in blood pressure associated with tumor
manipulation should be treated with short-acting agents such
as phentolamine, esmolol, or labetalol. Background infusions
of inhalational agents and vasoactive infusions such as
nitroglycerin, nitroprusside, and nicardipine have been used
successfully to control hypertensive episodes related to sur-
gical manipulation of the tumor as well [4]. Review of the
literature turns up mostly multidrug combinations for con-
trolling intraoperative spikes in blood pressure. Significant
hypertension should not be tolerated. To avoid significant
and refractory hypotension following adrenal vein ligation
and tumor removal, use of short-acting drugs that mimic
expected duration of the hypertensive spikes related to tumor
manipulation are recommended. The following is a list of
several drug combinations that have been successfully used
intraoperatively to manage significant hypertensive episodes
prior to surgical removal of pheochromocytoma [4]:

• labetalol infusion
• prazosin and metoprolol

• dexmedetomidine, remifentanil, nitroprusside, and
labetalol

• nitroglycerin, esmolol, and clonidine

14. Discuss catecholamine withdrawal after venous
ligation.

A combination of factors may contribute to refractory
hypotension following ligation of the adrenal veins. These
include residual alpha blockade from phenoxybenzamine
and a sudden drop in circulating catecholamines. Other
causative factors include downregulation of adrenoreceptors,
contralateral adrenal gland suppression, myocardial dys-
function, and hypovolemia from blood and fluid losses.
Volume loading before tumor ligation is preferable to ini-
tiating vasoactive medications unless fluid boluses prove
ineffective. If necessary, phenylephrine, vasopressin, and
norepinephrine are acceptable [8].

15. What are the postoperative considerations after
surgical removal of a pheochromocytoma?

In the immediate and prolonged postoperative period,
complications such as hypotension, hypertension, and
hypoglycemia can occur. Hypertension occurs in approxi-
mately 50% of patients for a few days. Elevated levels of
catecholamines can persist up to a week after tumor resec-
tion necessitating antihypertensives. Also, pheochromocy-
toma tumor may still be present. Persistent hypotension may
be due to residual alpha-adrenergic blockade or
intra-abdominal bleeding [8]. Anecdotal reports of
hypotension requiring 48 h of vasopressors can be found in
current literature. Hypoglycemia resulting from excessive
rebound secretion of insulin may occur after tumor removal
and has been reported for up to 6 days postoperatively.
Altered mental status following general anesthesia and pain
medications may cloud diagnosis and prompt recognition
and treatment of hypoglycemia [17].

16. Special circumstances:
• Pregnancy and pheochromocytoma

Pheochromocytoma is a rare and dangerous cause of
hypertension during pregnancy. Clinical features of
pheochromocytoma in pregnancy are similar to that
of the general population. Postural changes,
mechanical effects of the gravid uterus, uterine con-
tractions, and increased fetal movements may pre-
cipitate paroxysmal attacks [24]. The supine position
during pregnancy may cause tumor compression and
paroxysmal supine hypertension that is absent in the
sitting or standing position. Hypertension and pro-
teinuria may be diagnosed as pre-eclampsia rather
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than pheochromocytoma. Management of
pheochromocytoma in pregnancy once diagnosed is
similar to the general population. Phenoxybenzamine
and if needed beta-adrenergic blockade are generally
considered safe in pregnancy for treating pheochro-
mocytoma. Although phenoxybenzamine crosses the
placenta and may cause perinatal depression and
transient hypotension [25]. Hydralazine or labetalol
in combination with magnesium sulfate are also
useful in treating hypertension and arrhythmias
resulting from excessive catecholamine excretions
during pregnancy [26]. Diagnosis of pheochromo-
cytoma during pregnancy carries a high risk of
maternal and/or fetal mortality. Cesarean section is
the preferred mode of delivery. Vigorous fetal
movements and labor may be associated with
hypertensive crisis. Diagnosis of pheochromocytoma
early in pregnancy offers a choice of surgical inter-
vention to remove the tumor; hopefully followed by
an uneventful pregnancy [27]. Diagnosis of
pheochromocytoma later in pregnancy may result in
conservative medical management until the fetus in
nearer to term and an elective cesarean section and
tumor removal can be performed [28].

• Undiagnosed pheochromocytoma
The classic symptoms of pheochromocytoma are
headache, palpitations, and excessive sweating in
addition to paroxysmal hypertension. All three of
these classic symptoms only occur in less than 50%
of patients. Sustained hypertension occurs in more
than 50% of patients with pheochromocytoma and
may be mistakenly thought to be essential hyper-
tension. Other symptoms associated with pheochro-
mocytoma may also be attributed to other more
common causes rather than this rare neuroendocrine
tumor. Nevertheless, a patient with undiagnosed
pheochromocytoma undergoing anesthesia and sur-
gery is at risk for an unanticipated, life-threatening
hypertensive crisis. Factors triggering pheochromo-
cytoma crisis in a patient with an undiagnosed tumor
include the typical sequence of events during
induction of anesthesia and surgical events. Anxiety
in an awake patient, light anesthesia during intuba-
tion and/or surgery, and mechanical factors including
straining, scrubbing, tumor manipulation, and carbon
dioxide insufflation for laparoscopy may all trigger
excessive release of catecholamines from pheochro-
mocytoma and hypertensive crisis refractory to the
typical treatments [29]. If occult pheochromocytoma
is suspected, judicious use of short-acting vasodila-
tors such as phentolamine or nitroprusside may prove
effective. In the event of extreme tachycardia, beta

blockade should only be used after alpha blockade is
adequate to avoid unopposed alpha receptor activity
and subsequent vasoconstriction, hypertension, and
heart failure [29]. If at all possible, aborting the
surgical procedure is probably wise [27].
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27The Full Stomach

Scott Switzer and Derek Rosner

You are called urgently to the radiology suite to provide
sedation for a 25-year old, otherwise healthy male undergo-
ing MRI of the head. He is s/p MVA (motor vehicle accident)
with an open femur fracture and has become agitated. The
radiologist is uncomfortable providing conscious sedation.

Medications: Methyphenidate LA, Dilaudid (hydromorphone)
2 mg (In ED)

Allergies: None

PMHx: ADHD

Physical Exam:

Vital Signs: HR 115 BP 140/90 RR 24 SpO2 99% NC
O2@3 L/m

HEENT: C-collar in place

Full lumberjack beard

Pupils miotic, equal, sluggish

Uncooperative with airway exam

Otherwise unremarkable

Labs: Unremarkable other than blood alcohol level of 0.25%

NPO status unknown

Other commonly used GERD, LES

(1) What constitutes a “Full Stomach”?

In anesthesia, the term “full stomach” applies to patients
that have recently ingested foods and/or have pharmaco-
logic, metabolic, anatomic, or hormonal conditions, which
impair gastric emptying. Full stomach patients are at a
greater risk for pulmonary aspiration of gastric contents
during all phases of an anesthetic.

The most important factors leading to complications from
aspiration are the gastric volume and pH. Studies point to
gastric volumes around 20 cc/kg (←check this number) and
a pH <2.5 correlating to more severe complications of
aspiration.

As an example, pregnant patients in the third trimester are
considered “full stomach” even if they have obeyed fasting
criteria.

(2) What are the risk factors that increase the likeli-
hood of gastric aspiration?

Risk factors that increase the likelihood of gastric aspi-
ration include anatomic, pharmacologic, metabolic, auto-
nomic, and hormonal states that impair gastric emptying or
impair protective airway reflexes. These include, but are not
limited to:

Autonomic neuropathy
Augmented adrenergic state (stress, pain, etc.)
Alcohol intoxication
Opioid administration/sedation
Anticholinergic medications
Traumatic head injury
Encephalopathy
Nasogastric intubation (impaired gag reflex, altered LES
tone)
Bowel obstruction/acute abdominal pathology
Obesity
Pregnancy
Hiatal hernia

A diabetic patient with profound autonomic neuropathy
may have impaired gastric emptying. In addition, patients
with large hiatal hernias, morbid obesity, and pregnancy
may have a higher likelihood of gastric aspiration because of
the cephalad displacement of the gastroesophageal junction
and loss of lower esophageal sphincter (LES) tone [1].
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(3) How does obesity or GERD affect the risk for gastric
aspiration? What if the GERD is well controlled?

Morbidly obese patients with large truncal adiposity may
have displacement of their gastroesophageal junction
cephalad, altering LES pressure and increasing the risk for
gastric aspiration. In addition, obese patients are at greater
risk for developing type 2 diabetes-induced autonomic
neuropathy, which could slow gastric emptying. Patients
with GERD generally are NOT at greater risk for gastric
aspiration, unless their GERD is secondary to a large hiatal
hernia or another process which has altered LES tone.
Patients with well-controlled GERD are generally consid-
ered low risk for gastric aspiration [1].

(4) What pharmacologic measures can be employed
(have been demonstrated) to minimize the risk of
gastric aspiration?

While there are no agents that have demonstrated a
decrease in the risk of gastric aspiration, some pharmaco-
logic interventions can be employed to potentially mitigate
any sequelae. The only agents available that BOTH decrease
gastric volume and increase gastric pH are proton pump
inhibitors (PPI) and histamine-2 blockers, such as famotidine
(H2-blocker) or esomeprazole (PPI). Other agents that can
be considered in high risk patients include metoclopramide,
a gastric pro-kinetic agent that works by blocking dopamine
receptors. This agent both increases LES tone and promotes
gastric motility. Sodium citrate is a non-particulate antacid
which can be used to increase gastric pH.

(5) What factors affect LES pressure?

The LES is a 2–4 cm high pressure region at the gas-
troesophageal junction. Different from the remainder of
esophagus, the LES maintains an increased resting tone
secondary to cholinergic influences and calcium influxes.
However, many ingestible, pharmacologic, and anatomic
factors can alter this relationship. The following is a list of
the most common factors:
Foods:

Chocolate
Ethanol
Peppermint
Caffeine

Hormones:

CCK
Progesterone

Secretin
Glucagon
Somatostain
VIP

Autonomic nervous system:

Beta-adrenergic agonists
Alpha-adrenergic antagonists
Anticholinergics

Others:

Theophylline
Smoking
Morphine, meperidine
Calcium-channel blockers
Diazepam
Dopamine

(6) What factors are involved in the decision to place a
nasogastric tube (NGT) prior to the induction of
general anesthesia?

In patients with a full stomach, it would be beneficial to
decrease the volume of gastric contents prior to the admin-
istration of medications, which will ablate the protective
airway reflexes. This is especially true in cases in which
there is significant abdominal distention due to obstruction
of the GI tract, leading to the accumulation of GI gas and
liquid secretions. The goal of “decompressing the stomach”
is a worthy one, but should be considered carefully.

NGT insertion is uncomfortable at best, and uncooperative
patients may not tolerate the procedure without significant
sedation, possibly jeopardizing the protective pharyngeal
reflexes we wish to protect. The procedure can also cause
bleeding, and trauma to the naso/oropharynx, making laryn-
goscopy more difficult. In addition, it should be noted that
NGT suction will rarely yield a completely empty stomach.

The presence of a gastric tube in the esophagus and
stomach can also compromise LES tone, and has been
identified as a risk factor for aspiration. For this reason,
many practitioners will remove the NGT prior to induction.

In this patient, several factors argue against NGT place-
ment prior to the induction of general anesthesia. First, the
history of head trauma raises the possibility of a fracture of
the cribriform plate, leading to possible intracranial injury
during placement. Secondly, given this patient’s altered and
deteriorating mental status NGT placement could provoke
agitation, retching or emesis, and would most certainly lead
to an aggravated sympathetic response. All of these are to be
avoided in the brain injured patient. It is therefore reasonable
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to argue that NGT placement in this patient would be
unwarranted and potentially dangerous.

(7) What is a “protected airway”?

The ideal “protected airway” is a conscious patient with
intact airway reflexes. When these conditions are not pre-
sent, a “protected airway”, as described by anesthesia pro-
viders, is a cuffed endotracheal tube inflated in the trachea.
An LMA would NOT be an example of a protected airway.

(8) What is a “rapid sequence induction?”

Rapid sequence induction in anesthesia refers to the
process and sequence of drug delivery in an effort to secure a
patient’s airway expeditiously, minimizing the risk of gastric
aspiration. In a rapid sequence induction, after application of
ASA standard monitors and denitrogenation, an induction
agent is introduced intravenously followed by a fast acting
muscle relaxant, in rapid succession. In addition, cricoid
pressure is applied before the patient is anesthetized in an
effort to compress the esophagus against the posterior por-
tion of the cartilaginous ring, minimizing the risk for gastric
aspiration. Prior to direct laryngoscopy, NO positive pres-
sure breaths are delivered. Once an endotracheal tube is
confirmed to be in the appropriate location with bilateral
breath sounds and the cuff is inflated, the airway is consid-
ered secure and cricoid pressure is relieved.

(9) What is cricoid pressure? What is the utility of
cricoid pressure during rapid sequence induction?

Cricoid pressure, or Sellick’s maneuver, refers to the
application of downward (posterior) force, applied to the
anterior aspect of the cricoid cartilage during rapid sequence
induction, with the aim to prevent the reflux and aspiration
of gastric contents. As the cricoid cartilage is the only
continuous ring in the glottis, it is used to compress, and
hopefully occlude the esophagus posteriorly against the
anterior aspect of the vertebral bodies. Traditionally, 10–
20 N of force are applied prior to induction, with an increase
of 30–40 N after induction. Cricoid pressure is not released
until the establishment of a protected airway is confirmed via
auscultation of the lungs, and if possible, the detection of
expired CO2.

Despite the intuitive usefulness of this maneuver, clinical
benefit has not been repeatedly demonstrated. Several studies
have shown that practitioners, even when well trained, do not
perform effective compression of the cricoid ring, either by
failing to accurately locate the cricoid, by applying an incorrect
amount of force to the cricoid, or by applying force in such a
way as to displace the esophagus laterally, rather than

posteriorly. Additionally, even correctly applied cricoid pres-
sure has been shown to obscure the view of the glottis, or to
interfere with the passage of the endotracheal tube during
intubation. Other complications associated with the application
of cricoid pressure include nausea, vomiting and aspiration in
non-anesthetized patients, esophageal rupture, and exacerba-
tion of unrecognized airway or cervical spine injuries.

Largely due to the unproven clinical benefit of cricoid
pressure and the potential for delaying the expeditious
establishment of a protected airway, there is considerable
controversy surrounding the utility of cricoid pressure during
RSI. Despite this, it is still considered by many to be stan-
dard of practice, and should not be abandoned without
consideration of the clinical situation at hand.

(10) What neuromuscular blocking drugs should be
employed during a rapid sequence induction? How
would you choose?

Both classes of muscle relaxants (depolarizing and
non-depolarizing) can be employed for a rapid sequence
induction. Classically, succinylcholine, a depolarizing mus-
cle relaxant, is employed to facilitate endotracheal tube
placement in a rapid sequence induction. However, if con-
traindications to succinylcholine exist (history of malignant
hyperthermia or an elevated potassium level, etc.), rocuro-
nium, a non-depolarizing muscle relaxant, can be employed.
The conventional dose of rocuronium for a standard anes-
thetic induction is 0.6–0.7 mg/kg. However, for a rapid
sequence induction utilizing rocuronium, the dose is
increased to 1.2 mg/kg to decrease to time to achieve ade-
quate intubating conditions.

(11) What are the pros and cons to MAC anesthesia for
this patient?

In this case, MAC anesthesia could be employed. The
benefits of this technique include avoidance of airway
instrumentation, given his potential cervical spinal injury,
and avoidance of possible difficulties with both mask ven-
tilation (note full lumberjack beard) and intubation (cervical
spine collar in place). However, given the patient’s intoxi-
cated state, unknown NPO status, and recent agitation,
providing safe and adequate sedation may be a challenge. In
addition the patient’s inaccessible position in the MRI
scanner would lead most to establish a secure airway prior to
beginning the study. If a MAC anesthetic is chosen, avoid-
ance of agents that would abolish pharyngeal reflexes (in the
event of aspiration) or cause respiratory depression (given
the patient’s airway state, potential intracranial hypertension,
and distant location in the scanner) is appropriate. Accept-
able agents for a MAC anesthetic might include the alpha-2
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agonist dexmedetomidine and the NMDA-antagonist keta-
mine (assuming no intracranial hypertension exists).

(12) What are the pros and cons to awake fiberoptic
intubation for this patient?

Advantages of an awake fiberoptic intubation in this
patient include securing the airway in a fashion that allows
the patient to spontaneously breathe and does not abolish
pharyngeal reflexes in the event of emesis. However, diffi-
culties in performing an awake fiberoptic intubation in this
patient are numerous. Patient compliance may be an obstacle
given the patient’s intoxicated state. Fiberoptic placement
orally may be impaired by the patient’s “full lumberjack
beard”, cervical spinal collar and decreased mouth opening,
given that he did not cooperate during the initial airway
exam. A nasal approach could be employed to bypass the
oropharyngeal challenges with appropriate vasoconstriction
and nasopharyngeal anesthesia. Caution should be noted that
given this patient is s/p MVA with distracting injuries and a
head injury. A cribriform plate fracture cannot be ruled out
until imaging has been completed.

(13) What is the proper course of action if the patient
vomits during induction with an unprotected
airway?

The patient should be immediately turned to the lateral,
head down position to promote regurgitant gastric flow away
from the glottis. Gentle oropharyngeal suction should then be
performed to clear the upper airway. Given this patient’s
uncertain c-spine stability, care must be taken when per-
forming this maneuver (logroll with at least three caretakers).
This is now an emergent situation and immediately securing
the airway is the priority. If not already done, succinylcholine
should be administered to obtain optimal intubating condi-
tions. A direct laryngoscopy with in-line stabilization of the
neck is a reasonable course of action, as this is generally the
most expeditious method of intubation. Having an available
video laryngoscope may be useful; however, fiberoptic intu-
bation at this point would generally not be optimal. This is due
to the likely presence of gastric contents in the oropharynx
and the time required to implement this technique. Given the
patient’s recent agitation, developing intracranial hyperten-
sion from head trauma is a possibility. Avoidance of hyper-
carbia (via hypoventilation) through speedy establishment of
a definitive airway would be beneficial.

(14) What is the role of fiberoptic bronchoscopy in the
immediate post- aspiration period? Bronchoalve-
olar lavage?

Once the airway is secured, the patient should be ade-
quately anesthetized, neuromuscular paralysis should be
obtained with a non-depolarizing agent, and hemodynamic
stability should be ensured. Immediate bronchoscopic eval-
uation can be used to determine the extent of airway con-
tamination by gastric contents, and to clear obstructions/
secretions from the trachea and proximal smaller airways.
While extensive and careful suction may aid in diminishing
the pulmonary complications of gastric aspiration, using
saline to perform bronchoalveolar lavage should be used
with caution, as this can spread gastric contamination further
into the distal airways, and potentially worsen pulmonary
complications.

In this patient, attention should be paid to adequate
ventilation during bronchoscopy to avoid hypercarbia in the
setting of possible intracranial HTN.

(15) What is Mendelson’s syndrome?

Described by Curtis Mendelson, a New York obstetrician
in 1946, Mendelson’s syndrome refers to the bronchopul-
monary complications of aspiration of gastric contents fol-
lowing the induction of general anesthesia. Signs and
symptoms typically manifest over a biphasic course, with an
early phase at 1–2 h, and then again at 4–6 h due to neu-
trophil infiltration. Hypoxia, dyspnea, and cyanosis are the
cardinal signs, but hemodynamic instability may accompany
massive aspiration events which progress to ARDS and
multisystem organ failure. Damage to the lungs (chemical
pneumonitis) is mainly due to the low pH of gastric contents.
Edema, atelectasis and pulmonary hemorrhage are common
sequelae. Postobstructive pneumonia or secondary bacterial
pneumonia can also develop in the aftermath of aspiration
events.

(16) What are the expected radiographic findings in the
period following aspiration of gastric contents?

Alveolar/lobar infiltrates in the dependent lung segments
(especially the right lower and middle lobes in supine
patients) may take up to 48 h to fully appear, and several
weeks to completely resolve. Appearance of chest X-ray
findings may therefore lag significantly behind the
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development of symptoms, and likewise, resolution of X-ray
findings may lag behind improvements in clinical conditions.
Significant volume loss on chest radiograph typically indi-
cates bronchial obstruction with postobstructive collapse.

(17) How do you care for a patient with significant
sequelae of gastric aspiration? What is the role of
steroids or antibiotics?

Treatment following a significant aspiration event
includes prevention of further aspiration by positioning the
patient at 45° head up, protecting the airway, as needed,
through endotracheal intubation and ventilating with a
standard, lung-protective strategy. Supportive care includes
goal-directed O2 administration (SpO2 is reasonable) and
hemodynamic support with IV fluids and vasopressors as
needed. Originally corticosteroids were routinely adminis-
tered following gastric aspiration events. However, more
recent work has called their routine use into question due to
increased risk for gram negative pneumonias and increased
ICU length of stay. Antibiotics are not indicated for pure
chemical pneumonitis. However, high risk patients (those
with gastroparesis, proton pump inhibitor or H2 antagonist
use or periodontal disease) may warrant a course of
antimicrobial prophylaxis with gram negative and anerobic
coverage [2].

18 What ventilator settings would be appropriate for a
patient with known aspiration of gastric contents?

Patients who have suffered from aspiration of gastric con-
tents generally develop a chemical pneumonitis. The severity
of this can range from a transient irritated cough and no
additional oxygen requirements, to full blown ARDS and
multisystem organ failure. Patients who require mechanical
ventilation should receive supplemental oxygen as required for
goal-directed titration. SpO2 is a reasonable marker, but ScvO2

or arterial PO2 can also be used in severe cases. Standard
lung-protective strategies can be employed for ventilator set-
tings. This generally entails low tidal volume ventilation (4–
6 ml/kg) with PEEP (5–8 cm H2O) and intermittent recruit-
ment maneuvers to prevent/treat atelectasis.

(19) What is the plan for postoperative care of this
patient? Would extubation be appropriate?

Chemical pneumonitis associated with gastric aspiration
can range from mild to severe, therefore the postoperative
care of this patient will be dependent upon the clinical
course over the next several hours and operative interven-
tions by the surgical team. If lung compliance and oxygen
saturation are adequate without significant supplemental
oxygen, and ventilation is sufficient (may verify with arterial
blood gas measurements), extubation and oxygen supple-
mentation via nasal cannula or face mask oxygen is
reasonable.

Extubation to noninvasive ventilation may not be a suc-
cessful strategy, as any process that leads to the patient
developing dyspnea at this early stage will likely continue to
evolve over the next several hours resulting in reintubation.
An additional reason to leave the patient intubated, regard-
less of pulmonary function would be if there are plans to
return to the OR for other surgeries in the very near future.
A discussion with the surgical services involved in the care
of this patient would be appropriate.
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28Anesthesia for Liver Transplantation

John Stenglein

Case Presentation You are called to the ICU to evaluate a
45 y/o male with history of untreated hepatitis C and newly
diagnosed hemochromatosis. He has a long history of
depression and alcohol abuse. More recently, his clinical
course has been complicated by portal hypertension, recur-
rent ascites, and he now presents with worsening
encephalopathy.

Meds spironolactone, propranolol, lactulose,
neomycin, multivitamin

Med Hx: Depression, anxiety, alcohol abuse.
Hepatitis C infection, cirrhosis, portal
hypertension

Surg Hx: TIPSS procedure following variceal
bleeding 1 year ago

Physical Exam: 165 lbs, 5′ 10″; BP = 100/64;
HR = 100; RR = 18; O2 Sat = 96
(room air); unremarkable airway exam;
Palpable liver edge below costal
margin

Patient c/o SOB relieved
with lying supine

Section 1: Physiology

1. What is the anatomy of the liver?

As the largest internal organ and gland, the liver weighs
about 3–4 lbs. It is composed of four unequal lobes. The
right (largest) and left lobes are separated by the falciform
ligament. The much smaller caudate and quadrate lobes are
located on the visceral side of the organ, between the other
two lobes.

The liver is further divided into a total of eight segments,
all of which is covered by a thin layer of connective tissue
known as Glisson’s capsule.

2. What is the porta hepatis?

This refers to the central hilum where the common bile
duct, portal vein, and hepatic artery enter the liver.

3. What is the blood supply to the liver?

The liver has a dual blood supply and receives approxi-
mately 25% of cardiac output. The common hepatic artery
arises from the celiac trunk (off the aorta) and sends off the
cystic artery before entering the liver. Although it only
provides a quarter of the total blood flow, it provides half of
the hepatic oxygen supply. The portal vein is formed from
the confluence of the splenic and superior mesenteric veins
and receives blood from the digestive tract, spleen, pancreas,
and gall bladder. It supplies the majority of hepatic blood
flow (75%), although less oxygen than its arterial counter
part. There is a reciprocal flow relationship between the two
systems, known as the hepatic arterial buffer response
(HABR), which is mediated by adenosine and functions to
maintain the adequacy of perfusion [1].

4. What are hepatic sinusoids?

Hepatic sinusoids refer to a type of open pore vessel or
discontinuous capillary. This type of discontinuous
endothelium allows for the passage of proteins, as large as
albumin to pass freely. The sinusoids are separated from the
hepatocytes by the space of Disse.

Sinusoids receive oxygen-rich blood from the hepatic
artery and the nutrient-rich blood from the portal vein. They
are also the home of Kuppfer cells, which filter and process
microbes, toxins, and antigens.

From the sinusoids, blood flow empties into the central
vein of each lobule, which is the basic structural unit of the
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liver. The central veins coalesce into hepatic veins, which
leave the liver and drain blood to the IVC.

5. What is a liver acinus?

This refers to the basic functional unit of the liver. It is
formed around a portal canal, which is comprised of an
arteriole and bile ductile, as well as nerves and lymph tissue.
Blood from the portal canal is directed toward a central
venule via sinusoids. This flow is divided into three circu-
latory zones, based on proximity to the canal. Zone 1
receives the highest flow, whereas Zone 2 and Zone 3
receive successively less in terms of both oxygen and
nutrients, making hepatocytes in the latter zones more vul-
nerable to ischemia from circulatory disruption.

6. What is the hepatic portal venous system?

The hepatic portal venous system channels drainage from
the gastrointestinal tract into the liver. Blood drained from
the distal esophagus to the proximal anal canal joins venous
return from the spleen and pancreas to empty into the venous
system destined for the liver. This allows many of the sub-
stances absorbed by the GI tract to undergo the first pass
effect, allowing selective metabolism and detoxification,
before reaching the general circulation.

7. What are the functions of the liver?

The various functions of the liver are carried out by
hepatocytes. The liver is responsible for hundreds of sepa-
rate functions, usually in combination with other systems
and organs. Some of the main functions are listed below,
arranged by endocrine, anabolic, and catabolic features:

Endocrine
Produces Insulin-like growth factor I (IGF-I)
Produces thrombopoietin
Produces angiotensinogen (⇧ results in diminishes negative
feedback loop for renin.)
Hydroxylates vitamin D
Deiodinates thyroxine and triiodothyronine (converting T3
to T4)
Metabolizes and conjugates steroid hormones
Stores glycogen for later conversion to glucose.
Anabolic
Produces antithrombin III
Produces Alpha-1 antitrypsin
Produces Protein C and S
Produces Plasinomogen
Produces Factors I, II, V, VII, IX, X XI, XII, XIII pre-
kallikrein. (does not make III, IV, VIII, vWF)

Produces C-reactive protein, haptoglobin, ceruloplasmin,
transferrin,
Produces pseudocholinesterase
Produces alpha acid glycoprotein
Produces glutathione—cofactor for elimination of oxidants
Produces ketones
Synthesizes albumin (plasma oncotic pressure/drug binding)
Synthesizes saturated fatty acids
Synthesizes cholesterol
Synthesizes bile salts (lipid absorption, transport, secretion)
Performs gluconeogenesis (glycogen as initial source, then
lactate, glycerol, alanine, and glutamate)
Catabolic functions
Breaks down amino acids to ammonia
Eliminates and metabolizes toxins absorbed from GI tract
(alcohol, drugs, etc.)
Eliminates ammonia through urea production.
Supports Biotransformation reactions
(phase I—making drugs more polar by adding
polar/removing nonpolar groups)
(phase II—adding hydrophilic molecules)
Metabolizes glucose, fructose, lactate, citrate, and acetate
Degrades hemoglobin, bilirubin, fibrin split products,
Clears activated coagulation factors.
Inactivates aldosterone, ADH, insulin, estrogen, and
androgens.

Pathophysiology

(1) What is cirrhosis? How long does it take to develop?

Cirrhosis is the end result of a variety of chronic liver dis-
eases, all leading to irreversible scarring of the liver. The
resultant fibrosis (scarring) is an impedance to flow and
requires higher pressures for entering blood. Flow ultimately
favors the lower resistance provided by portosystemic shunts
and begins to bypass the liver (and hepatic functions) entirely.

Fortunately, the liver is an organ with a tremendous
reserve. Normal function may be maintained when as little
as 20% of the liver remains, which is why many of the
insidious hepatic diseases can take years to manifest signs or
symptoms. It also provides the key to successful
living-donor transplantation.

(2) What is the most common cause of cirrhosis in the
United States? Worldwide?

Although it is the most common cause of cirrhosis in the
US, alcoholism only develops in 10–20% of excessive
drinkers [2]. The metabolism of EtOH, catalyzed by alcohol
dehydrogenase, results in significant oxidative damage,
which depletes antioxidants and induces liver injury.
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In contrast, viral hepatitides (specifically types B and C)
are the most common causes of cirrhosis worldwide.

(3) How are the causes of liver failure categorized?

The etiology of liver failure can be divided into nonc-
holestatic and cholestatic causes of cirrhosis.

Causes of Noncholestatic cirrhosis include:

Hepatitis (viral, ETOH, drug-induced)
Hemochromatosis
Alpha 1 antitrypsin
Cystic fibrosis
Wilson Disease
Budd–Chiari
Amyloidosis
Amanita intoxication
Solvents (such as CCl4)

Causes of Cholestatic cirrhosis (intrahepatic or extra-
hepatic) include:

Primary biliary cirrhosis
Primary sclerosis cholangitis
Biliary atresia (most common pediatric cause for transplant)

(4) What is the distinction between acute and chronic liver
failure?

Acute liver failure (aka fulminant hepatic failure) refers
to the new onset of encephalopathy and an elevated INR
(� 1.5) in patients without previous liver disease, over a
period of less than 26 weeks. More than half of the cases
are attributed to drug-related toxicity (usually acet-
aminophen). Due to the rapid progression of the disease,
signs of portal hypertension and cirrhosis are generally
absent.

Only 40% of patients with acute liver failure will recover
spontaneously [3].

(5) What is the mechanism by which acetaminophen toxi-
city results in hepatic failure? Can anything be done to
alter the clinical course?

In adults, the primary metabolic pathway for acet-
aminophen is glucuronidation.

The main metabolite is relatively nontoxic and is excreted
into bile. A small amount of the drug is metabolized via the
CYP-450 pathway into NAPQI, which is a strong, highly
hepatotoxic, oxidizing agent. Following a supratherapeutic
ingestion, the levels of NAPQI produced by the CYP system
overwhelm the ability for conjugation/inactivation by the

available glutathione stores. The toxic metabolites accumu-
late and begin to destroy liver cells.

Oral activated charcoal readily binds acetaminophen and
can be of significant benefit if administered within 1 h fol-
lowing ingestion.

N-acetylcysteine (NAC) given within 8 h of overdose can
dramatically decrease the risks of toxicity, as it is a precursor
of glutathione and increases the concentration of the latter
for conjugation of NAPQI.

(6) What are the five major types of viral hepatitis? How are
they transmitted? What percentage will become chroni-
cally infected?

Hep A—The most common viral hepatitis (50% of all
cases) due to a high degree of contagiousness. Primary
spread is due to fecal–oral transmission. Course is usually
benign and self-limited. However, an estimated 100 patients
die each year in the US from acute hepatic failure related to
infection [4]. Inactivated HAV vaccine may provide pro-
tection for 10 years or longer.

Hep B—Five-percent of world’s population is chronically
infected [5]. Ninety percent recover from the acute infection,
however, 1–5% of adults will remain in carrier state. Eighty
to ninety percent of infected children will become carriers.
Primary spread is from contact with infected body fluids.
According to the CDC, three doses of the HBV vaccine
provide greater than 90% protection to infants, children, and
adults who are immunized prior to exposure and boosters are
no longer recommended for patients with normal immunity
who have completed the series. In women who are
seropositive for both HBsAg and HBeAg vertical transmis-
sion is approximately 90% [6].

Approximately 25% of those who become chronically
infected during childhood and 15% of those who become
chronically infected after childhood die prematurely from
cirrhosis or liver cancer and themajority remain asymptomatic
until the onset of cirrhosis or end-stage liver disease [7].

Hep C—An estimated 1.8% of US population carries
HCV, representing the estimated 75% of acute infections,
which have become chronic. It is generally transmitted
through contact with infected blood. Progression from
infection to cirrhosis or hepatocellular cancer may take
decades, similar to HBV. Newly approved medications can
cure infection upwards of 90% of individuals, depending on
the subtype [8].

Hep D—HDV can propagate only in the presence of the
hepatitis B virus (HBV), and is spread in a similar manner
[9]. Transmission of HDV can occur either via simultaneous
infection with HBV or be superimposed on a chronic
infection. In combination with HBV, hepatitis D has the
highest fatality rate of all the hepatitis infections, at 20%.
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Hep E—HEV is similar to hepatitis A in both transmis-
sion and clinical course. However, during pregnancy the
disease is much more severe and can result in acute hepatic
failure. During the third trimester, the mortality rate from
acute infection approaches 20% [10].

(7) How does the presence of an acute hepatitis infection or
(chronic) cirrhosis impact the risks of surgery?

Acute hepatitis is considered a significant risk for elective
surgery, predisposing patients to significant morbidity and
mortality. Similarly, cirrhosis is a major risk factor for
nonhepatic procedures. As such, elective procedures should
be avoided in the decompensated state, as evidenced by
increased INR, encephalopathy, or infection.

(8) What is Budd–Chiari Syndrome?

It is a rare condition caused by thrombosis of the major
hepatic veins, which generally presents with abdominal pain,
jaundice, ascites, and hepatomegaly. In about half of cases,
patients are found to be hypercoagulable, relating to preg-
nancy, polycythemia vera, oral contraceptive agents, lupus
anticoagulant, among other causes. The majority of patients
do not respond/are not candidates for medical therapy and
will require some type of invasive intervention, such as the
surgical shunting of blood around the clot. Unfortunately,
many will become transplant candidates secondary to pro-
gression to acute hepatic failure.

(9) What is acute fatty liver of pregnancy?

It is a microvesicular fatty infiltration of hepatocytes, pos-
sibly related to an inherited enzyme deficiency in the mito-
chondrial beta-oxidation of fatty acids [11]. The incidence is
generally estimated at 1 in 7000 to 1 in 20,000 deliveries.

Symptoms usually present in the third trimester with nau-
sea, vomiting, jaundice, abdominal pain, and encephalopathy.
Laboratory evidence may reveal elevated LFTs and a pro-
longed PT. Liver biopsy is diagnostic and treatment involves
the prompt delivery of the fetus, regardless of gestational age.
Most patients recover; however in one population-based study
in theUKof 57 patients, onewoman required a liver transplant
and a second case proved fatal [12].

(10) What is hemochromatosis?

It is an autosomal recessive disorder (0.5% homozygous
in US [13]) associated with increased intestinal absorption of
iron. Iron overload results in excessive and injurious depo-
sition in tissues, especially the liver, heart, pancreas, and
pituitary. Pathogenesis is usually less severe in women due

to menstruation. Hemochromatosis may lead to diabetes,
CHF, and increased pigmentation of skin (“bronze dia-
betes”). Labs reveal increased serum iron and ferritin, as well
as increased transferrin saturation. Diagnosis is confirmed by
liver biopsy. Treatment is scheduled phlebotomy. Excessive
EtOH intake and coexisting viral hepatic infection worsen
disease progression, and a late diagnosis may leave few
options other than a transplant.

(11) What is Wilson disease?

It is an autosomal recessive disorder associated with the
accumulation of copper. It is universally fatal if untreated,
and most will die of liver disease [14]. It results from the
defective excretion of copper into bile. Symptoms include
wide-ranging neurologic dysfunction and hepatic dysfunc-
tion, eventually leading to cirrhosis. Initial testing includes
LFTs, CBC, and serum ceruloplasmin, as well as an ocular
slit-lamp exam and a 24-hour urine test for copper excretion.
A Kayser Fleischer ring, referring to a crescent of pigmen-
tation at the periphery of the cornea, may be present on exam
and is included in a scoring system for diagnosis. Treatment
often involves copper chelation with penicillamine depend-
ing on the severity of disease. Liver transplant can be life-
saving for patients with Wilson disease presenting with acute
hepatic failure or chronic liver disease unresponsive to
treatment.

(12) What is alpha-1 antitrypsin (AAT) deficiency?

AAT is an inherited disorder that involves both the lungs
and liver. In the US, individuals with severe deficiency are
estimated to be between 80–100,000 [15]. AAT is a serine
protease inhibitor of elastase, trypsin, chymotrypsin, and
thrombin. In the lung, this deficiency predisposes to
panacinar emphysema due to a loss of elasticity. Therapy
frequently involves the transfusion of purified pooled human
antiprotease.

Accumulation of abnormal alpha-1 AT in the liver causes
liver disease and is associated with cirrhosis and/or the
development of hepatocellular carcinoma. Transplantation is
reserved for patients with end-stage liver failure. Fortu-
nately, a normal phenotype donor liver will produce and
secrete normal AAT following transplant and is curative.

(13) What is carbon tetrachloride (CCl4)?

A chemical, banned for consumer use in 1970, whose
metabolism results in a highly toxic metabolite capable of
causing centrilobular necrosis. It was previously used in
cleaning solvents, refrigerants, and fire extinguishers. Use
has declined significantly since it was realized that CCl4 is
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one of the most dangerous hepatotoxins, capable of pro-
ducing acute liver failure.

(14) What is portal hypertension?

The clinical definition of portal hypertension is the ele-
vation of hepatic venous pressure gradient to >5 mmHg. It
occurs in the setting of portal venous congestion (resistance
to flow) and leads to the development of low pressure col-
lateral routes for venous blood leaving the stomach and
small intestine to return to the central circulation. A gradient
� 10 mmHg (termed clinically significant portal hyperten-
sion) is predictive of the development of complications of
cirrhosis, including death.

Portosystemic shunting, resulting from this pressure
increase, allows toxins and waste to enter the central circu-
lation without having to pass through hepatic filtration. The
presence of these substances in the circulation contributes to
the development of encephalopathy. It may also produce a
conduit for bacteria absorbed from GI tract to bypass the
Kuppfer cells in the sinusoids [16].

Because of the reciprocal relationship between hepatic
arterial flow and that from the portal venous system, portal
hypertension results in an increased dependence on hepatic
arterial flow for perfusion.

(15) How is portal HTN diagnosed?

A diagnosis of portal hypertension can be made in a
patient with a known risk factor who has clinical manifes-
tations consistent with the diagnosis. Although the direct
portal pressure measurement is possible, the assessment
more often focuses on the hepatic venous pressure gradient
(HVPG), which quantifies the gradient attributed to sinu-
soidal resistance to blood flow.

The free hepatic venous pressure (FHVP) is obtained first
by advancing a catheter from the RIJ down to the hepatic vein
and measuring the venous pressure, which provides a cor-
relate of intra-abdominal pressure (⇧ by ascites). Subsequent
inflation/wedging of the balloon occludes the hepatic vein
and provides a value reflective of portal venous pressure
downstream, termed the wedged hepatic venous pressure
(WHVP). This is conceptually similar to the wedge pressure
measurement in the pulmonary artery, creating a distal col-
umn of static fluid reflective of the downstream pressure.

The HVPG is calculated by subtracting the FHVP from
the WHVP and approximates the gradient between the portal
vein and the IVC. Normal range is 3–5 mm Hg.

(16) What are varices? When do they become problematic?

Varices refer to the dilated submucosal veins that form
lower resistance passages from the portal venous system
to the azygous and hemiazygous veins, effectively a
pop-off valve for portal hypertension. A gradient above
12 mmHg is generally the threshold pressure for variceal
rupture.

Gastric varices bleed less commonly than esophageal
varices, though significant gastric bleeding can be more
difficult to control.

Variceal bleeding is one of the hallmarks of decompen-
sated cirrhosis and unfortunately causes about a third of the
cirrhosis-related deaths. As such, patients will frequently
require endoscopic surveillance and treatment, as 20–30% of
patients will bleed within 2 years of diagnosis of elevated
portal pressures. Of the patients who survive the initial
event, 60% will rebleed within 1 year [17].

(17) How are acute variceal bleeds managed?

Bleeding can be managed with banding, endoscopic
ligation or sclerotherapy. Acute bleeding should also be
treated with volume resuscitation, correction of severe
coagulopathies, and lowering of the portal pressure. Intu-
bation is often indicated for airway protection. Medications
to reduce portal pressure include vasopressin, somatostatin,
and/or octreotide. Although b-blockers can reduce portal
pressures, hypotension from volume loss may not allow for
safe utilization.

Balloon tamponade can also be an effective option for
emergent variceal bleeding, but is associated with significant
complications, including esophageal rupture and aspiration.
Historically, the Blakemore–Sengstaken tube was passed
down into the esophagus and a gastric balloon was inflated
in the stomach. Upward traction with a 1 kg weight was
applied based on the theory that the balloon would compress
the GE junction and reduce blood flow to the varices.
Continued bleeding, despite the upward pressure, would
necessitate the inflation of the esophageal balloon to directly
tamponade the involved vessels.

(18) What is fetor hepaticus?

It is described as a sweet, malodorous, and fecal smell of
the breath. Portosystemic shunting allows thiols to pass
directly to the lungs, where they can be exhaled and
appreciated on exam.
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(19) What is the role of the healthy liver in sudden
hemorrhage?

The liver normally functions as a reservoir for blood in
the splanchnic system. In healthy individuals, it is capable of
redistributing up to one liter of blood into the systemic cir-
culation when faced with sudden intravascular loss. In the
setting of compromised hepatic function and altered blood
flow, an individual’s ability to tolerate sudden massive
hemorrhage would be diminished.

(20) How does portal hypertension cause a low platelet
count?

Thrombocytopenia is a well-known feature of cirrhosis
and likely multifactorial in its etiology. Normally, the
spleen pools approximately one-third of the circulating
platelets, in part due to the prolonged transit time
(10 min) to pass through splenic tissue. In the setting of
portal hypertension, increased pressures are transmitted
back through the splenic vein and eventually lead to
splenic enlargement. A larger spleen slows down transit
even further and prolonged exposure to splenic tissue
translates to an increased chance of platelet destruction by
phagocyctic cells [18]. Associated factors may include
depression of bone marrow function from alcoholism, and
decreased production of thrombopoetin, synthesized in the
liver.

(21) What are other common extrahepatic hepatic features
of hepatic failure encountered in liver transplant
patients (by system)?

Endocrine

• Hypoglycemia
• Gynecomastia

Neurologic

• Encephalopathy
• Cerebral Edema—up to 75% incidence in patients with

grade IV encephalopathy [19]. It may lead to increased
ICP, ischemia, herniation, etc. It may result from the
osmotic effect of accumulated glutamine causing astro-
cyte swelling, a loss of autoregulation, or both [20].

Pulmonary

• Hyperventilation secondary to ammonia or acidosis
• Diaphragmatic compression by ascites or pleural effusion

causing atelectasis

• R to L intrapulmonary shunts (up to 40% of cardiac
output), which may lead to hypoxemia.

• Intrapulmonary Vascular Dilation (Hepatopulmonary
Syndrome)

Cardiovascular

• Cardiomyopathy (ETOH, hemochromatosis)
• Elevated Mixed Venous O2

• High cardiac output (hyperdynamic) low SVR state
• fluid sequestration in splanchnic bed.
• AV shunting (widespread AV malformations), decreased

viscosity secondary to anemia also favor high cardiac
output, as well as decreased SVR.

• Negative ionotropic effect of increased bile salts.
• Cholemia will also blunt the response to norepinephrine,

angiotensin II, and isoproterenol.
• Increased levels of endogenous vasodilators.
• Low effective circulating volume increases the renin–

angiotensinogen cascade, leading to excessive sodium
retention.

Renal

• Prerenal azotemia from intravascularly depleted state.
• Hyponatremia

Hematologic

• Decreased production of clotting factors and tendency
toward coagulopathy

• Thrombocytopenia (hepatic thrombopoetin production)

(22) What is platypnea? What is orthodeoxia?

Platypnea is the opposite of orthopnea. It refers to
shortness of breath in the upright position. Orthodeoxia
refers to low oxygen saturation also in the upright position.
This constellation of symptoms is generally associated with
hepatopulmonary syndrome and serves as evidence of
right-to-left shunting.

In general, this clinical sign requires both an anatomic
and functional component, and is exceedingly rare [21]. The
former may refer to an ASD, PFO, or fenestrated ASD
aneurysm. Less well understood, the functional component
(in this case cirrhosis) results in a positional modification of
abnormal shunting, causing redirection of IVC flow through
the atrial communication. This effectively worsens the R to L
shunt with the upright position [22].

(23) What are the causes and consequences of low albumin?
How long does it remain in the circulation?
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In general, the liver maintains the pool of approxi-
mately 500 g of circulating albumin by allocating
approximately 15% of daily protein production [23]. The
half-life of albumin is about 20 days. Although the liver is
responsible for the production of albumin, low levels may
also be attributed to increased renal loss or increased
breakdown.

As the main determinant of oncotic pressure (80% [24]),
low albumin may influence the tendency of capillary beds to
draw fluid into vessels, resulting in worsening edema and
ascites. It is important to note that albumin also plays a
crucial role in plasma protein binding, due to its strong
negative charge. Some of the highly bound drugs include
warfarin, furosemide, benzodiazepines, and NSAIDS. Low
albumin levels may result in a higher free fraction
(metabolically active) of such medications.

(24) What is ascites? What favors its production? How is it
treated?

Ascites refers to the accumulation of fluid in the peri-
toneal cavity, which can lead to varying degrees of
abdominal distention. It can be either transudative or
exudative, depending on the etiology. It is often character-
ized as having a “shifting dullness” or “fluid wave” on exam.
Diagnosis is generally confirmed using ultrasound.

Ascites is most commonly associated with portal HTN.
Low albumin levels and a tendency to retain fluid, both
common in cirrhotics, only worsen this tendency. It is usu-
ally treated with salt restriction, diuretics (aldosterone
antagonists) or paracentesis. In refractory cases, it is possible
to surgically shunt fluid from the peritoneum back into the
venous circulation (Leveen shunt), however, refractory
ascites is considered as an indication for liver
transplantation.

(25) What is a LeVeen shunt?

This procedure refers to the creation of a peritoneovenous
shunt to drain peritoneal fluid into either the IJ or SVC,
through a connecting subcutaneous drain. It is occasionally
used to ease refractory ascites. Complications include shunt
failure, fluid overload, infection, low-grade DIC or infection.

(26) What is spontaneous bacterial peritonitis (SBP)?

This refers to a “spontaneous” infection within the
abdominal cavity in the absence of an obvious infectious
source. It is common in patients with portal hypertension and
ascites, revealed in 10–27% of routine paracentesis [25].
Diagnosis is confirmed if either bacteria or large numbers of

neutrophils (>250 cells per mm3) are found in the analyzed
fluid. Symptoms generally include fever, increased WBC,
pain, and malaise, although some patients may be asymp-
tomatic [26]. The etiology may be related to increased gut
wall permeability or impaired hepatic ability to clear portal
bacteremia. Patients at risk of SBP are frequently started on
antibiotic prophylaxis.

(27) What is hepatorenal syndrome (HRS)?

HRS refers to the often insidious deterioration of renal
function in patients with acute or chronic liver failure. It is a
frequent complication of cirrhosis and is thought to result
from a decline in renal perfusion due, in part, to splanchnic
dilation. Decreased perfusion from increased vasoactive
mediators effectively mimics prerenal physiology.

It is estimated that 18% of individuals with cirrhosis and
ascites will develop HRS within 1 year of diagnosis, and
39% will develop HRS within 5 years [27]. It is a diagnosis
of exclusion and often signifies that the patient only has
weeks to live without either recovery of hepatic function or
transplant [28].

It is considered a functional disorder in that the kidneys
from patients with HRS can be successfully transplanted to
nonafflicted individuals with resolution of renal function.

(28) What is hepatopulmonary syndrome (HPS)?

HPS is present in up to 20% of patients who present for
liver transplantation, as transplantation is the only effective
medical therapy [29]. Most patients will eventually complain
of dyspnea, either at rest or with activity, though may also
display evidence of platypnea and orthodeoxia. Although the
etiology is not entirely understood, the diagnostic criteria for
HPS include portal hypertension, PaO2 less than 80 mm Hg
on room air and evidence of intrapulmonary vascular dila-
tion (IPVD).

Diagnosis of IPVD can utilize contrast-enhanced
echocardiography, radiolabelled albumin scanning, or pul-
monary angiography. Using agitated saline as contrast, the
injectate would normally only opacify the right heart
chambers before being filtered by the pulmonary capillaries.
However, if the opacificaiton is seen in the left heart fol-
lowing venous injection, this suggests a right-to-left intrac-
ardiac shunt or an intrapulmary shunt. With an intracardiac
shunt, the bubbles will be seen with 3 beats, while an
intrapulmonary shunt, indicative of IVPD, will send bubbles
between 3 and 6 beats post-injection.

Nuclear scanning, in IVPD, would demonstrate passage
of larger, tagged albumin molecules that would normally be
trapped in the pulmonary vascular bed in nondilated states.
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(29) What is portopulmonary hypertension (PPHTN)?

PPHTN is defined as pulmonary hypertension in the
presence of portal hypertension, in a patient without other
predisposing factors. It was previously a contraindication to
transplant. It is thought to result from an imbalance between
vasodilatory and vasoconstricting molecules, with toxins
bypassing normal hepatic metabolism through portosystemic
shunts.

Serotonin, normally degraded by the liver, is one etio-
logic factor that may lead to pulmonary smooth muscle
hyperplasia and hypertrophy when present in the circulation,
even while the systemic vascular resistance remains low
[30].

TIPSS

(1) What is a TIPS procedure?

Transjugular intrahepatic portosystemic shunting, or a
TIPS (or TIPSS) procedure as it is more commonly referred,
is a technique generally used to treat portal hypertension and
the associated consequences.

It generally performed in interventional radiology pro-
cedure rooms and involves the creation of a stented (artifi-
cial) pathway through the flow-resistant liver, between the
portal vein and one of the hepatic veins. The conduit is
designed to reduce the pressure backup to the spleen,
stomach, lower esophagus, and intestines, and lower the risk
of variceal rupture.

The internal jugular vein is usually accessed to pass a
guidewire and introducer sheath through the following
structures:

IJ to SVC to IVC to hepatic vein, through liver par-
enchyma into portal vein

Once the anatomy and pressure is confirmed, the tract is
dilated with an angioplasty balloon before placing the mesh
endograft (stent).

(2) What are the benefits of TIPS? Is the procedure done
instead of transplantation?

Although the procedure is generally used to temporize the
manifestations of decompensated cirrhosis, it may be utilized
as a bridge to transplant. Early placement of TIPS improved
1-year survival to 86% compared with 61% in a group
randomized to similar therapy without early TIPS [31].

The inserted stent is contained entirely inside the liver
and can be removed at the time of transplant. Studies have
shown that variceal bleeding is reduced in up to 90% of

TIPS patients, although there are conflicting views as to
whether there is an overall survival benefit.

(3) What type of anesthesia is appropriate for TIPS?

As a minimally invasive procedure, TIPS can be per-
formed with local anesthesia and minimal IV sedation.
However, patients have often decompensated to the point
that they are encephalopathic and at higher risk for
regurgitation/aspiration, requiring a secured airway.

(4) What are the risks of the procedure?

The operative mortality ranges from 0–2% in skilled
hands [32]. Because the rerouted blood flow effectively
bypasses the liver (first pass clearance of the gut), patients
who have already experienced encephalopathy are increas-
ingly vulnerable to the additional toxins now capable of
bypassing any remaining hepatic detoxification.

Lastly, the procedure requires a certain quantity of IV
contrast dye for proper visualization, which is both
nephrotoxic and a potential allergen.

Transplant

(1) What are the indications for liver transplant?

Cirrhosis alone is not an indication for transplant. The
indications for transplant include acute liver failure, cirrhosis
with complications (variceal bleed, ascites, encephalopathy,
HRS), certain neoplasms (HCC), and liver-based metabolic
conditions with systemic manifestations.

The decision to transplant requires a risk-benefit analysis.
The requirement for post-op immunosuppression may
post-grave risks for the individual based on the etiology of
the original insult and/or the presence of latent infections.
The transplanted organ infrequently cures the underlying
disease.

The suitability of patients with HCC for transplant is
based upon the Milan Criteria, which attempts to ensure that
transplant candidacy is limited to patients with a reasonable
prognosis [33]. This criteria essentially limits transplants to
individuals with smaller (<5 cm), nonmetastatic lesions that
do not involve major vessels.

Unfortunately, necessary immunosuppression is also
associated with higher risk of tumor regrowth.

(2) What is meant by the term orthotopic transplantation?

“Orthotopic” refers to the “normal or usual position.” In
the case of an orthotopic liver transplant (OLT), the donor
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liver will occupy the space, previously home to the patient’s
diseased organ.

(3) How are donors matched with recipients?

The primary criteria used to match donor liver grafts with
recipients are ABO blood type and graft size. ABO incom-
patible transplantation (ILT) is generally limited to emergent
situations.

(4) How many liver transplant candidates successfully
receive a new organ?

Only about two-third of patients on the liver waitlist
survive until transplantation [34].

In 2014, 6729 liver transplants were performed in US. In
2011, the median time to transplant in the United States was
12.6 months.

(5) What are the contraindications to transplant (may be
center specific) [35]

• Sepsis
• Advanced cardiopulmonary disease (making surgery too

risky)
• Metastatic disease not meeting criteria for cure (Milan

Criteria)
• Hemangiosarcoma
• Intrahepatic cholangiocarcinoma
• Lack of adequate social support.
• AIDS
• Continued substance abuse within the last 6 months.
• Psychological issues severe enough to impact

compliance
• Sustained ICP (intracranial pressure) > 50 or CPP

(cerebral perfusion pressure) < 40 mmHg.

Relative Contraindications

• Advanced Age
• HIV
• BMI � 40 (some centers will perform gastric sleeve

before or during transplant)

(6) What other health issues should also be considered
before transplant?

In anticipation of the need for immunosuppression,
patients should be screened for the possibility for latent
infections, including tuberculosis. Patients from endemic
areas should also be screened for coccidiomycosis and
strongyloides.

Vaccinations for Hep A, Hep B, pneumococcus,
influenza, diphtheria, pertussis, and tetanus should be
obtained before transplant, to ensure an adequate immune
response prior to suppression.

As part of a multidisciplinary evaluation, patients should
also adhere to the recommended screening for colon cancer.
Needed dental extractions should be also carried out prior to
transplantation, as immunosuppression increases the risks of
any localized infection.

(7) What are the two major sources for donor organs?

The vast majority (96%) of transplanted livers are
obtained from deceased donors [36]. However, the possi-
bility of living-donor transplantation exists because of the
redundant capacity of the liver. The right hepatic lobe
(60% of liver) can be harvested and given to an adult,
while the smaller left hepatic lobe can be transplanted to a
child or adult of similar size. Due to the ability of the
liver to regenerate, both the donor and recipient should
regain normal liver function, assuming successful recov-
ery. The lobes that are removed do not regrow, rather an
expansion of the remaining lobes ensures the restoration
of function.

In 2014, only 280 living-donor grafts were transplanted,
in part out of concern for the well-being of donors, as several
donor-related deaths have been reported.

(8) How are the available organs allocated in the United
States?

The United Network for Organ Sharing (UNOS) was
established in 1984. It develops policies and collects data for
all US organ transplants as the supply of available organs
falls short of the demand and warrants rationing. The
approach generally prioritizes the sickest patients,
de-emphasizing time spent on the waiting list. In regard to
liver transplantation specifically, patients are ranked by
MELD score and stratified by blood type.

(9) What is the Child-Pugh Score?

The CP score was the original scoring system adopted by
the UNOS for the allocation of transplantable livers. It was a
scoring system designed to prognosticate for cirrhotic
patients undergoing surgical treatment of portal HTN.
Scoring was based on the severity of five clinical measures
(total bilirubin, albumin, PT, ascites, and encephalopathy).

The subjective assessment of the ascites and
encephalopathy was one of the cited criticisms for the
Child-Pugh score and it was eventually replaced by the
MELD score for organ allocation.
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(10) What is the MELD Score? How is it determined? How
often is it calculated?

The Model-for-End-Stage-Liver-Disease was originally
designed as a prognostic tool for cirrhotic patients under-
going TIPS procedures. It was eventually shown to be a
strong predictor of 3-month mortality risk for the various
causes of cirrhosis. UNOS adopted it in 2002 to replace the
Child-Pugh score. The sickest patients have MELD scores
updated every 7 days.

The MELD score is based upon a patient’s creatinine,
bilirubin, and INR. The score ranges from 6 to 40. Candi-
dates with MELD scores less than 15 have better survival
without transplantation, and, as such, patients become can-
didates for transplant with scores � 15. For reference, most
liver transplant candidates have MELD scores less than 25,
while only 2% of the transplant list has a MELD score
greater than 25 [37].

(11) What are MELD exception points?

Certain conditions are associated with shortened survival,
which would not be appreciated by the traditional MELD
scoring system. Additional points can be conferred by some
of the following diagnosis: HCC, hepatopulmonary syn-
drome, portopulmonary HTN, cystic fibrosis, hepatic artery
thrombosis, etc.

If providers feel that the MELD score/exception points do
not accurately portray an individual’s morbidity and mor-
tality risk, they may still be considered for transplant by
petitioning for additional MELD points from the regional
review board.

(12) What does it mean to be deemed Status 1?

These patients, generally suffering from acute liver fail-
ure, are predicted to have a life expectancy of less than
7 days. As such, they are given the highest priority by the
United Network for Organ Sharing.

(13) What are the survival rates post-transplantation?

One-year survival approaches 90% [38]. Three-year
posthepatic transplant survival is about 80% and drops to
about 55% at 5 years [39].

(14) What is liver dialysis? What is the indication?

Liver dialysis is a relatively new detoxification technique
based on principles similar to those of hemodialysis. It is
utilized primarily as a bridge to liver transplantation or to
allow for hepatic regeneration following an acute insult. The

molecular adsorbents recirculation system (MARS) utilizes
two dialysis circuits with the goal being to introduce, and
subsequently clean, albumin after it has absorbed
albumin-bound toxins from a patient’s blood. Adsorbed
compounds include ammonia, bile acids, bilirubin, and iron.

A meta-analysis of 483 patients failed to show a signifi-
cant mortality benefit from artificial hepatic support systems
as compared to standard medical therapy. A subanalysis did,
however, show a reduction in mortality in acute-on-chronic
failure states [40]. A second prospective randomized study
of 70 patients demonstrated a significant improvement in the
degree of encephalopathy [41].

Preop

(1) What patient complaints may suggest hepatic
dysfunction?

Patients with hepatic dysfunction generally present with
dark urine, fatigue, anorexia, and nausea. They may also
complain of low-grade fevers.

(2) What are common physical exam findings in a patient
with liver failure?

Scleral icterus, jaundice, ascites, splenomegaly, palmar
erythema, gynecomastia, asterixis, testicular atrophy, spider
angiomata, petechiae, and ecchymosis.

(3) What is the role of the preoperative evaluation?

Once the degree of hepatic dysfunction has been appre-
ciated, one of the major objectives of the preoperative
evaluation is to identify any issues that can be optimized
prior to surgery, such as a coexisting coagulopathy. The
patient may benefit from the administration of vitamin K or a
platelet transfusion, prior to the procedure.

It is also necessary to determine if the patient is likely to
survive the anesthetic and surgery, as poor cardiovascular
health can actually be a contraindication to transplant. The
scarcity of available organs mandates that livers go to the
sickest patients, but they must also have a reasonable like-
lihood of survival.

(4) What is hepatic encephalopathy?

Encephalopathy refers to reversible mental status changes
resulting from hepatic dysfunction. Such a state will likely
require the use of a proxy to obtain consent for anesthesia. It
is often triggered by some acute insult, such as a GI bleed or
infection, in the context of chronic liver dysfunction.
Symptoms may range from subtle cognitive dysfunction to
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coma. More than half of patients with cirrhosis will even-
tually become encephalopathic to some degree [42].

The cognitive dysfunction is attributed to the accumula-
tion of neurotoxic substances previously metabolized by the
healthy liver. Portosystemic shunting ensures that nitroge-
nous waste (NH3) completely bypasses any remaining hep-
atic function. However, ammonia levels often do not
correlate well with the severity of symptoms and are not
required for diagnosis.

These circulating toxins contribute to cytotoxic brain
edema [43], increased GABA activity, disruption of the
blood brain barrier, and may even lead to coma. The West
Haven Criteria grade encephalopathic symptoms on scale of
I to IV, in order of severity.

(5) What are liver function tests? How will the values
change with progression to cirrhosis?

Aminotransferase (AST/ALT) levels generally provide
evidence of hepatocellular injury rather than the actual
function of the liver. As such, there is a poor correlation
between the level of aminotransferase elevation and the
severity of disease, as a decreasing mass of hepatocytes will
no longer “spill” signals of cellular injury into the
bloodstream.

Cholestasis or biliary obstruction is better evidenced by
bilirubin, alkaline phosphatase, gamma-glutamyl transpep-
tidase (GGT), and LDH. Alkaline phosphate lacks specificity
for hepatobiliary disease, though elevations can be
indicative.

LDH is also a rather nonspecific signal of hepatic injury,
as it may be elevated by nonhepatic causes. As an isolated
elevation, it would be consistent with hepatic injury.

(6) What are the cutoffs for mild/moderate/large/and
extreme elevations in aminotransferases?

Mild 100-249 IU/L)
Moderate 250-999 IU/L)
Large 1000-1999 IU/L)
Extreme >2000 IU/L)

Mild elevations usually suggest fatty liver, NASH (non-
alcoholic steatohepatitis), drug toxicity, and chronic viral
infection. Larger increases (3–22�) are seen in patients with
acute hepatitis or the exacerbation of chronic states.

(7) How does the ratio of AST/ALT aid in diagnosis?

AST ALT > 4:1 is typical of Wilson disease
AST ALT * 2:1 may suggest alcoholic liver disease
AST ALT < 1:1 is consistent with NASH

(8) What is meant by synthetic liver function? What indi-
cators are relevant?

In contrast to serum markers of hepatic injury, the liver’s
ability to synthesize proteins may provide a clearer picture of
overall function. Synthetic function is generally assessed by
measuring albumin levels and the prothrombin time.

Although albumin is the most abundant protein synthe-
sized by the liver, the 3-week half-life ensures that levels
will remain normal long after the onset of any type of
hepatocellular injury or dysfunction. It is therefore not a
sensitive marker for acute liver injury.

The half-life of coagulation factors, specifically factor
VII, can be as short as 4-h. This allows for much more rapid
detection of changing function. As such, the PT/INR is
routinely used to evaluate and follow liver patients as a
marker for hepatic dysfunction. Again due to the physiologic
redundancy, factor VII levels have to drop by 70% before
the PT will be prolonged.

(9) Would you give this patient preoperative sedation?
Should any other medications be considered?

Sedatives may worsen the fragile cognitive state of many
patients with ESLD and should be used with extreme caution
or avoided entirely. Sedation may mask signs of anacute
decline (i.e. increased ICP) and medications may also be
difficult to metabolize, with prolonged effects.

Interestingly, flumazenil (in the absence of benzodi-
azepines) has been shown to improve the level of con-
sciousness in certain patients with severe encephalopathy
[44].

(10) What is the benefit of lactulose?

Lactulose is a disaccharide frequently used as an osmotic
laxative. It also lowers the intestinal pH, which lessens the
presence of ammonia-producing bacteria and may improve
cognitive function in patients with hepatic encephalopathy
[45].

(11) What tests should the preoperative evaluation include?

Labs: ABO-Rh blood typing, LFTs, coagulation profile,
CBC with differential, alpha-fetoprotein, calcium, and
Vitamin D levels,
Viral serologies (CMV, Epstein Barr, HIV, hep A/B/C, rapid
plasma reagin (syphilis),
Urinalysis
Drug (tox) screen
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(12) What is the purpose of the cardiopulmonary
evaluation?

Not surprisingly, the morbidity and mortality from liver
transplants are increased in patients with CAD [46]. The
cardiopulmonary evaluation in transplant patients should
include screening for CAD, cardiomyopathy, valvular dis-
ease, underlying lung disease, hepatopulmonary syndrome,
and pulmonary hypertension.

The AHA/ACC suggests noninvasive stress testing in
liver transplant candidates with no active cardiac conditions
if they have three or more risk factors for CAD. More
aggressively, the 2013 guidelines from the American
Association for the Study of Liver disease and the American
Society of Transplantation recommended noninvasive car-
diac testing for all adults being evaluated for liver trans-
plantation [47].

Some have even advocated for patients with more than
two cardiovascular risk factors to undergo angiography to
assess the severity of disease [48], with the potential for
revascularization prior to transplant in patients with signifi-
cant coronary stenosis.

Intraoperative Management

(1) How are you going to induce anesthesia?

A rapid sequence induction is often indicated because of
the emergent nature of transplant surgery. Similarly, the
presence of ascites may raise intragastric pressure, decrease
FRC, and render the patient a higher risk of aspiration.
Issues with ongoing nausea, variceal bleeding, intrapul-
monary shunting, etc., also favor rapid securement of the
airway. In contrast, a nonreassuring airway exam may still
warrant an awake technique.

(2) What lines/devices are you going to need to do the case
safely?

In addition to the standard ASA monitors, the need for
invasive monitoring and vascular access will be based
severity of liver disease and type of procedure. In general, an
arterial catheter will be required. Large-bore intravenous
access is also obtained as surgical bleeding may be signifi-
cantly increased based on associated coagulopathies. The
need for massive transfusion of blood products should be
anticipated and may warrant a preoperative conversation
with the blood bank.

A rapid infusion system capable of high transfusion flow
rates (>500 mL/min) is typically utilized. Systems, such as
the Level-One or Belmont, incorporate a reservoir, pump,
filters, and a heat exchanger. They are also designed to

detect and avoid the presence of blood clots or air embolism,
hypothermia, and/or line occlusion.

(3) What other monitors might you utilize?

Aside from standard monitors, anesthesiologists are
increasingly relying on ultrasound images to monitor vol-
ume status, need for inotropic support, presence of emboli,
and ventricular function. In a survey of anesthesiologists at
liver transplant centers, more than 86% of survey respon-
dents (n = 217) reported using transesophageal echocardio-
graphy in some or all transplant cases [49].

Approximately half of the liver transplant programs also
use ICP monitoring, as a significantly elevated ICP can both
worsen prognosis and be a contraindication to transplant
[50]. Patients at risk for elevated ICP should have efforts
made to minimize agitation/stimulation. Elevation of the
head, mannitol, hyperventilation, hypertonic saline, and even
barbiturates can be used in an attempt to reduce ICP below
20-25 and maintain CPP above 50–60 mmHg.

(4) How are you going to maintain anesthetic depth?

All volatile anesthetics produce a dose-dependent
decrease in hepatic blood flow. However, inhalational
anesthesia is still the mainstream for liver transplantation
because volatile anesthetics have little overall influence on
liver function and the depth of anesthesia is easily assessed.
Sevoflurane and isoflurane have been shown to have less of
a negative effect on portal blood flow, hepatic arterial flow,
and total hepatic blood flow than halothane and enflurane
and traditionally isoflurane has been favored due to the belief
that it favors splanchnic blood flow.

Sevoflurane and isoflurane also maintain HABR more
effectively than some of the other volatile anesthetics [51]. In
either case, periods of severe hypotension during the surgery
may require temporary discontinuation of the agent. Mida-
zolam, with minimal hemodynamic effects, can be used for
amnesia during these periods.

On the contrary, propofol has been shown to increase
flow in both the hepatic arterial and portal venous circulation
[52]. Perhaps due to the influence of rapid blood loss on the
pharmacology of propofol or the lack of clearance during the
anhepatic phase, it is not routinely utilized.

(5) What muscle relaxant are you going to use?

Although pseudocholinesterase may be reduced in the
setting of hepatic dysfunction, this should not be a con-
traindication to the administration of succinylcholine.

Vecuronium undergoes hepatic elimination and will dis-
play prolonged neuromuscular blockade in patients with
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cirrhosis [53]. Rocuronium also undergoes hepatic metabo-
lism and elimination and effects can be prolonged in a set-
ting of hepatic dysfunction. Both may still be utilized with
careful monitoring.

Cisatracurium is an attractive choice for neuromuscular
blockade in ESLD patients because of its organ-independent
elimination and lack of histamine release.

(6) How does liver disease affect drug metabolism and
pharmacokinetics?

Reduction of protein synthesis may result in alterations in
drug binding. This may result in increased free fractions of
medications, potentially leading to increased volume of
distribution outside of the vascular bed.

An altered volume of distribution, particularly with
ascites, should also be considered, as well as the possibility
of reduced drug metabolism secondary to hepatocyte
dysfunction.

ESLD may potentiate the effects of morphine, meper-
idine, alfentanil, vecuronium, rocuronium, mivacurium,
benzodiazepines, and dexmedetomidine, among others.

Despite being principally metabolized by the liver, fen-
tanyl elimination is not significantly altered in liver disease
[54].

(7) What is the role for inducing hypotension in liver
transplantation?

Controlled hypotension is a technique that has been uti-
lized for decades to reduce bleeding and the need for blood
transfusion. Controlled hypotension is defined as a reduction
of the systolic blood pressure to 80–90 mm Hg, a reduction
of mean arterial pressure (MAP) to 50–65 mm Hg, or a 30%
reduction of baseline MAP [55]. This approach has to be
weighed against the risks of end-organ ischemia.

(8) What is venovenous bypass (VVB)?

Less involved than cardiac bypass, venovenous bypass for
OLT consists only of a centrifugal pump and heparin bonded
tubing. The procedure involves the cannulation of the IVC
through the femoral vein and possibly also cannulation of the
portal vein with diversion of blood flow back to the heart,
usually via the axillary or internal jugular vein. It was a more
popular technique in the 1980s and 1990s, particularly in the
setting of major hemodynamic instability after test clamping
of the IVC. It was advocated in patients with >30% drop in
mean arterial pressure and >50% decrease in cardiac index
during a 5-min test-clamping period [56].

The perceived benefits were the ability to maintain pre-
load, improve renal perfusion, lessen intestinal venous

congestion, and delay the development of metabolic acido-
sis. However, the risks of air embolism, thromboembolism
and inadvertent decannulation had the potential to result in
significant morbidity and mortality. The overall incidence of
complications due to the use of VVB was reported to be
between 10 and 30% [57].

Meanwhile, as the majority of patients undergoing OLT
have liver cirrhosis with well-developed portal venous col-
laterals, the effect of portal clamping on hemodynamic status
is negligible and the use of VVB is not uniformly used at all
centers.

(9) What are the surgical stages of liver transplantation?
A. Preanhepatic (dissection phase). A wide subcostal

incision is made. The liver is mobilized, remaining
attached only via the IVC, portal vein, hepatic
artery, and common bile duct.

B. Anhepatic phase—The anhepatic phase begins with
placement of a clamp on the suprahepatic and
infrahepatic IVC. Additionally the hepatic artery,
portal vein, and CBD are clamped prior to removing
the native liver. The donor liver is then anastomosed
to the supra and infrahepatic IVC and portal vein.

C. Postanhepatic (neohepatic) phase. The new graft is
flushed to remove air, debris, and preservatives.
Venous clamps are removed and the hepatic artery
is anastomosed. The common bile duct of the
donor liver is then connected to the recipient via a
choledochocholedochostomy.

(10) What are the anesthetic challenges of each stage?

Preanhepatic phase—With abdominal incision and drai-
nage of ascites, hypovolemia can occur. This should be
anticipated and colloids can be used to maintain preload.
Typically, half the total blood loss occurs during this phase.

Anhepatic Phase—Cross-clamping of the IVC and portal
vein decreases venous return by as much as 50%. With the
decreased CO, hypotension is common. Distal venous
pressure increase from the clamps can also interfere with
both renal and intestinal perfusion. Placement of the donor
liver may require retraction near the diaphragm, which may
impede ventilation and oxygenation.

As the liver is no longer metabolizing citrate, transfusions
can lead to ionized hypocalcemia and myocardial depres-
sion. Progressive acidosis secondary to intestinal and
peripheral venous stasis should also be anticipated.

Fibrinolysis may also begin during this stage because of
an absence of liver-produced plasminogen activator inhi-
bitor, which results in the unopposed action of tissue plas-
minogen activator.

Neohepatic Phase—Reperfusion is associated with abrupt
increase in potassium and hydrogen ion concentrations,
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which can be life threatening. Approximately one in three
patients will exhibit signs of postreperfusion syndrome,
which is defined by systemic hypotension and pulmonary
hypertension. It is thought to result from a combination of
acidosis, hyperkalemia, emboli, vasoactive substances, and
even hypothermia.

Fibrinolysis is most severe after reperfusion and is caused
by abrupt increase in tissue plasminogen activator from graft
endothelial cell release. Increasingly, tissue thromboelas-
tography (TEG) is being used to guide transfusions.

(11) What is ischemia-reperfusion injury?

This refers to injury sustained to the donor organ from
both hypoxia and the production of reactive oxygen species,
including superoxide, hydrogen peroxide, and hydroxyl
radicals, which can lead to some degree of cellular necrosis
or apoptosis. Similarly, the activation of Kuppfer cells and
release of inflammatory cytokines by the donor liver, can
add to the cellular damage.

Postoperative Management

(1) What are initial signs of graft function?

It is possible to observe signs of graft function in the
operating room and early postoperative period. These
include decreased calcium requirements, spontaneous
increase in ionized calcium as citrate is metabolized,
improvement in acidosis, increased urine output, a rise in
core temperature, and bile output from the graft.

(2) How soon should LFTs begin to normalize?

During the first few postoperative days, transaminase
levels will spike because of graft ischemia, procurement
injury, organ preservation, and reperfusion injury. After this
period, aminotransferase and bilirubin levels that do not
trend downward suggest the possibility of hepatic artery
thrombosis, which should lead to prompt ultrasonic
evaluation.

(3) What are the major types of immunosuppression?

Immunosuppressive medications have revolutionized
transplant medicine. The various types of immunosuppres-
sants include:

Glucocorticoids, calcineurin inhibitors, macrolide antibi-
otics, inhibitors of purine and pyrimidine synthesis, and
antibody therapy.

They can be further classified by induction versus main-
tenance, biologic (antilymphocyte antibodies/anticytokine

receptor antibodies) versus pharmacologic, or by mechanism
of action.

(4) How would you control the patient’s post-op discom-
fort? Would you use an epidural for post-op pain
control?

Epidural analgesia is contraindicated because of coagu-
lopathy, which usually preexists, or develops during the
perioperative period. Postoperative pain control is generally
achieved with opioids, including patient-controlled
analgesia.
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29Anesthesia for Open Repair of Abdominal
Aortic Aneurysm

Stefan Alexandrov Ianchulev

Case Presentation

A 77-year-old female patient has been scheduled for open
surgic, repair of an infrarenal aortic aneurysm.

Relevant history: Exercise tolerance <4 METs due to
arthritis and peripheral vascular disease. She has controlled
hypertension, coronary artery disease with CABG × 3 fif-
teen years ago. She has vein grafts to the right and cir-
cumflex coronary arteries, with an internal mammary graft to
the left anterior descending coronary artery. Four years ago
the patient had an acute myocardial infarction. At that time
both left carotid artery and aortic valvular stenosis were
noted. She underwent left CEA and AVR later that year.

Additional history includes moderate renal artery stenosis and breast
cancer, s/p lumpectomy.

PSH: Left hip replacement, CEA, CABG × 3, AVR

Meds: Amlodipine, atorvastatin, bumetanide, metoprolol, aspirin

Allergies: simvastatin (muscle aches), cefazolin (anaphylaxis)

Exam:

Height: 165 cm, Weight: 93 kg, BMI: 35.

BP 140/88 h 64, Mallampati: 2, TMD: 2FB; AAOx3

Tests:

Labs: Na 141, K 4.3, Cl 101, HCO3 30, BUN 23, Cr 0.94, Hb 11.5,
Hct 35, PT 10.9, PTT 36.2, INR 1.0, GFR 54

ECG: SR, HR 66, First degree AVB, with LBBB.

Echo: EF 50%, moderate mitral regurgitation, Moderate hypokinesis
of the anterior, posterior and inferior LV walls. Elevated pulmonary
artery pressure estimated at 50 mmHg, Prosthetic aortic valve with
Pmax = 2.8 m/s.

1. What is abdominal aortic aneurysm (AAA)?

AAA represents a dilatation of the abdominal aorta which
can extend above the renal arteries. If the aneurysm extends
above the diaphragm, it is classified as a thoracoabdominal
aortic aneurysm (TAAA). Adventitial degradation is a cen-
tral feature of the disease. Factors promoting development of
the disease are shear stress, inflammation and hypercoagu-
lability, potentiated by oxidized LDLs. The aorta and
peripheral vessels affected by the atherosclerotic process
become susceptible to aneurysm development and dissec-
tion. Dissection may lead to intramural hematoma formation.
True aneurysm affects all layers of the aortic wall, and
pseudoaneurysm is an intimal expansion through a damaged
muscularis layer. The natural history of the disease is a
continuous progression of atherosclerosis [1].

2. What are major risk factors for developing an AAA?

Smoking, hypertension, familial predisposition, advanc-
ing age (greater than 40), low HDL, high LDL, increased
fibrinogen, and atherosclerosis. Low platelet count may
result from a consumptive process in patients with aneur-
ysms. Currently, it is recommended to screen males older
than 65 who have smoked.

3. What is the incidence and prevalence of AAA?

There are more than 45,000 patients with abdominal
aortic aneurysm undergoing surgical repair each year.
A population-based study from Norway in the late 1990s
found a prevalence of 8.9 and 2.2% in males and females
respectively. In the US, approximately 1% of males between
55 and 65 years of age have a clinically significant aneurysm
and the prevalence increases by 2–4% for each decade of life
thereafter. Women are affected four times less frequently
than males and about a decade later in life [2].
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4. How does AAA present?

AAA are most often found incidentally, and if electively
repaired, the risk of all-cause mortality is less than 8%.
Acute dissection will present with abdominal, back or groin
pains, pulsatile mass and possible hemodynamic compro-
mise. A patient with these findings must be immediately
evaluated to prevent further dissection or rupture.

5. What is the risk of rupture of an AAA?

Risk of rupture depends on the diameter of the internal
lumen and increases with growth of the aneurysm. An
important dimension to keep in mind is a diameter of
4.5 cm. A study following patients with AAA showed that
on average the size increased by 0.3 cm/year and the
cumulative 6 year risk of rupture was less than 2% when the
size was less than 4.5 cm. Risk of rupture increased to above
20% in AAA greater than 5 cm in diameter. Rupture carries
high mortality; approximately 23–69%, compared to 1.4–
6.5% if not ruptured [3].

6. What are recommendations for AAA screening?

One time ultrasound screening is recommended in
patients ages 65–75 with known risk factors and followed by
active monitoring of a detectable aneurysm. No benefit has
been found in screening of women or men over 75 with
negative previous screening. Life style modification and
medical therapy may slow growth and delay the need for
repair. When the internal diameter of the aneurysm reaches
5.5 cm the risk of rupture is equal to the operative mortality
risk and thus aneurysm sizes greater than 6.0 cm or lumen
size twice the normal aortic diameter should be repaired [4].

7. What are the current recommendations for AAA repair?

Class Location of AAA Size Procedure Level of
evidence

I. Infrarenal/juxtarenal >5.5 cm Repair Level B

I.1. Infrarenal/juxtarenal 4.0–5.4 cm Monitored q
6–12 months

Level A

II.1. Infrarenal/juxtarenal 5.0–5.4 cm May have
repair

Level
evidence
B

II.2. Suprarenal of
thoracoabdominal
or type IV
aneurysm

5.5–6.0 cm Repair is
probably
indicated

Level of
evidence
B

II.3. AAA <4.0 cm Monitoring by
US q 2–
3 years is
reasonable

Evidence
level B

(continued)

Class Location of AAA Size Procedure Level of
evidence

III. Asymptomatic
infrarenal/juxtarenal

<5.0 cm in
men and
4.5 cm in
women

Intervention
not
recommended

Level of
evidence
A

Recommendation for interventions in AAA [5]

8. How do you approach an elective AAA patient in
preparation for surgery?

When a patient presents for elective aortic aneurysm
repair, the surgeon will recommend one of two approaches
to manage the AAA; open repair versus endovascular aortic
repair (EVAR). The 2005 ACC/AHA Guidelines recom-
mend open surgical repair for patients with low-to-moderate
risk of surgical complications and endovascular repair for
high surgical risk individuals [5].

9. How do you classify abdominal aortic aneurysms; does
classification affect anesthesia management?

Classification of AAA is based on the relationship of the
aneurysm to the renal arteries, with suprarenal, juxtarenal and
infrarenal AAA as typical labels. An infrarenal AAAwill have
at least 10 mm of a normal aortic segment adjacent to the most
cephalad end of the aneurysm [4]. A suprarenal AAA may
involve the celiac arteries. Thus it is important to understand
the implications of vessel involvement and possible additional
surgical interventions. This information plays a significant
role in deciding open surgical repair versus EVAR, and pro-
foundly influences intraoperative anesthetic management.

Additionally, aneurysms may be classified as fusiform,
involving all layers of the aortic wall, saccular or pseudoa-
neurysms when they are more focal and localized and do not
involve all mural layers, and inflammatory, which are prone
to significant intraoperative bleeding.

10. Which patients should undergo open repair of AAA?

Patients who are deemed low or average risk of periop-
erative surgical complications may undergo open repair.
Octogenarians have an operative mortality rate less than
10% and may be appropriate open repair candidates. Some
studies have shown that preoperative management of coro-
nary artery disease (diagnostic tests followed by an inter-
vention) has helped reduce the rate of perioperative major
adverse cardiac event (MACE) to about 2%. Other studies
were not so optimistic [2]. An association between presence
of renal plus cardiac disease and mortality has been estab-
lished. Patients with advanced cardiac and renal disease may
benefit from EVAR.
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11. Which patients are more suitable for EVAR?

Patients who represent high risk of postoperative surgical
complications and patients with favorable anatomical and
clinical attributes may be suitable for EVAR.

Anatomic Factors influencing decision for EVAR versus
open repair.

(a) Vascular access—iliac arteries
(b) Aneurysm morphology (tortuosity, thrombus)
(c) Aneurysm neck length and morphology (calcification,

thrombus, length, angle)
(d) Involvement of renal and celiac arteries
(e) Thrombus presence
12. What scoring system is used to guide surgical decision

making?

A scoring system has been set up based on the aortic angle
and tortuosity, and the presence of intraluminal thrombus. The
scores are 1 through 3 points with higher total number of
points signifying poorer EVAR outcomes [4].

Aortic angle and tortuosity scoring

Grade Tortuosity
index

Aortic
angle

Amount of thrombus

0 ≤1.05 160°–180° No visible thrombus

1 ≥1.05 ≤ 1.15 140°–159° <25% of cross-sectional
area

2 >1.15 ≤ 1.20 120°–139° 25–50% of cross-sectional
area

3 >1.20 <120° >50% of cross-sectional
area

Clinical factors:

(a) Various scoring systems have been used to define
benefit of open versus EVAR approach—APCHE,
POSSM, ASA, SVS/AAVS.

(b) Age, cardiac, pulmonary, and renal status of the patient.
(c) EVAR still considered intermediate to high cardiac risk

procedure with 3–7% mortality.
(d) Preexisting renal insufficiency associated with poor

EVAR outcomes.
(e) Diabetes mellitus is associated with significantly higher

device related complications and early mortality rates.
However, the insulin controlled DM II patients had
lower incidence of endoleaks than the non-insulin
controlled DM II and nondiabetic patients.

(f) Patient preferences should be considered. The EVAR—
1 trial showed better outcomes in the first 4 years, but
increased risk of endoleaks and re-interventions there-
after. Patient preference for EVAR is above 80%. (SIR
Guideline 56, 57–58) [4].

(g) Patients with high risk factors for either approach
require a multidisciplinary evaluation and decision.

13. What short- and long-term outcome differences exist
between approaches?

The short-term outcomes of EVAR have been found to be
superior to open repair with regard to 30-day mortality,
hospital length of stay, and number of blood transfusions.
However, these advantages disappeared in the long term
where the mortality from either procedure was equal at
6 years. Other differences between groups related to dye
exposure and fluoroscopy, occurrence of endoleaks and the
need for re-intervention which were higher in the EVAR
group. Thus cost savings from the short-term EVAR
advantages were lost. Current literature does not support
EVAR for small AAA [6]. Ruptured AAA can successfully
be managed by EVAR [7].

Obese and frail patients can benefit significantly from
EVAR with regard to short-term outcomes. Continuous
improvement of endograft technology and design with
availability of branched and fenestrated grafts, as well as
total percutaneous access has helped shift the risk–benefit
balance toward EVARs [6].

14. What are key dangers of open surgical repair?

In the open group, organ ischemia and humoral changes
due to cross-clamping have been identified as major reasons
for perioperative mortality and morbidity. The open
approach has also been associated with higher blood product
and fluid utilization, protracted ICU stay and early morbid-
ity, including acute kidney injury and pneumonia.

15. What additional considerations apply for a ruptured
AAA?

Stable patients with a suspected ruptured AAA, should
undergo a CT angiography to determine AAA morphology.
Unstable patients should be taken immediately to the oper-
ating room. A hybrid operating room allows more flexibility
for on-the-table decision to maximize control of dissection
and bleeding. Sometimes a supraceliac balloon can be
inserted to stabilize hemodynamics initially and give the
anesthesiology team time to catch up with fluids and blood
products.

16. What is the significance of abdominal compartment
syndrome (ACS) in the context of ruptured AAA?

Patients with significant fluid or blood product resusci-
tation, and those with coagulopathy are more prone to
developing this condition. A high degree of vigilance is
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needed for early recognition before it impacts other organs.
ACS may cause liver or renal failure, interrupt venous
return, induce coagulopathy and may quickly become lethal.

17. What is the relevance of pre-existing cardiac disease for
the patient undergoing AAA repair?

Open repair is considered a high-risk vascular procedure
with regard to cardiac morbidity and mortality. The pooled
prevalence of myocardial infarction and death in the peri-
operative period in vascular surgery patients is 4.9% and
2.4% respectively. In the long term they approach 8.9 and
11.2%. A detailed understanding of the cardiac status, in
terms of ischemic potential and ventricular function is
important.

18. What symptoms or signs indicate further preoperative
cardiac evaluation is necessary in patients with AAA?

Unstable angina, uncontrolled heart rhythm and chronic
heart failure symptoms should prompt immediate evaluation
and optimization of therapy prior to surgery. This follows
the latest recommendations from the American Heart
Association and American College of Cardiology for peri-
operative evaluation of the cardiac patient presenting for
noncardiac surgery. This guideline-based approach should
not simply target clearance for the surgical procedure but
give the patient and caregivers the ability to make informed
decisions, help optimize the current therapy and provide
recommendations for the perioperative management of the
cardiac problems. Emergency procedures should focus on
resuscitation of the patient and stratification of cardiac risk
should occur in the postoperative phase.

19. When is preoperative myocardial revascularization
helpful?

There is a significant prevalence of coronary artery dis-
ease and carotid artery disease in patients with AAA. The
Coronary Artery Revascularization Prophylaxis (CARP) trial
did not find improvement of short-term outcome or
long-term survival despite aggressive revascularization pro-
phylaxis. Patients with the absence of multiple preoperative
cardiac risk variables experienced the best long-term sur-
vival after vascular surgery [8]. Similar results were estab-
lished by the Dutch Echocardiographic Cardiac Risk
Evaluation Applying Stress Echo (DECREASE) in high-risk
patients. This is also reflected in the current AHA/ACC
recommendations for CABG, recommending only those
patients who experience unstable angina symptoms benefit
from revascularization despite the higher incidence of
periprocedural complications in those patients. Patients who

underwent prophylactic revascularization did exhibit 5.5%
mortality from the CABG itself thus reducing the actuarial
benefit from the procedure.

20. Does this patient require further cardiac workup?

This patient has an extensive cardiac history with sig-
nificant changes in myocardial performance. Transthoracic
(TTE) or transesophageal (TEE) echocardiography can be
helpful in defining current (post revascularization and AVR)
myocardial function and will diagnose left ventricular
aneurysm or thrombus. TTE is better in the diagnosis of left
ventricular apical thrombus. Additional testing is not nec-
essary as the patient is an unlikely candidate for further
cardiac optimization. Since there has not been a change in
activity level and no new onset of shortness of breath, the
value of additional tests, considering their invasiveness and
inherent risks may be counterproductive.

21. When is percutaneous coronary intervention (PCI) indi-
cated prior to AAA repair?

Prophylactic PCI may be reserved for those patients with
unstable angina or evidence of myocardial ischemia. Sig-
nificant atherosclerotic disease poses a periprocedural risk to
patients undergoing PCI related to vascular access. More
recently, alternative sites for PCI access have been utilized,
including the radial and brachial arteries.

22. Would you perform other noninvasive diagnostic testing
and when?

Noninvasive diagnostic tests should only be performed in
patients deemed to be an intermediate risk and followed by
an intervention if indicated. Tests are currently not recom-
mended for those patients where further diagnosis will not
lead to an intervention. Perioperative medical management
and optimization is indicated.

23. What is the significance of poorly controlled preopera-
tive hypertension?

The preoperative visit should include vital sign testing,
and unexplained hypertension in a patient with AAA should
prompt investigation to rule out renal artery stenosis (RAS).
RAS can contribute to poorly controlled hypertension via the
renin–angiotensin–aldosterone mechanism. Uncontrolled or
long-standing hypertension may mask hypovolemia and
significant left ventricular hypertrophy may be present.
These patients are often very susceptible to minor changes in
the intravascular volume. Induction of general anesthesia in
hypovolemic patients can cause significant hypotension with
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poor response to therapy. Evidence suggests that blood
pressure less than 20% of normal can have adverse effects
including renal and myocardial hypoperfusion [9].

24. What is the function of BNP (“B-type” or brain natri-
uretic peptide) and when should it be a preoperative lab
test?

When evaluating a patient with intermediate risk factors,
one should consider the brain natriuretic peptide (BNP) as a
test for well-managed cardiac disease. The prognostic value
of BNP has been shown in an analysis by Young et al. with
an odds ratio of 15.0 to predict postoperative major adverse
cardiac events (MACE). The authors point out that the BNP
has a high rule-out and low rule-in value for MACE. As
such, this test should be added to the battery of tests these
patients undergo [10].

25. What is the role of measuring hematocrit and creatinine
to predict outcome?

Preoperative hematocrit (Hct) has been related to surgical
outcome. Patients with low preoperative Hct (<28) have a
higher risk of postoperative acute coronary events and
incidence of transfusion. Transfusion itself carries risk of
transfusion related problems including transfusion related
acute lung injury, immunocompromise, and hemolytic
reactions, among others. A recent article in the British
Journal of Anesthesia related preoperative anemia to poor
outcomes and increased health care resources [11]. Current
recommendations are to consider treating elective surgery
patients with a multimodal approach of erythropoietin, iron
and vitamin B12 preoperatively. Some medical centers have

established “anemia clinics” as part of their perioperative
surgical home initiatives.

Preoperative evaluation of creatinine (Cr) and glomerular
filtration rate (GFR) can provide estimates of kidney func-
tion, which relates to perioperative morbidity and mortality.
Patients with worse renal function may fare poorly and
experience higher incidence of in hospital complications
[12]. Preoperative Cr greater than 2 mg/dL and GFR less
than 60 ml/min are independent predictors of mortality in
both the short and long term [13, 14]. Perioperative
beta-blockers and statin therapy in renally impaired patients
have been proven to be beneficial [1].

26. What cardiac workup will you do in this patient? What if
coronary graft failure is suspected?

Patients with significant vascular disease have a higher
incidence of atherosclerosis with up to 50% manifesting sig-
nificant carotid artery disease. One should include assessment
of new ECG findings with regard to rate, rhythm and con-
duction abnormalities. Evidence of unstable angina or recent
acute coronary syndrome will need further evaluation and a
decision to order additional tests and or procedures. Stress
echocardiography or cardiac catheterization may further clar-
ify the condition. The patient described here has a significant
cardiac surgery history and advanced age. If atherosclerotic
changes in the grafts are causing preoperative ischemia or new
failure symptoms, treatment options include PCI with or
without stenting. This patient carries a high risk of an adverse
perioperative event if cardiac surgery was performed prior to
AAA repair. Cardiac catheterization may be the safest option
to improve graft blood flow. Guidelines for Surgery after
percutaneous coronary intervention are shown in Fig. 29.1.

Fig. 29.1 Guidelines for surgery after percutaneous coronary intervention (based on the 2014 Guidelines from American Heart Association) [19]
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27. What preoperative interventions are indicated regarding
(a) cardiac rhythm disturbances, (b) medication man-
agement (beta-blockers, clonidine, ACE inhibitors, and
statins)?

(a) Uncontrolled cardiac dysrhythmia and high grade AV
block, such as second degree Mobitz II, needs to be
evaluated, and if indicated, an implantable cardiac
rhythm management device inserted.

(b) Beta-blockers are indicated in patients who can tolerate
them and have significant impact on reduction of peri-
operative ischemia. However, their role has been ques-
tioned in otherwise stable patients. The POISE study
evaluated the all-cause mortality and concluded that
while the rate of postoperative myocardial infarction was
lower, the rate of death or stroke in the extended release
metoprolol group was significantly higher in a 30-day
postoperative period. New initiation of beta-blockers
may not be warranted in stable patients. Clonidine has
not been shown to affect the incidence of perioperative
MI in the POISE II study and was associated with
increased incidence of hypotension and nonfatal cardiac
arrest [15]. ACE inhibitors have been found to have
beneficial effects on acute vascular events in
atherosclerotic disease, but their impact on blood pres-
sure with induction of anesthesia and refractoriness to
treatment make them less desirable on the day of sur-
gery. Statins are consistently shown to improve out-
comes after vascular surgical interventions. More recent
trials have confirmed the benefits of statins on improved
renal outcomes, lower resource utilization and overall
hospital costs [6].

28. How would you evaluate respiratory status in patients
undergoing major vascular surgery? What recommen-
dation should be made regarding smoking cessation?

Patients undergoing open AAA repair may experience
numerous possible pulmonary complications. Most
intra-abdominal surgery predisposes to atelectasis, pneu-
monia, weakened cough, reduced vital capacity, worsening
of COPD, and can lead to respiratory failure. Careful review
of current pulmonary status should involve smoking (past
and current), asthma control, timing of medications, previ-
ous lung-related hospitalizations and intubations, as well as
the presence of chronic bronchitis. Smoking cessation just
prior to the surgical procedure is not recommended.
Increased airway irritability can lead to worsening of pul-
monary status in the perioperative period. There are benefits
to smoking cessation longer than a few days prior to pro-
cedure as the intra-arterial carbon monoxide content signif-
icantly diminishes and oxygenation improves.

Arterial blood gas measurement may be recommended in
heavy smokers and patients with advanced COPD to assess
the severity of CO2 retention. Values greater than 45 mmHg
arterial CO2 are associated with higher postoperative mor-
bidity. Patients with significant COPD may benefit from
bronchodilators. Perioperative beta-blocker therapy should
be carefully instituted if needed with selective beta-blockers
(bisoprolol, metoprolol, esmolol). Glucocorticoid therapy
may be beneficial in managing COPD exacerbation.

Patients with significant limitations of their respiratory
status may benefit from epidural analgesia in the immediate
postoperative period. Incentive spirometry and continuous
positive airway pressure are the only modalities where
benefit has been proven [1].

29. How would you address coagulation in this patient?

Vascular patients are predisposed to hypercoagulable
states. This may compromise graft patency in vascular sur-
gery patients postoperatively. It is important to assess
coagulation status with a careful history and physical
examination preoperatively. When regional analgesia is
planned for postoperative pain control, careful review and
planning of perioperative anticoagulation must be per-
formed. Intraoperative coagulopathy may be induced by
heparinization, as a surgical complication, or by use of other
anticoagulation or antiplatelet therapy. Vascular surgery
affects fibrinolysis, antithrombin III, fibrinogen levels, and
proteins C and S. The need for perioperative heparinization
should be discussed with the surgeon and included in the
planning for epidural analgesia management.

30. If the patient had diabetes what would you recommend?

Diabetes is a common disease with significant impact on
organs and systems. Current recommendations suggest tight
perioperative blood glucose management with values
between 90 and 150 mg/dL. Recommendations of the
American College of Endocrinology limit maximum blood
glucose during the hospitalization to 180 mg/dL. In the ICU
blood glucose may be even tighter controlled with ranges
between 90 and 110 mg/dL. The problem of acute hypo-
glycemia should be taken seriously as neurologic injury can
be severe and insidious.

31. What intraoperative monitors would you choose? Dis-
cuss arterial, venous, and pulmonary catheters.

Open AAA repair is a major intraabdominal or
retroperitoneal surgery with significant fluid shifts and
cross-clamp ischemic time. Appropriate monitoring in
addition to standard ASA recommendations include an
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arterial line and a central venous catheter. Vascular surgical
patients can have significant atherosclerotic disease and may
exhibit significant discrepancy between the measured blood
pressure in both arms. The arterial line should be placed in
the arm with higher blood pressure.

At least a triple lumen 7Fr. catheter is recommended for
central venous pressure monitoring and administration of
vasoactive or inotropic agents. It has been shown that the
values of central venous and pulmonary artery pressure do
not correlate with measured circulating blood volume. The
usefulness of a pulmonary artery catheter is debatable due to
associated morbidity and mortality while requiring signifi-
cant expertise in its interpretation. Much of its utility has
been replaced by transesophageal echocardiography (TEE).
TEE has become an indispensable tool in the management of
the cardiac patient for noncardiac surgery.

32. What additional monitoring may be helpful?

Continuous cardiac output monitors like continuous pulse
volume recording from the arterial line are useful in
managing fluid status of the patient. Currently stroke volume
variation (SVV) is not recommended to follow for volume
optimization. However, stroke volume and stroke volume
index are useful in guiding therapy. Additional monitors to
consider are cerebral oximetry, motor and somatosensory
evoked potentials. The cerebral oximeter may give infor-
mation on the balance of oxygen delivery and demand of the
prefrontal areas of the cerebrum. Use of this technology has
been associated with decreased hospital stay and cost.
Monitoring SSEPs and MEPs may have value in discovering
spinal cord ischemia. They require more technical personnel,
anesthetic planning, and necessitate additional knowledge.

33. How is the AAA approached surgically?

Open AAA repair can be accomplished either through the
retroperitoneal or midline approach. The retroperitoneal
approach has better exposure and induces less bowel trauma
and fluid shifts.

34. What are the goals of hemodynamic management in the
patient undergoing open AAA repair?

Current literature suggest that “less is more” regarding
fluid management during open AAA repair. The goal is to
maintain euvolemia and cardiac performance avoiding lib-
eral fluid administration. Excess fluid administration will
cause edema, hemodilution and can lead to postoperative
issues including bacterial transudation through the bowel
walls secondary to bowel edema. Postoperatively, fluid
mobilization within the first three days, will pose significant

burden on the cardiovascular system, and may result in
longer ventilator support, and pulmonary edema. Enhanced
recovery after surgery (ERAS) protocols address many the
aforementioned issues, including preoperative, intraopera-
tive and postoperative elements. Literature suggests that
standardization may improve outcomes.

35. What kind of venous access should this patient have?

Given the potential of significant blood loss and fluid
shifts in open repair, large bore intravenous catheters are
recommended. Two peripheral large bore (for example two
14 g IVs) and a central line should be sufficient. If peripheral
access is inadequate, a large bore central line, 8 or 9 French,
should be considered.

36. What intravenous fluids will you use?

Euvolemia is a beneficial goal for patients with significant
fluid shifts during the procedure. The ASA Choosing Wisely
initiative favors reducing colloid use. Crystalloids will
extravasate to the extravascular space due to disruption of
the glycocalyx membrane of the vasculature from humoral
factors or direct vessel injury. Colloids remain in the vas-
cular space longer, but are associated with renal damage and
coagulopathy. More recently, hypertonic saline has gained
attention but can be associated with significant hyperosmo-
larity and hypernatremia impacting renal performance.
Patients receiving hypertonic saline had significantly less
fluid administered during the procedure. Strandvik et al.
found that despite the decrease of ICP and effective blood
pressure restoration in ICU patients, it did not affect outcome
[16].

37. What type of anesthetic technique will you use for open
surgery of AAA?

General and combined general and epidural techniques
can be employed. While the inhalational technique can allow
for ischemic preconditioning, an epidural can be beneficial
in reducing the sympathetic outflow, inducing bradycardia
and mitigating hypertension. A disadvantage to the epidural
technique is vasodilation necessitating more IV fluids. Many
providers elect to place the epidural preoperatively and start
dosing it after the major blood loss and reperfusion periods
have occurred.

38. What antibiotics are appropriate for this patient?

Patients presenting for intraabdominal procedures should
receive prophylactic antibiotics prior to incision. Cefazolin
will be inappropriate in this patient due to her cefazolin
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Fig. 29.2 Systemic hemodynamic response to aortic cross-clamping.
Preload (asterisk) does not necessarily increase with infrarenal
clamping. Depending on splanchnic vascular tone, blood volume can
be shifted into the splanchnic circulation, and preload will not increase.

Ao aortic; AoX aortic cross-clamping; R art arterial resistance. (Adapted
from Gelman S: The pathophysiology of aortic cross-clamping.
Anesthesiology 82: 1026–1060, 1995, with permission of Wolters
Kluwer)

Table 29.1 Percent change in cardiovascular variables on initiation of aortic occlusion

Percent change occlusion

Cardiovascular variable Supraceliac Suprarenal–infraceliac Infrarenal

MAP 54 5a 2a

PCWP 38 10a 0a

LVEDA 28 2a 9a

LVESA 69 10a 11a

EF −38 −10a −3a

Patients with WMA 92 33 0

Adapted from Roizen MF, Beaupre PN, Alpert RA et al.: Monitoring with two-dimensional transesophageal echocardiography. Comparison of
myocardial function in patents undergoing supraceliac, suprarenal–infraceliac, or infrarenal aortic occlusion. J Vasc Surg 1:300–305, 1984, with
permission of Elsevier
aStatistically different from the group undergoing supraceliac aortic occlusion
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anaphylaxis (β-Lactam antibiotic), and thus vancomycin or
clindamycin are appropriate choices. This procedure should
not involve bowel damage and thus coverage with metron-
idazole or aminoglycoside is unnecessary [17].

39. Describe the impact of aortic cross-clamping during
surgery and how to manage it.

An aortic cross-clamp is needed for control of the aorta above
the aneurysm. Increasingly proximal occlusion induces more
profound physiological effects. Aortic occlusion impacts
hemodynamics (Fig. 29.2), cardiac performance (Table 29.1),
and release of humoral factors (prostaglandins, catecholamines,
vasoconstrictors, activation of renin-angiotensin-aldosterone
system).

The initial occlusion increases the peripheral resistance
and leads to a decrease in venous return and cardiac output.
Redistribution of blood ensues with shift toward the
splanchnic circulation and muscles in cases of an infrarenal
cross-clamp. Venoconstriction occurs as a result of the cat-
echolamine surge. This leads to an increase in intracranial
and lung blood volumes. Suprarenal occlusion is less well
tolerated since there is less ability for circulatory redistri-
bution. The load on the heart increases and is much more
likely to cause left ventricular segmental wall motion
abnormalities. Patients with compromised coronary perfu-
sion may experience ischemia and not be able to maintain
cardiac output.

The impact on muscles and organs distal to the
cross-clamp is significant. Their perfusion relies on pressure
dependent collaterals. An increase in blood pressure aug-
ments distal perfusion and can attenuate the ischemia. The
hypertensive response to aortic cross-clamp may be attenu-
ated with afterload reduction agents like clevidipine or
nicardipine as well as preload reduction agents like nitro-
glycerin. Inducing mild hypotension prior to cross-clamp
allows for better tolerance of the afterload increase. Ischemic
preconditioning has been associated with up to 23% decrease
in myocardial and renal injury in human studies [18].

40. Can renal protection be instituted during aortic
cross-clamping, and is it effective?

No current renal protective strategy has been proven to be
more effective or superior to another. Evidence shows that
appropriate hydration is associated with better outcomes.
Some practitioners have employed bicarbonate infusion
without success, and this can be associated with higher
sodium load. The use of mannitol prior to clamp application
and after clamp removal increases the urine output through
osmotic diuresis, but this has not been proven to have a renal
protective effect. The free radical scavenging ability of

mannitol may be protective in ischemia reperfusion situa-
tions, although evidence is still inconclusive. Overall, the
relationship of urine output to postoperative incidence of
AKI has not been established. Fenoldopam has not proven to
be of value. Renal dose dopamine exerts its action through
increase in the cardiac output and perfusion. Loop diuretics
may be beneficial by decreasing ATP utilization in normo-
volemic patients. Administering diuretics to hypovolemic
patients may be harmful. In cases of prolonged clamp
duration, selective hypothermia with direct infusion of cold
Ringer’s Lactate may be beneficial [18].

41. What mesenteric and hepatic protection strategies are
appropriate in high aortic cross-clamping?

Aortic cross-clamp above the celiac arteries carries a high
risk of bowel and liver ischemia and release of interleukins
and tumor necrosis factor. This has been associated with
bacterial translocation and worsened postoperative course
and outcomes. The best solution is to keep the ischemic time
as short as possible or to bypass the clamp with a graft.
Some authors recommend high doses of methylprednisolone
at the beginning of anesthesia, allowing two hours for the
pharmacologic effect, but this has been associated with renal
dysfunction in the postoperative period. A bicarbonate
infusion may be considered for prolonged hepatic ischemic
time.

42. What is the impact of aortic cross-clamp on coagulation?

There are two general ways open repair of AAA affects
coagulation. Blood loss and associated fluid administration
with hemodilution of factors and platelets may induce
coagulopathy, and this is more significant in anemic patients.
Second, the clamp itself can stimulate the release of plas-
minogen activator. Thromboelastography has revealed
increased clotting factor activity during clamping and
decreased speed of clot solidification after unclamping of the
aorta.

43. How do you manage unclamping?

Aortic cross-clamp has rendered a significant part of the
body ischemic and reliant on collaterals. Depending on the
level of cross-clamp application this effect can be significant.
Release of an infrarenal cross-clamp is better tolerated than a
supraceliac occlusion given equal ischemic time. Aortob-
ifemoral grafts allow for sequential reperfusion and dimin-
ished acid load. Reperfusion is associated with systemic
flooding of humoral factors and lactic acid, all contributing to
significant hypotension and vasodilatation. Profound acidosis
in the cardiac patient can impact myocardial performance.
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Prophylactic sodium bicarbonate administration is not rec-
ommended as the intracellular milieu may not be affected and
the CO2 byproduct of its metabolism may worsen respiratory
status. However, if reperfusion significantly impacts
myocardial performance, its use may be justified.

Preparation for unclamping is an important process where
volume status should be optimized. Electrolyte abnormalities
should be corrected. In the case of supraceliac cross-clamp
and multiple blood transfusions, circulating citrate may not
be metabolized by the liver, and ionized hypocalcemia and
coagulation abnormalities may persist. Calcium administra-
tion and replacement may be prudent.

44. How do you manage significant blood loss?

Significant blood loss is possible during open repair of
AAA. Current recommendations are to replace plasma and
platelets after eight units of blood have been administered or
after six units have been given and more is anticipated.
Recent research in trauma and major transfusion has shown
that 1:1:1 ratio of PRBC, FFP, and platelets yields best
results. Recombinant factor availability has allowed for tar-
geted replacement of those blood components that have been
depleted. The role of factor eight concentrates and fibrinogen
concentrates is still under evaluation. In emergent procedures
where coagulopathy has become difficult to manage, factor
VIIa may be considered. Utilization of cell saver and rapid
infusion devices are commonplace and should be considered.

45. What kind of spinal cord monitoring or protection
should be utilized in open AAA repairs?

Spinal cord ischemia occurs in 1–11% of cases. Much of
it is related to perfusion of the anterior spinal cord by the
single anterior radicular artery of Adamkiewicz. It has a
variable origin between T8 and L1/L2. It is unknown whe-
ther the aortic cross-clamp and graft will affect spinal cord
perfusion as collateralization is often poor. The perfusion of
the anterior spinal cord may be monitored intraoperatively
with SSEPs and MEPs. If suspicion of inducing spinal artery
ischemia is high, this may necessitate the insertion of a
spinal drain, particularly in cases with supraceliac
cross-clamping. Insertion of a silastic spinal drain catheter at
spinal level L3-4, requires understanding CSF production
and tolerable drainage. Some current spinal drain catheters,
which have larger bores, have built in valves allowing for
draining only when the intracranial pressure (ICP) exceeds
5–10 mmHg. One should never drain more than 10–12 cc of
CSF in an hour as the ensuing low intracranial pressure
poses a risk of rupturing of bridging intracranial veins and
inducing subarachnoid bleeding. The outcome of such
an event carries high mortality and morbidity. Another

maneuver to preserve spinal cord perfusion is to increase
perfusion pressure by augmenting mean arterial pressure.

46. How do you manage temperature during the procedure?

Thermoregulation is impaired under general anesthesia.
Redistribution of heat during the initial 2 h can lead to
significant hypothermia. Fluid administration, exposure and
ambient temperature can exacerbate the loss of body tem-
perature. Hypothermia impacts various processes including
drug metabolism, coagulation, and may result in increased
blood loss. As an accepted quality measure as well as good
practice, efforts should be made to keep the patient nor-
mothermic. There may be a beneficial effect of mild local
hypothermia during the aortic cross-clamp period to improve
ischemia tolerance, but the detrimental effects of generalized
hypothermia are well documented. The use of a warming
device on the lower body during cross-clamping of the aorta
is not recommended as it may aggravate ischemia secondary
to increased metabolic demand.

47. What postoperative pain management strategies should
be considered?

Open AAA repair carries significant pain potential and a
functional thoracic epidural catheter is beneficial. If there are
contraindications to an epidural catheter insertion, a tran-
versus abdominal plane (TAP) block and intravenous opi-
oids should be considered. The postoperative pain
management strategy should begin in the preoperative period
and planned during the preoperative visit. The impact of an
epidural catheter with combined opioid and local anesthetic
infusion in the postoperative period has several benefits
including better quality postoperative respiratory function. In
patients at higher risk for postoperative ileus (transperitoneal
surgical approach), using a local anesthetic infusion (omit-
ting opioids) has been shown to be beneficial. Generally,
multimodal pain control, consisting of nonsteroidal medi-
cation like acetaminophen, epidural infusion of local anes-
thetic and judicious use of opioids should be considered.
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30Anesthesia for Endovascular Aortic Aneurysm
Repair (EVAR)

Stefan Anexandrov Ianchulev

Case presentation:
A 70-year-old male patient has been scheduled for

endovascular repair of an infra-renal aortic aneurysm.
Major Medical History: Cardiovascular system: Exercise

tolerance <4 METs, HTN, CAD with moderately decreased
ejection fraction, stable angina, PVD, carotid artery stenosis,
left CEA 2009. Renal artery stenosis, hip osteoarthritis,
severe COPD, on steroids and recent exacerbation requiring
hospitalization, presents for 5.5 cm infrarenal AAA repair.

Physical Exam: 165 cm, 95 kg; BMI 34.5

Heart sounds: Normal; Lungs without rhonchi or wheezes

BP 140/88; HR 64; Mallampati class: 2

AAOx3

PSH: Left CEA

Meds: Norvasc, Lipitor, Toprol, ASA, Folic Acid,
Fish Oil, taper schedule steroids, MVI

Medical
Consultation
concludes:

No further risk stratification needed for
cardiac workup; acceptable risk

Allergies: Simvastatin, Augmentin, Bactrim, IV Dye
(Iodine), Codeine, Procainamide, Keflex

Laboratory test results:

• Labs: Na 141, K 4.3, Cl 101, HCO3 30, BUN 23, Cr 1.4,
Hb 11.5, Hct 31, PT 10.9, PTT 36.2, INR 1.2, GFR 54

• ECG: NSR, IAV block; LBBB
• CXR: signs of hyperinflation, lower standing diaphragm.

1. How would you approach this patient based on the his-
tory, physical exam, and previous tests?

This patient presents with the concomitant diagnoses of
CAD, peripheral vascular disease, COPD, obesity, and
chronic kidney insufficiency. Additional tests like dipyri-
damole stress test and dobutamine stress echo have low
sensitivity (20–30%), but high specificity (95–100%). Sub-
jecting this patient to stress testing may prompt further
investigation if positive and should lead to a final interven-
tion with regard to the CAD. If this final intervention is not
desirable or too high of a risk due to patient’s general con-
dition, then these tests should be avoided. Each test the
patient is subjected to in the process of preparation for sur-
gery has its own risk, which is additive to the inherent risk of
the planned surgical procedure. Risk stratification can occur
postoperatively. However, optimal medication coverage
should be instituted prior to surgery. The beneficial effects of
statins and beta blockers in this patient population have been
established. It is important to consider the type of anesthesia
in this patient. General anesthesia (GA) has been associated
with higher cardiovascular morbidity compared to regional
anesthesia (RA) [1].

2. Is the LBBB block of significance in this patient?

Isolated long-standing LBBB does not mandate further
testing or treatment in this setting. If pulmonary artery
catheterization is planned, precautionary measures to treat
complete heart block should be in place. Catheter induced
right bundle block is usually transient, but longer duration
may result in prolonged asystole requiring CPR. The avail-
ability of resuscitative medications and external pacing
capability is advised. It may be difficult or impossible to
detect ST depression or elevation in a patient with LBBB.

3. What are your considerations regarding the renal status
of this patient?

An elevated creatinine and BUN in the setting of sig-
nificant cardiovascular disease signify chronic renal
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impairment. It would be prudent to obtain the glomerular
filtration rate (GFR) to assign the chronic kidney disease
(CKD) stage. More advanced stages correlate with higher
morbidity and mortality in the perioperative setting.
The CKD stage is defined based on the glomerular filtration
rate, age, gender, and race according to the formula:
186 � (Creat/88.4) − 1.154 � (Age) − 0.203 � (0.742 if
female) � (1.210 if black).

Chronic kidney disease poses significant risk for renal
dysfunction in cases where intravenous dye is used. A stage
change in the renal insufficiency has been reported to occur
between 18% and 29% of cases [2]. The presence of CKD
should prompt further discussion with the patient and eval-
uation of recent changes in BUN, Cr, and GFR. A plan for
preprocedural hydration should be considered.

4. Is COPD common in patients with AAA? How should
the COPD be addressed in this patient?

Many elderly patients have COPD, particularly those
with significant smoking history. It is important to evaluate
the patient for evidence of exacerbation and optimal therapy.
Significant reversibility on PFTs may signify the need for
further therapy optimization. Significant pulmonary disease
renders patients at much higher risk for mortality and sig-
nificant morbidity due to diminished pulmonary reserve.

Associated bronchitis and sputum production should be
assessed. History of intubation for COPD exacerbation may
impact the type of anesthesia administered. An in-depth
discussion of general versus regional or even local anes-
thesia should be performed. The patient’s preferences need
to be respected but possibilities of prolonged intubation and
related complications should be addressed. Home oxygen
requirement, acute changes in symptoms, or baseline func-
tion should prompt the evaluation of arterial blood gases for
baseline CO2 retention. Higher bicarbonate on the elec-
trolyte panel may signify metabolic compensation for res-
piratory acidosis due to CO2 retention. Oral steroid use
should be noted and replacement may be required.

5. What additional risks occur with increasing severity of
the COPD? What is the implication of COPD on the
anesthesia decision?

COPD is another risk factor for prolonged postoperative
ventilation and associated complications. Given the low
invasiveness of the procedure, regional anesthesia should be
considered. Loco-regional anesthesia has been associated
with better perioperative pulmonary outcomes and shorter
LOS. Edwards in 2011 showed a preponderance of pneu-
monia and failure to wean from the ventilator in the general
anesthesia versus the regional anesthesia group [1]. Given a

recent exacerbation of COPD in this patient, loco-regional
anesthesia should be the preferred choice.

5. How does obesity impact outcome in AAA repair?

Obesity has been associated with worse outcomes in both
open and endovascular abdominal aortic aneurysm repair as
determined from the NSQIP study in 2007 by Giles [3].
Obesity is often associated with obstructive sleep apnea,
hyperlipidemia, and type II diabetes. These associated
comorbidities present additional risk for the surgical patient.

7. How do you approach a patient with limited exercise
capacity?

Patients who cannot walk up one flight of stairs or walk
on ground level at 3 km/hour based on a 5 m walk test in
6 s, have increased incidence of adverse events [4]. The
walk test has been established as an independent predictor of
increased postoperative morbidity and mortality. The
patients in the Afilalo study had more than 2 times adverse
outcomes over those who were able to do walk the distance
in less than 6 s.

8. What are the implications of fluoroscopy?

Patients with renal impairment carry additional risk based
on dye exposure and load during the procedure. Patients who
have intravenous dye allergy are most commonly allergic to
the iodine in iodine containing dyes. This scenario is best
managed by avoiding iodine and substituting with nonionic
dyes. In EVAR imaging iodine dye is used. Pretreatment
with corticosteroids and H1/H2 blockers is advised. N-acetyl
cysteine may have a role in renal protection. Adequate
hydration should be performed before the procedure, but
caution should be taken not to put this patient in acute
congestive heart failure. Alternatively, intraoperative imag-
ing may be performed with carbon dioxide as the contrast
agent in patients at very high risk for renal impairment,
weighed against the risk of significant gas embolism.

9. What factors determine suitability for EVAR?

(I) Aneurysm-related anatomic factors:

(a) Vascular access to the iliac arteries, and their size and
tortuosity may necessitate an alternative approach with a
higher incision and side graft access instead of percu-
taneous access. A minimum intraluminal diameter of
7 mm is needed for successful percutaneous access.

(b) Aneurysm morphology (tortuosity, thrombus) may affect
suitability for graft fit. An angiogram must be performed
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to locate the more important arterial branches supplying
the kidneys, intestines, and possibly the anterior radic-
ular artery.

(c) Aneurysm neck length and morphology (calcification,
thrombus, length, angle) must be known. A minimum of
10 mm neck is required for a proper sit of the proximal
graft end. Overall size matters as well, as very large
aneurysms have the propensity for early graft failure
(Type I and Type II).

(d) Thrombus in the aneurysm poses risk of dislodgement
and distal embolization.

(II) Involvement of renal and celiac arteries

Advances in graft development allows for implantation of
grafts which may cover the ostium of large arterial branches.
Secondary stenting through fenestrations in the graft during
the procedure allows for reestablishing perfusion in those
branches. There are patient-specific fenestrated grafts with
orifices for the renal, celiac, and superior mesenteric arteries.
Additional vascular access through the brachial or axillary
arteries may be required. This should be discussed with the
surgeon pre-operatively.

10. How is surgical outcome related to the anatomic factors
of planning EVAR over open surgery?

A scoring system (see Tables 30.1, 30.2, 30.3 and 30.4)
has been set up based on the aortic angle and tortuosity, and
the presence of intraluminal thrombus. The scores are one
through three points with higher total number of points
signifying poorer EVAR outcomes [2].

11. What clinical factors impact surgical decision-making
for endovascular (EVAR) versus open repair (OR) of
AAA?

(a) Various scoring systems have been used to define
benefit of OR versus EVAR approach—APCHE,
POSSM, ASA, SVS/AAVS.

(b) Age, cardiac, pulmonary, and renal status of the patient.
(c) EVAR is still considered intermediate to high cardiac

risk procedure with 3–7% mortality.

(d) Preexisting renal insufficiency is associated with poor
EVAR outcomes.

(e) Diabetes Mellitus is associated with significantly higher
device related complications and early mortality rates.
However, the insulin controlled DM II patients had
lower incidence of endoleaks than the noninsulin con-
trolled DM II and nondiabetic patients.

(f) Albumin less than 3.6 g/dl is a patient-related risk
factor associated with higher morbidity and mortality.

(g) Smoking is a contributing factor to postoperative pul-
monary complications. It has been found that those
patients who stopped smoking between 1 and 8 weeks
before surgery had higher complication rate compared
to those who either continued smoking or stopped
longer than 8 weeks.

(h) Patient preferences should be considered: EVAR—1
trial showed better outcomes in the first 4 years, but
increased risk of endoleaks and re-interventions there-
after. Current study showed patient preference for
EVAR to be above 80% (SIR Guideline 56, 57–58).

(i) Patients with major risk factors for either approach
require a multidisciplinary evaluation and decision.

12. How does preoperative evaluation of the patient with
AAA for EVAR differ from open repair?

There is no difference between the preoperative evalua-
tions of these patients. The EVAR procedure evokes more
concerns with regard to renal status of the patient. While the
procedure itself may be less invasive, the patients presenting
for EVAR are generally sicker. They may be at much higher
risk if general anesthesia is performed. Based on their
physical status, these patients may be counseled for regional
or even local anesthesia. It is even more important to
understand how the surgical procedure will be carried out
and when bailout to an open approach is indicated [5]. Some
centers recommend that multidisciplinary teams should be
involved when an OR is considered. The recommendations
of the American College of Cardiology and the American
Heart Association are a useful tool in the guidance of pre-
operative cardiac tests.

Patients presenting for EVAR are at risk of complications
associated with aneurysmal rupture or iliac arterial damage

Table 30.1 Aortic angle and
tortuosity scoring [2]

Aortic angle and tortuosity scoring

Grade Index Aortic angle

0 <1.05 160°–180°

1 >1.05 < 1.15 140°–159°

2 >1.15 < 1.20 120°–139°

3 >1.2 <120°
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requiring the ability to administer large volume of fluids or
blood products.

Generally, all vascular patients should be on aspirin and
statins if not contraindicated.

13. What is your rationale for inserting venous and arterial
catheters? How will you manage volume?

This patient should have two large bore peripheral
intravenous catheters. A radial arterial line should be inser-
ted preferably on the right side in case a brachial artery
approach from the left is needed during the procedure for
additional surgical access. The need for a central line should
be based on expected hemodynamic instability or need for
vasoactive medications. Poor peripheral access should also
prompt central venous access.

Measuring CVP is unreliable as predictor of intravascular
volume. Insertion of a central line for this purpose is
unnecessary. The use of a pulmonary artery catheter
(PAC) is associated with significant morbidity and mortality
as well as a lack of reliability to adequately represent left
sided filling pressures volume status. Assessing volume
status of the patient is best done with transesophageal
echocardiography (TEE). Utilizing TEE may require deeper
sedation or general anesthesia.

Hydration of the patient should be performed intra-
venously before the procedure and a fluid deficit should be

corrected. The help of various less invasive devices and
algorithms are available to aid in this process. These include
measurement of pulse pressure variation and stroke volume
variations. These methods have not been validated in
spontaneously breathing patients or in patients with signifi-
cant dysrhythmia. There are inherent problems in the
assumptions made for these devices, so caution is advised
when this benefit is sought. Either 0.9% normal saline or
isotonic bicarbonate solution may be used for perioperative
hydration especially for patients with elevated creatinine.
Intraoperative measurements of hematocrit, electrolytes and
arterial blood gas are recommended.

14. What EVAR grafts are in current use?

Common grafts used for endovascular repair of AAA are
mentioned in Table 30.5 (It is not the scope of this chapter to
review specific graft related selection criteria, but we felt it is
of importance to understand some of the grafts’ character-
istics). Other grafts are in the process of development and
trials.

15. Will you chose general versus regional or MAC
anesthesia?

The complexity of the surgical intervention and physio-
logic perturbation, coupled with advances in operating room

Table 30.2 Thrombus
scoring [2]

Thrombus scoring

Grade Amount of thrombus

0 No visible thrombus

1 <25% of cross-sectional area

2 25–50% of the cross-sectional area

3 >50% of cross-sectional area

Table 30.3 Aortic neck length
scoring [2]

Aortic neck length scoring

Grade Aortic neck length (mm)

0 >25

1 >15 but <25

2 >10 but <15

3 <10

Table 30.4 Proximal aortic
diameter scoring [2]

Proximal aortic diameter scoring

Grade Aortic neck diameter (mm)

0 <24

1 >24 <26

2 >26 <28

3 >28
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technology, make it necessary for an anesthesiologist to
manage the patient in a hybrid interventional radiology suite
operating room.

The establishment of National Surgical Quality Improve-
ment Program (NSQIP) allowed for retrospective analysis of
various standard parameters.With regard to type of anesthetic,
in a study by Edwards and colleagues based on NSQIP, gen-
eral anesthesia was associated with greater pulmonary mor-
bidity and length of stay in the hospital compared with spinal
and local/MACmanagement in EVARpatients [1]. This study
suggests that the use of less invasive anesthesia techniquemay
be beneficial in limiting perioperative morbidity and decrease
cost associated with EVAR in high risk patients.
The EUROSTAR study also commented on the benefits of
local/MAC and regional anesthesia being the greatest in the
high risk group. The EUROSTAR study showed among more
than 5500 patients that regional and local anesthesia with
MAC have advantages over GA groups.

In the patient above, epidural or spinal anesthesia is
recommended if the anatomy of the AAA allows for easy
surgical approach and uncomplicated graft deployment.
Local anesthesia with sedation can be utilized after discus-
sion with the patient. With greater complexity epidural
anesthesia with intravenous sedation will ensure longer
lasting anesthesia. Local anesthesia and regional anesthesia
have the benefit of reduced ICU admissions, hospital length
of stay, and early complications. These patients also expe-
rienced mortality benefit in the long term. Additionally the
fluids and vasopressor administered were less. Postoperative
cardiac and pulmonary complications were also fewer.

The afterload reduction may be beneficial in the patient
with compromised ejection fraction. This has to be weighed

against the need of preload maintenance and fluid adminis-
tration. A gentle onset of the epidural is recommended.

16. What factors do you take into account when planning
regional anesthesia when a patient will be anticoagulated
for EVAR?

The risk of epidural hematoma is low if the insertion is
clean and the administration of intravenous heparin is at least
1 h after insertion. Removal of the epidural catheter should
be performed 2–4 h after the last heparin administration and
documentation of normal coagulation factors. It is recom-
mended that the platelet count be monitored in patients
receiving heparin longer than 4 days. For low molecular
weight heparin administration, the recommendations are to
avoid neuraxial manipulation for 10–12 h after the last dose
in the DVT prophylaxis regimen. If the dosing is at DVT
treatment level, at least 24 h should pass prior to neuraxial
anesthesia administration.

Anticoagulants like clopidogrel, dabigatran, prasugrel,
and several others necessitate careful review of dosing and
communication with the medical and surgical teams. Typi-
cally use of the agents will require discontinuation of 5–
10 days prior to institution of neuraxial anesthesia [6].

17. How would you manage intraoperative hemodynamics?

Preserving homeostasis and perfusion to vital organs is
crucial in these patients. Hydration and maintenance of
intraoperative mean arterial pressure while avoiding or
minimizing vasopressors in the setting of unrecognized
hypovolemia is of high importance.

Table 30.5 Common grafts
used for endovascular repair of
AAA*

Graft Manufacturer Properties

Zenith Flex
AAA

Cook,
Bloomington, IN

Bifurcated three piece modular graft made of polyester fabric
and is self-expanding. Proximal size is 22–36 mm with 8–
24 mm iliac limbs

Powerlink AAA Endologix, Irvine,
CA

A unibody self-expanding graft made of
polytetrafluoroethylene. Proximal component is 25 or
28 mm diameter and the iliac graft size is 16 mm. It is
available with and without suprarenal fixation

Excluder AAA
endoprosthesis

Gore and
Associates,
Flagstaff, AR

A two piece modular self-expanding graft. Various sizes are
available to fit in the iliac arteries as well as to allow
anchorage below the renal arteries

AneuRx
endoprosthesis

Medtronic,
Minneapolis, MN

A two piece modular device

Talent
endoprosthesis

Medtronic,
Minneapolis, MN

A modular device which employs suprarenal attachment
struts

*Other grafts are in process of development and trials
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18. What fluids will you use, and why do you choose one
type over another?

Current studies have shown significant impact of peri-
operative fluid management on outcomes [5]. Optimum fluid
management, as described in the literature as goal-directed
therapy (GDT), is advised in patients with compromised
renal function undergoing significant contrast exposure and
fluoroscopy. However, none of the recommended strategies
have reached Level 1 recommendation [7]. The utility of
urine output under general anesthesia has not been validated,
nor has pressure contour analysis of arterial pressure in
spontaneously breathing awake patients.

While the intravascular volume is important to maintain,
the type of fluid used has not made a clear outcome differ-
ence in many studies. The eternal question of colloid versus
crystalloid still has not been answered. There is, however,
evidence that larger Dalton size colloids may contribute to
postoperative renal injury as well as a negative impact on
coagulation. Use of balanced crystalloid solution for this
patient exposed to a significant dye load would generally be
considered standard of care.

Avoiding hypovolemia is the best renal protection
according to evidence based research. Medications such as
loop diuretics, mannitol, renal dose dopamine, or fenoldo-
pam have not been associated with superior outcomes.
Mannitol has the purported benefit of free radical scaveng-
ing. An osmotic diuresis may allow for faster dye clearance
and so minimize its impact.

Avoiding vasopressors if possible is important, particu-
larly so under general anesthesia where the splanchnic blood
flow is diminished. Judicious use when needed is acceptable
to counteract anesthesia induced vasodilatation. In a patient
with compromised myocardial performance, a pure alpha
agonist may cause further decrease in cardiac output and
compromise organ perfusion further.

19. What are your concerns with regard to blood loss?

Simple EVAR for a well-defined infrarenal AAA can be
accomplished with minimal blood loss. However, complex
AAA repair carries potential for significant blood loss from the
access sites. In these patients, frequent point of care monitoring
of Hgb/Hct and ABGs is appropriate. While RBC transfusion
has been associated with adverse outcomes and higher mor-
bidity, oxygen carrying capacity must be maintained.

20. How will you manage intraoperative blood pressure in
this patient for EVAR?

Blood pressure management is an important part of
intraoperative management. Earlier grafts were very prone to

dislodgement due to lack of anchoring attachments and the
need for balloon expansion. High blood pressure and
tachycardia could dislodge the graft during initial deploy-
ment. To avoid this, induced hypotension and brief asystole
induced with adenosine were recommended. The need for
balloon expansion of the graft could pose a significant
afterload increase and have significant impact on myocardial
performance and blood pressure. Later trifurcated balloons
were developed which had less impact on afterload. The
modern age has brought self-expanding grafts which avoid
those hemodynamic perturbations. The current state of the
art recommends mild hypotension, keeping systolic blood
pressure below 100 mmHg during graft deployment. Pro-
longed hypotension and advanced age have been associated
with increased incidence of delirium and longer hospital
stay.

21. How will you manage heparin anticoagulation?

Five thousand units of intravenous heparin are usually
administered initially. A target ACT of 2–2.5 times normal is
typical for EVAR. As the length of procedure increases,
ACT may guide additional heparin administration.

22. Knowing the concern for urinary catheter associated
infections, would you insert a Foley catheter in a patient
for EVAR?

Placement of an indwelling urinary catheter is recom-
mended as copious urine may be produced, and the signifi-
cant dye load can compromise kidney function. Appropriate
hydration and careful assessment of fluid input and output is
mandatory. An initially uncomplicated procedure may turn
into a difficult time consuming technical challenge, or
require open conversion which currently occurs with a 2%
frequency.

23. Would you elect to perform an EVAR in a ruptured
AAA?

There is an increasing tendency to treat ruptured AAA
with endovascular stents and other minimally invasive
techniques. Success with this approach has been largely
reported by some groups. Others report less successful
management with EVAR. Advantages of less invasiveness,
less manipulation and damage to periaortic structures and
bowels, decreased bleeding and minimized hypothermia, and
associated issues has made many surgeons attempt EVAR
for rupture. As experience increases, so does the success
rate. Some authors have recommend a standard protocol and
approach to the patient with ruptured AAA. They advise the
performance of the procedure in only very well-equipped
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imaging centers, minimized fluid administration and toler-
ance to transient hypotension. However, this has not been
widely accepted due to lack of conclusive evidence and fear
that he attempt of endovascular treatment may delay treat-
ment and even increase risk [8]. Local anesthesia is preferred
in these cases. The use of supraceliac balloon aortic occlu-
sion can mitigate against circulatory collapse but makes the
insertion of the stent more challenging. Caution is advised in
such cases to make an early diagnosis of abdominal com-
partment syndrome in ruptured AAA. If this occurs,
laparotomy and hematoma evacuation will improve oliguria
and high ventilator pressures. Monitoring of bladder pres-
sures is recommended for these patients. It appears that the
greatest benefit of EVAR is in the patients who are hemo-
dynamically unstable or in hemorrhagic shock. An average
of 49% of all ruptured AAA were treated endovascularly. In
those centers who were successful the most important issues
were proper aortic balloon control, early recognition of
abdominal compartment syndrome and the establishment of
a structured system and protocol for management of the
patient with the ruptured AAA. From an anesthetic point of
view, a large bore IV should be placed and sufficient blood
cross-matched. Neuraxial anesthesia is not considered
appropriate. Van Beek concluded in his meta-analysis of
short-term survival that endovascular repair of ruptured
AAA is not inferior to OR [9].

24. What factors limit the success of local anesthesia and
sedation in ruptured AAA treated by EVAR?

(a) Pain from expanding hematoma
(b) Increased intra-abdominal pressure and respiratory

insufficiency
(c) Ischemic pain in the limbs and buttocks

(d) Metabolic acidosis with insufficient respiratory com-
pensation and hypotension leading to confusion and
agitation

25. What are the types of Endoleaks? (see Table 30.6)
26. Is there a role for CSF drainage or evoked potential

monitoring in the endovascular repair of AAA?

Normally AAA, particularly below the renal arteries do
not require CSF drainage. If the level of the proximal graft
insertion is set at a higher level, the chances of occluding the
anterior radicular artery increase. The artery of Adamkiewicz
originates between T5 and L5 and most commonly between
T9 and T12 directly from the aorta. Collaterals to the spinal
cord can originate from the inferior mesenteric artery,
internal iliac, and middle sacral arteries. The inferior
mesenteric artery is occluded in infrarenal AAA. Some
surgeons advocate the use of aortic balloon occlusion for
10–15 min to check for neurological deficit in awake
patients or use SSEPs/MEPs in patients under general
anesthesia prior to stent deployment. A spinal catheter to
drain CSF can be inserted postoperatively. Neurological
deficits should initially be treated with an increase in mean
blood pressure to improve the spinal cord perfusion pressure
(perfusion pressure = MAP-ICP or CVP whichever is
higher). If this does not yield the expected result, CSF
drainage is indicated. There are significant risks associated
with CSF drains. The incidence of epidural hematoma is not
to be underestimated particularly when the patients undergo
anticoagulation. Active monitoring for symptoms associated
with it should be instituted with all patients. Another risk is
the accidental drainage of large amount of CSF. Draining
more than 10–12 ml of CSF per hour is contraindicated.
Loss of significant CSF amount can lead to tenting of the

Table 30.6 Types of endoleaks Enodleaks
types

Description Repair

Type I Inadequate seal between the aortic wall and
the proximal or distal end of the graft. High
potential for rupture

Immediate

Type II Retrograde filling of the aneurysmal sac
occurs due to intercostal, lumbar, testicular,
or inferior mesenteric branches. Most
would thrombose over time

Delayed. When this leak type leads to
continuous aneurysmal expansion the leak
should be addressed

Type III Structural failure of the graft with blood
flow in the sac

Immediate repair

Type IV Leaks associated with the porosity of the
material. It can be primary (at time of
deployment) or secondary (late occurrence
after initial seal has been established)

Delayed

Type V Persistent pressurization of the aneurysmal
sac without identifiable cause

Delayed
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dura and tear of some of the bridging veins resulting in SAH
with grave consequences.

27. What type of pain management do these patients require
postoperatively?

Patients presenting for EVAR have minimal pain when
access has been percutaneous. However, retroperitoneal or
lower abdominal access to the iliac vessels can be signifi-
cantly more painful. While local anesthesia is sufficient in
the first case, the latter is better served with epidural anal-
gesia or intravenous PCA. Elderly patients can be very
sensitive to the actions of opioids and therefore careful
planning is needed. The benefit of epidural placement in
these patients is early extubation and better pain control with
less opioids.

28. Where should your patient recover?

Vascular patients often require intensive care manage-
ment and frequent observations. The ICU setting is best for
these purposes. However, EVAR performed under local
anesthesia and MAC may be recovered in a step down unit
or PACU overnight prior to sending to the general hospital
floor. Many hospitals do not have a stepdown vascular unit,
and these patients will go to the ICU. Monitoring these
patients greatly depends on the invasiveness of the proce-
dure. Open repair, regardless of the approach, will require
ICU management for the immediate postoperative period.
EVAR patients have less fluid administered during the
procedure and generally less vasoactive medications, so their
postoperative course is generally less complicated form the
hemodynamic point of view.

29. What is postimplantation syndrome?

This is a post EVAR condition characterized by fever,
elevated C-reactive protein and leukocytosis in the absence
of infection. Etiology of the postimplantation syndrome may
be related to reaction to the graft material, endothelial
modification or thrombotic material isolation. In general this
process is self-limiting. It may last between 2 to 10 days and
will respond well to nonsteroidal medications.

30. What are the long-term results of EVAR?

The 30 day short-term mortality is drastically decreased
in EVAR patients compared to OR. The hospital stay is
reduced, but the there is no benefit in long term survival. At
2 years the cumulative survival rates were around 90% in
both groups [10]. The EVAR-1 study enrolled more than
1000 patients with the primary endpoint of all-cause

mortality in patients older than 60 years of age and AAA
larger than 5.5 cm. The results showed significantly
improved 30 day mortality of 1.7% versus 4.7% in the OR
group. However, -secondary interventions in the initial
30 days were more in the EVAR group. No significant dif-
ference in the endpoint of the study was found but
aneurysm-related mortality was lower in the EVAR
group. However, rates of all other complications and rein-
terventions were lower in the OR group compared to EVAR.

Another trial, EVAR-2 compared the all-cause mor-
tality in EVAR patients versus medically managed
patients unfit for surgery with the same selection
requirement as the EVAR-1. Operative mortality in the
EVAR group in this study was higher than the EVAR-1.
The overall mortality in this group was 64% without
difference in the EVAR or medical managed groups.
However, additional monitoring and interventions in the
EVAR group ware associated with significant cost [11].
EVARs should be monitored lifelong and usually occurs
with yearly CT angiography and radiographic films.
Currently a sac pressure monitoring device can be inserted
during the initial surgery for remote pressure monitoring.
The device consists of a piezoelectric membrane which
charges a capacitor (Remon device). The membrane is
activated with ultrasound waves. Once charged the device
can measure ambient pressures and transmit them via
ultrasound to the probe. Studies with the device have
shown that patients who have evidence by CT angiogram
of decreased sac size, also exhibit decreased sac pressures.
Another device with radiofrequency transmission is the
EndoSure. Pressure measured by it correlated well with
the catheter measured pressure in the sac [12].
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31Morbid Obesity

John Stenglein

CASE
A 43-year-old woman is sent for preoperative evaluation
prior to laparoscopic gastric banding. She stands 5 ft 5 in.
tall and weighs 440 lbs. BMI = 73
She does not exercise due to longstanding pain in her knees,
“I’m bone on bone,” she exclaims. She does report wors-
ening SOB with her regular activities.

Medications Lisinopril 20 mg oral daily

Simvastatin 20 mg oral daily

Metformin 500 mg BID

Orlistat 120 mg, prior to meals.

Allergies NKA

Past Medical History

She has a history of hypertension, hypercholesterolemia, diabetes
mellitus, and OSA. She states that her nightly CPAP is set to 12 cm
H2O. She lost 100 lb while taking Fen–Phen about 20 years ago, but
gained it back.

Physical Exam

VS: 154/75, 105 Pulse, 22 RR, 94% O2 Sat. on room air.

Hyperpigmentation is noted on the skin folds of her posterior neck.

EKG:

NSR with RVH

Abnormal Labs

HCT 51%

Polysomnogram

AHI = 32

1. How is obesity defined? What is the incidence of obesity
and morbid obesity?

Obesity refers to an abnormally high percentage of body
fat. The degree of obesity is generally estimated by the Body
Mass index (BMI). More than 1/3 of US adults are consid-
ered obese, with a BMI � 30 [1].

Approximately 4% of US adults are categorized as mor-
bidly obese with a BMI � 40 [2].

2. How is BMI calculated? What are the adult
classifications?

BMI = weight (kg)/Height (m2)

<18.5 Underweight

18.5–24.9 Normal

25.0–29.9 Overweight

30.0–34.9 Obesity (class 1)

35.0–39.9 Obesity (class 2)

� 40 Morbid obesity (class 3)

� 50 Super morbid obesity

3. What are the limitations of BMI? Why is it utilized?

The calculated BMI does not take into account the nature
of the patient’s frame or degree of muscularity. Therefore,
the calculation generally overestimates obesity in patients
with more lean body mass and underestimates it in those
with less lean body mass.

While BMI-defined obesity showed high specificity (95%
for men and 99% for women), it demonstrated poor sensi-
tivity (36% for men and 49% for women) [3].

The utility of BMI is its convenience as a screening tool,
not for diagnosis. It is strictly a height and weight-based
calculation, and as such does not require calipers, submer-
sion tubs, radiation-based scans, or impedance
measurements.
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4. What are the different physiologic types of fat
distribution?

Obesity can be described as peripheral or central. Central
or android obesity is generally associated with increased
oxygen consumption and higher rates of heart disease.
Higher levels of proinflammatory cytokines, also seen in
central obesity, are thought to contribute to increased levels
of insulin resistance [4]. Gynecoid or peripheral obesity
relates to patients with adipose tissue primarily deposited in
the hips, buttocks, and thighs. It has been shown to be less
metabolically active and not as strongly associated with
cardiovascular disease.

5. What is metabolic syndrome? What is the incidence?
What are the clinical implications?

Metabolic syndrome is a constellation of conditions
associated with higher rates of heart disease and diabetes. It
applies to individuals in whom at least three out of the fol-
lowing five diagnoses have been made: central obesity,
hypertension, hypertriglyceridemia, low HDL, and elevated
fasting glucose [5].

The incidence of metabolic syndrome in the US is
approximately 40% by age 60 [6]. Patients at risk for
metabolic syndrome should be screened appropriately for the
comorbid conditions associated with the diagnosis, as this
may impact anesthetic management and risk stratification.

6. When is bariatric surgery recommended?

Bariatric surgery is generally reserved for patients with a
BMI of at least 40 kg/m2. However, an individual with a
BMI above 30 kg/m2 may also be a candidate if any asso-
ciated conditions are expected to improve with significant
weight loss. Prior to surgery, patients are routinely involved
in a multidisciplinary evaluation to select individuals in
whom the likelihood of success justifies the risks of the
procedure.

7. What other diseases are commonly associated with
obesity?

Obesity may be related to hypothyroidism, Cushing
syndrome, insulinoma, hypogonadism, and hypothalamic
disorders, to name a few. Related syndromes may also
include Prader–Willi, leptin-deficiency, and Bardet–Biedl.
Prior to surgery, a workup should exclude many of the
various medical causes that may render a patient prone to
excessive weight gain.

8. What diseases commonly result from obesity?

Obesity increases the risk of CAD, CVA, HTN, and
NIDDM. It is also associated with liver disease, gallbladder
disease, OSA, polycythemia, osteoarthritis, and infertility. It
may also raise the risks of developing endometrial, breast
and colon cancers as well as being an independent risk factor
for DVT [7].

9. What are some of the major physiologic changes com-
monly associated with obesity classified by organ
system?

Pulmonary

Pulmonary volume, etc. Abbreviation Effect

Functional residual
capacity

FRC #

Vital capacity VC # (50% in Obese vs.
20% in “controls”
under GA)

Inspiratory capacity IC #
Expiratory reserve
volume

ERV #

Total lung capacity TLC #
Residual volume RV No D

Closing capacity CC No D (FRC may lower
volumes below CC)

Dead space No D

Respiratory muscle
efficiency

#

Chest wall compliance #

Decreased respiratory muscle efficiency
Decreased chest wall compliance

Cardiovascular
Increased metabolic demands (CO up 20–30 cc/kg of
excess fat)
Increased blood volume (polycythemia secondary to
chronic Hypoxia)
Increased stroke volume (Ventricular dilation—eccentric
LVH, decreased compliance L/min/kg of adipose tissue)
GI
Increased gastric volume (more strongly associated with
binge eating, rather than obesity).
Increased abdominal pressure.
Increased incidence of GERD and hiatal hernia.
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Endocrine
High sympathetic tone may predispose to insulin resistance
Higher glucose levels may predispose to wound infections.
High RAAS levels may impair natriuresis and increase BP
(renin–angiotensin–aldosterone system)
Hematology
Increased levels of clotting factors may predispose to DVT.

10. What is Roux-en-Y gastric bypass? How much weight
loss is commonly expected with the procedure?

This procedure involves the creation of an anastomosis of
the proximal gastric pouch to a segment of the proximal
jejunum, bypassing most of the stomach and the duodenum.
Patients lose an average of 50–60% of excess body weight
within 1–2 years.

11. What other surgical procedures are available to facilitate
weight loss?

Procedures can be classified as either restrictive, malab-
sorptive, or both. The simplest restrictive procedure entails
the laparoscopic placement of an inflatable gastric band
around the upper portion of stomach. This serves to create a
small pouch, which fills quickly upon eating to promote a
feeling of fullness. This lower risk surgery offers the benefits
of being reversible and having less chance of malabsorption.

A sleeve gastrectomy is also performed laparoscopically
and promotes weight loss through the removal of approxi-
mately 80% of the stomach. This reduces the amount of food
that can be consumed (restrictive) and may also decrease both
absorptive and endocrinologic functions of the stomach.

Obstructive Sleep Apnea (OSA)

1. What is OSA? Why is it important to determine if a
patient is at risk for OSA?

Obstructive sleep apnea (OSA) is defined as the cessation
of airflow during sleep, for at least 10 s, despite continuing
ventilatory effort. To diagnose OSA, these events must occur
five or more times per hour and result in a decreased SpO2 of
at least 4%.

In addition to the physiologic consequences of chronic
hypoxemia and hypercarbia, patientswithOSAare at higher risk
for postoperative respiratory complications. This may poten-
tially alter the anesthetic plan and postoperative disposition [8].

2. When should you suspect occult OSA?

OSA is generally associated with central obesity,
increased neck circumference, and/or micrognathia. It should
also be considered in the differential diagnosis for patients

presenting with RVH, LVH, polycythemia, or pulmonary
hypertension. Although obesity is the biggest risk factor for
OSA, it is possible to have one without the other. Only about
70% of patients with OSA are obese, so screening should not
be limited solely to overweight patients.

3. What is the incidence of OSA?

It has been estimated that 4% of men and 2% of women
have symptoms consistent with OSA. Furthermore, 82% of
these men and 92% of these women, with moderate or
severe sleep apnea, have not been diagnosed [9].

4. How should you screen for suspected OSA? What is the
STOP-BANG questionnaire?

The STOP questionnaire, first published in Anesthesiol-
ogy in 2008, was validated in surgical patients at preoper-
ative clinics as a screening tool for OSA. Later, the inclusion
of the four additional questions increased the sensitivity to
predict moderate and severe sleep-disordered breathing, as
compared to the original questionnaire.

The STOP-BANG questions are answered “yes” or “no.”

1. Snoring—Do you snore loudly (louder than talking or
loud enough to be heard through closed doors)?

2. Tired—Do you often feel tired, fatigued, or sleepy during
the daytime?

3. Observed—Has anyone observed you stop breathing
during your sleep?

4. Blood pressure—Do you have or are you being treated
for high blood pressure?

5. BMI—Is your BMI greater than 35 kg/m2

6. Age—Are you over 50 years old?
7. Neck circumference—For males, is your shirt collar

17 in./43 cm or larger?

For females, is your shirt collar 16 in./41 cm or larger?

8. Gender—Are you male?

High risk of OSA: answering yes to three or more items
Low risk of OSA: answering yes to less than three items

The sensitivities of the STOP-BANG screening tool for
an AHI (apnea hypopnea index) of >5, >15, and >30 were
86.1, 92.8, and 95.6%, respectively, with negative predictive
values of 84.5 and 93.4% for moderate and severe OSA [10].

5. How is OSA diagnosed? What are the gradations?

OSA is diagnosed with a polysomnogram or “sleep
study.” This test detects and records the EEG, EKG,
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electrooculogram, pulse oximetry, capnography, airflow,
esophageal pressure, blood pressure, pharyngeal and
extremity electromyography, and room noise.

It is designed to detect episodes of both apnea and
hypopnea. Apnea is defined as airflow cessation lasting at
least 10 s, while hypopnea is a 50% reduction in flow for a
similar period. Either must be sufficient to cause a 4% drop
in oxygenation in order to be considered an “event.”

The severity of sleep apnea, reported as the apnea–hy-
popnea index, is based on the number of “events” per hour of
sleep.

5–15 events = mild
16–30 events = moderate.
� 30 events = severe

The consensus is that moderate or severe disease should
be treated with CPAP [11].

6. What is the significance of an AHI (apnea hypopnea
index) score of 32 in this patient?

An AHA score 32 suggests severe OSA, which may have
implications for premedication, choice of analgesics, as well
as postoperative disposition and monitoring.

7. What are the different types of sleep apnea?

Sleep apnea can be categorized as central, obstructive, or
mixed. Central sleep apnea refers to a lack of respiratory
effort in the presence of signals normally sufficient to trigger
inhalation. Chemoreceptor detection of rising carbon dioxide
and decreasing pH or oxygen levels fail to initiate a breath at
the normal physiologic thresholds. In OSA, the respiratory
drive is still intact, although airflow is compromised by the
interference of dynamic anatomical obstruction.

8. What are the systemic effects of OSA?

Prolonged OSA may increase the reliance on hypoxia to
drive ventilation, rather than initially being stimulated by
increasing levels of CO2. The sensitivity to both triggers may
actually be blunted, resulting in chronic hypoxemia and hyper-
carbia.Unlike themore obvious complaint of hypersomnolence,
the silent effects of chronic hypoxemia may result in high
sympathetic tone, contributing to systemic and pulmonary
hypertension, secondary polycythemia (HCT 51%); right-sided
heart failure, left-sided heart failure, and premature death.

9. What is the pathophysiology behind cor pulmonale?

Diffuse hypoxic pulmonary vasoconstriction may lead to
a generalized increase in pulmonary vascular resistance
(PVR) during the low oxygen states associated with

obstructive sleep apnea. High sympathetic tone, triggered by
the hypoxemia and hypercarbia associated with apnea, will
add to the already increasing vascular resistance. Further-
more, extreme thoracic pressures generated from breathing
against an obstruction, may lead to irreversible pulmonary
arteriolar remodeling. To a certain point, the right heart will
compensate for the afterload increase in the pulmonary
arterial circulation. However, with continued progression,
right heart failure may eventually ensue.

10. What is Pickwickian Syndrome?
(Obesity-Hypoventilation Syndrome)

In 1837, Charles Dickens published his first novel, The
Posthumous Papers of the Pickwick Club. Joe, one of the
characters in the novel, was described as a relentless eater
who suffered from excessive daytime somnolence. In the
1950s, this character description of Joe was linked to a
growing appreciation for sleep-disordered breathing, coining
the term “Pickwickian Syndrome.” Today,
obesity-hypoventilation syndrome is considered a type of
sleep-disordered breathing, which is an umbrella term for the
many sleep-related breathing disorders.

Obesity-hypoventilation syndrome is diagnosed in indi-
viduals with a BMI > 30 kg/m2, an awake arterial carbon
dioxide � 45 mmHg, and no alternative explanation for
hypoventilation. Most patients with this diagnosis have
concurrent OSA.

11. Would you consider ambulatory surgery in a morbidly
obese individual? What role would OSA play in your
decision?

Although obesity alone does not necessarily influence
perioperative complications or unplanned admission, the
associated comorbidities, including OSA, may place a
patient at higher risk for ambulatory surgery. It is generally
accepted that patients with BMI > 40 kg/m2, and optimized
comorbid conditions, can still safely undergo ambulatory
surgery. However, a BMI > 50 kg/m2 may be less suitable,
regardless of other conditions [12].

A review of the published literature demonstrated that
inadequately treated OSA patients carry higher risk for
complications following ambulatory surgery. If optimized,
patients may still be considered if they are able to use a
positive airway pressure (PAP) device after the procedure.
Those who are unable or unwilling to use a PAP device
after discharge should be carefully considered for surgery
with postoperative monitoring. A presumed diagnosis of
OSA, based on screening tools such as the STOP-BANG
questionnaire, may restrict ambulatory care to procedures
and individuals in whom postoperative pain relief can be
provided predominantly with non-opioid-based analgesics
[13].
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Preoperative considerations

1. Would you order additional tests for this patient?

Given the patient’s history of metabolic syndrome,
inability to exercise, worsening shortness of breath, and
previous exposure to Fen–Phen, a chemical stress echo
would be reasonable to obtain, if no recent similar study had
been performed. Angina or dyspnea on exertion (DOE) may
not be apparent in obese populations secondary to limited
mobility.

According to the 2014 AHA-ACC Guidelines for
non-cardiac surgery, it would be reasonable for patients with
“dyspnea of unknown origin” to undergo preoperative
evaluation of LV function. Also, “for patients with elevated
risk and poor (<4 METS) or unknown functional capacity, it
may be reasonable to perform exercise testing with cardiac
imaging to assess for myocardial ischemia if it will change
management.”

Echocardiographic evidence of right heart dysfunction or
pulmonary hypertension may favor more invasive intraop-
erative monitoring. More informed risk stratification may
also help guide the preoperative conversation about the risks
and benefits of surgery.

2. Does the patient’s CPAP setting (12 cmH2O) cause any
concern? What might provide some reassurance for
induction?

A CPAP setting of >10 cmH2O, may imply difficult mask
ventilation, as significant pressure is required to maintain
airway patency [14]. Review of previous surgical and anes-
thetic records, in the context of patient’s weight at the time,
would be the most reliable predictor of difficulty at induction.
In similar circumstances, this may allow one to proceed with
the presumption that an individual is able to be mask venti-
lated or safely intubated, based on past experience.

In the absence of this assurance, neck circumference has
been shown to be the single biggest predictor of problematic
intubation in obese individuals. At 40 cm, only about 5% of
patients will present with difficulty, while at 60 cm, the
incidence approaches 35% [15].

3. Would you give any preoperative sedation?

Obese patients have increased sensitivity to central ner-
vous system depressants. They may be more susceptible to
decreased tone in the posterior airway, as redundant adipose
tissue in the pharynx may collapse with sedation. This may
complicate both preoxygenation before, and mask ventila-
tion after, induction. Unless this particular patient was

exceedingly anxious, the risks of using an anxiolytic may
favor avoiding any preoperative sedation.

4. Would you premedicate with an H-2 antagonist, a
prokinetic agent, and/or a nonparticulate antacid prior to
induction?

After routine fasting and in the absence of other gas-
troenterological pathology, obese, non-diabetic surgical
patient, are not more predisposed to high-volume, low-pH
gastric contents than their lean counterparts [16].

However, it is generally accepted that the risks of an
aspiration event may be increased by the presence of a hiatal
hernia and/or GERD, which are both more common in obese
individuals [17]. An increase greater than 3.5 kg/m2 in BMI
is associated with a 2.7-fold increase in risk for developing
new reflux symptoms [18]. Also, intragastric pressure may
be higher in patients with abdominal obesity, predisposing to
hiatal herniation and/or reflux symptoms, relating to an
increased incidence of transient lower esophageal sphincter
relaxation [19].

The anesthesiologist should consider steps to minimize
the risks of an aspiration event, particularly if an unfavorable
airway exam is a contraindication to an RSI. Premedication
may lessen the risks of an awake intubation.

5. What are your preoperative concerns in a patient who has
previously undergone some type of weight loss
procedure?

Any alteration of the normal anatomy may negatively
impact gastric transit time, resulting in prolonged retention
of stomach contents. Second, patients who have had sur-
gical alteration of their stomach or intestines are at
heightened risk of malabsorption. Vitamin deficiencies or
generalized malnutrition may reduce resilience to the sur-
gical and physiological insults associated with subsequent
procedures.

Change in the position or function of the gastroe-
sophageal junction or pylorus, may reduce the propersity of
the normal anatomy to prevent reflux of digestive contents
into either the stomach or esophagus.

6. Would you insert an elective nasogastric tube in a
vomiting, pre-op patient prior to an emergent laparo-
scopy, 6 weeks after having undergone a gastric bypass?

Insertion of naso- or orogastric tubes may put a fresh,
anastomotic suture line at risk for perforation. Such action
should only be undertaken after thorough consideration of
the risks and benefits and conversation with the surgeon.
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Intraoperative Considerations

1. Why is preoxygenation so vital in obese patients? How
can you increase the effectiveness of apneic
deoxygenation?

Oxygen consumption increases with enlarged body mass,
and this will result in a shorter time to apneic deoxygenation.
Rather than several maximum vital capacity breaths, it has
been shown that breathing pure oxygen for at least 3 min,
with a good seal, will lengthen the period before the patient
begins to desaturate [20]. Preoxygenation in a head-up
position (25°) has also been shown to prolong this period
[21]. Lastly, the use of CPAP 10 cm H2O during preoxy-
genation will minimize atelectasis and ensure maximal
preinduction oxygen loading [22].

2. What airway challenges may be associated with morbid
obesity?

The initial airway assessment may be complicated by the
obscuration of landmarks by excessive adiposity. It may be
difficult to accurately assess thyromental distance, hyomen-
tal distance, and sternomental distance, due to an inability to
palpate the structures themselves. Moreover, the chin may be
in close proximity to chest, potentially restricting mouth
opening. Additionally, the laryngoscope handle may contact
the chest and make blade insertion difficult.

Once the blade is inserted, the deposition of adipose in the
visible structures may decrease the pharyngeal area, change the
shape of the airway, and add difficulty to both ventilation and
intubation. An inverse relationship generally exists between the
degree of obesity and the pharyngeal area. Furthermore, adi-
pose tissue may impact the position of the hyoid bone, causing
the epiglottis to override the entrance to the glottis.

The detection of breath sounds may also present a chal-
lenge, increasing reliance on end-tidal carbon dioxide to
ensure ventilation. The only means of truly ensuring tube
placement above the carina may be bronchoscopy. These
same factors complicating induction will also impact the
risks and approach to both emergence and extubation.

3. Describe the characteristics and utility of successful
“ramp” positioning.

The purpose of ramping is to horizontally align the
patient’s external auditory meatus with the sternal notch.
Ideally, this will also align the oral, pharyngeal, and laryn-
geal axis to favor visualization of the glottic opening and
passage of an endotracheal tube, similar to the “sniffing
position” in non-obese patients.

4. How are you going to induce anesthesia? Is there an
indication for awake intubation?

Due to the patient’s habitus, she is unlikely to tolerate
apnea for very long. Based on her degree of obesity and high
CPAP requirement, she is also more likely to be a difficult
mask. Her potential for increased gastric pressure, due to
overlying tissue, would also favor rapid intubation and
securement of her airway through either a rapid sequence or
a modified rapid sequence induction.

However, a non-reassuring airway exam should be pri-
oritized over a heightened risk of aspiration or increased
oxygen demand. If the loss of the airway is a legitimate
concern, an awake intubating technique would be favored.
Steps can then be taken to minimize the potential conse-
quences of an aspiration.

5. What is your plan for analgesia?

Multimodal analgesia is likely to reduce postoperative
hypoventilation, as compared to a purely opioid-based
technique. Drugs and classes to consider would include
NSAIDS, alpha-2 agonists, and NMDA antagonists, such as
ketamine. Although potentially more challenging in obese
patients, regional anesthesia may result in a lower incidence
of respiratory depression for amenable procedures, by pro-
viding targeted analgesia.

6. What are your concerns surrounding patient positioning?

When caring for morbidly obese individuals, one must
be aware of the increased pressure on contact points—
from stirrups, the lateral position, or on any dependent
structure. With this in mind, an effort should be made to
minimize the duration of procedures and also to frequently
examine and/or reposition anything deemed to be at risk
for injury.

As an extreme example, there are case reports of post-
operative rhabdomyolysis in obese individuals, resulting
from operative pressure on gluteal muscles. This has been
known to cause renal failure and death [23, 24]. Aside from
focal contact points, the Trendelenburg position may worsen
already diminished thoracic compliance. The anesthesiolo-
gist may be forced to set limits on position based on the
patient’s physiologic tolerance.

It is necessary to consider the weight limit for most
operating room tables is dependent upon the position of the
bed itself. The maximum allowable weight when reversed or
articulated may be significantly less than the cited value for
the supine position in “normal” orientation.
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7. Would you have any reservations about doing a prone
procedure on a morbidly obese patient?

Although prone positioning is not contraindicated in
morbidly obese (MO) patients, it should be approached with
caution. Studies have shown a significant decrease in stroke
volume with repositioning, which may be related to
increasing intrathoracic pressure. Increased compression of
abdominal contents may directly impact the IVC and simi-
larly decrease venous return. In contrast, SVR and PVR
generally increase, which should be anticipated and con-
sidered in the context of the patient’s cardiac function.

Morbid obesity is associated with an increase in hyper-
tension, diabetes, vascular disease; all of which have been
linked to a higher incidence of postoperative visual loss with
prone procedures.

It may be beneficial to allow a patient to assess his or her
own position prior to induction. Awake intubation followed
by awake prone positioning has been advocated as a tech-
nique to allow morbidly obese patients to position them-
selves in such a manner to minimize ocular pressure and
other contact points, while assessing for any cardiopul-
monary compromise before going to sleep [25]. Efforts to
minimize direct pressure on the abdomen may minimize the
physiologic insult of the prone position.

Intraoperative airway or cardiovascular emergency may
require immediate supination of the patient. Emergent
“flipping” of larger patients poses increased risks to both
patient and staff, particularly since waiting for additional
help may worsen outcome.

8. What other challenges should be anticipated when caring
for MO patients?

Obtaining both initial and adequate vascular access may
present a formidable challenge. Use of ultrasound, either
peripherally or centrally, should be considered early to
facilitate adequate venous access for a safe anesthetic in the
context of the procedure and patient history.

The presence of conical-shaped arms may complicate
hemodynamic monitoring. The alternative placement of the
noninvasive cuff on the forearm or placing an arterial
catheter (via ultrasound) may be required to ensure appro-
priate intraoperative monitoring. It should be noted that
forearm cuff measurements generally overestimate true sys-
tolic and diastolic values.

9. What EKG changes have been associated with obesity?

Restricted diaphragmatic expansion, due to increased
abdominal fat, may lead to leftward shift in P-wave, QRS,

and T-wave axes [26]. Similarly, adipose deposits in the
chest wall may diminish QRS voltage. LVH and T-wave
flattening are also seen with increasing frequency in this
population.

Pharmacology

1. What is Fen–Phen? What are your concerns? How does
the pharmacological mechanism of Orlistat differ?

Fen–Phen (fenfluramine–phentermine) was a weight loss
medication whose peak popularity occurred in the 1990s. It
was found to increase metabolism and decrease appetite.
Fenfluramine was an SSRI, while phentermine functioned as
both an SNRI and a dopamine releasing agent. Due to the
increased incidence of valvular heart disease and pulmonary
hypertension in consumers, it was taken off the market in
1997. The manufacturer has since paid out billions of dollars
in settlements.

Given the patient’s history, it would be reasonable to
recommend a preoperative cardiac echocardiogram to assess
valvular function, pulmonary arterial pressure, and function
of the right heart, based on this exposure.

Orlistat, a FDA-approved lipase inhibitor, interferes with
the breakdown of ingested triglycerides. Instead of being
absorbed, undigested fats are excreted in the feces.

2. How will the patient’s obesity affect your choice of
medications?

Lipid-soluble drugs will have a higher volume of distri-
bution in obese patients. This will decrease peak concen-
trations, diminish the amount of drug available at the target
receptor, and prolong the elimination half-life. Water-soluble
drugs have a more limited volume of distribution and should
generally be based on ideal body weight, rather than the total
weight of the patient.

3. What is ideal body weight (IBW)? How is it calculated?

IBW is statistically based on actuarial tables to be asso-
ciated with the lowest mortality for a specific height and
gender. It is often utilized in the insurance industry. Broca’s
index is one of several mathematical equations used to
estimate ideal body weight. That value is often used to
predict pharmacokinetics for obese patients.

IBW (kg) = height (cm) − x
X = 100 for adult males
X = 105 for adult females.
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4. What common anesthetic medications are dosed on ideal
body weight (IBW) versus total body weight (TBW)?

Lipophilic drugs are generally dosed on TBW, as they
will have an increased volume of distribution, as compared
to lipophobic compounds. Common examples of lipophilic
drugs include propofol, midazolam, fentanyl, sufentanil,
dexmedetomidine, and succinylcholine.

Although propofol is highly lipophilic, it is recommended
that induction be based on lean body mass (LBM), while
infusions be calculated based on TBW, as the volume of
distribution is somewhat time-dependent. LBM is usually
approximated as 120% of IBW. Similarly, the rapid meta-
bolism of remifentanil, by plasma esterases, favors dosing
based on IBW, despite being highly lipophilic.

Lipophobic drugs are generally dosed by IBW. This list
includes alfentanil, ketamine, vecuronium, rocuronium, and
morphine.

It is generally recommended that maximum local anes-
thetic doses for infiltration be based upon ideal body weight.
However, in the context of obesity, local anesthetic doses
may actually be reduced by 25% for spinals and epidurals, as
engorged epidural veins and fat may impinge on the volume
of the epidural space and result in higher than anticipated
levels.

5. Which inhaled anesthetics may be better suited for MO
patients?

The low blood–gas solubility coefficient of desflurane
makes it a popular choice for the maintenance of anesthesia
in the obese population. Lower solubility minimizes the
accumulation of desflurane in adipose tissues and favors
faster recovery. However, due to the pungent nature of the
gas, it may not be appropriate for all patients.

Nitrous oxide also has low blood–gas solubility coeffi-
cient. However, due to the potential concern for intestinal
inflation or a time-dependent risk of postoperative nausea
and vomiting, it may be best reserved for emergence, facil-
itating an early decrease in the concentration of the volatile
agent.

Postoperative Management

1. What is the benefit to recovery in the semi-fowler’s
position?

The semi-Fowler’s position refers to a supine patient with
the head of bed raised to an angle between 30 and 45°. It has
been shown to increase the FRC, pulmonary compliance,
and oxygenation in postoperative patients by displacing or
unloading the intraabdominal contents from the diaphragm.

2. How should postoperative pain be controlled?

Although multimodal analgesia should be continued in
the postoperative period, patient-controlled analgesia
(PCA) has been shown to be safe for morbidly obese patients
following gastric bypass surgery, with appropriate monitor-
ing and the avoidance of a basal rate infusion [27].
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32Laparoscopy

Carmelita W. Pisano

Case:

A 68-year-old female presents with a long-standing history
of menorrhagia and is scheduled to undergo a laparoscopic
total hysterectomy

Past Medical History:

Cardiac: Hypertension

Pulmonary: Obstructive Sleep apnea (OSA)

Chronic Obstructive Pulmonary

Disease, Stage II

GI: Gastroespohageal Reflux Disease

(GERD)

Endocrine: Diabetes Mellitus Type II (DMII)

Medications: Atenolol 25 mg orally twice daily

Hydrochlorothiazide 25 mg orally daily

Lisinopril 40 mg orally daily

Nexium 40 mg orally daily

Spiriva 2 puffs twice daily

Albuterol 2 puffs prn

Allergies: NKDA

Social Hx: Ex smoker: 30 pack-years; quit 5 years ago

Physical Exam:

Vital Signs: BP: 125/75 HR: 51

SaO2: 97% on Room Air

Weight: 305 lbs Height: 68 in. BMI: 46.4

Lungs: Clear to auscultation bilaterally

METS: 4–5

(continued)

Labs: Chemistry: 140| 102|18/ 150 Why hyponatremic,
and bicarb a touch low?

4.2| 24 | 0.9\ These abnl labs may make people
‘overthink’.

CBC: 8\7.9/250

/28\

ECG: NSR @ 58 bpm

PFTs: FEV1: 60%

FEV1/FVC: 0.6

1. Define laparoscopy.
Laparoscopy is defined as a minimally invasive proce-
dure where a laparoscope is used to enter the peritoneum.
Once the peritoneal cavity is entered, insufflating gas
creates a pneumoperitoneum. Laparoscopy may be used
to examine abdominal or pelvic (pelviscopy) organs,
diagnose conditions, and/or perform surgery [1].

2. Name some surgical procedures currently performed
laparoscopically.
Laparoscopic procedures can be performed on all
abdominal organs and includes gastrectomy, anti-reflux
and bariatric procedures, cholecystectomy, hepatic and
pancreatic resections, bowel and rectal surgery,
adrenalectomy, and splenectomy [2]. Urological proce-
dures performed laparoscopically include prostatectomy
and nephrectomy. Laparoscopic gynecological surgeries
include hysterectomy, ovarian, and tubal procedures [3].

3. What are the advantages of laparoscopic surgery? Which
specific patient populations benefit most from laparo-
scopic procedures?
Advantages of laparoscopic surgery are several-fold.
Recovery time is shortened. This is mostly due to mini-
mal bowel manipulation during laparoscopy, reducing
the incidence of postoperative ileus. Because of the
smaller incisions associated with laparoscopic
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procedures, resultant scars are more cosmetic and there is
less postoperative pain [4]. Decreased intraoperative
blood loss and less frequent surgical wound infections
are also seen [5]. For particular patient populations, i.e.,
morbidly obese patients and patients with significant
cardiopulmonary comorbidities, the benefits of a mini-
mally invasive procedure are truly apparent with respect
to less postoperative pulmonary complications.

4. What are the disadvantages of laparoscopic surgery?
In addition to the steep learning curve for surgeons
learning laparoscopic techniques, other disadvantages of
laparoscopic surgery include poor depth perception and
loss of dexterity due to limited range of motion using
laparoscopic instruments [6].

5. What are some absolute and relative contraindications to
laparoscopic surgery?
Most contraindications to laparoscopic surgery are rela-
tive and these risks must be compared to the benefits of a
less invasive procedure. Relative contraindications
include patients with pre-existing increased intracranial
pressure (and/or space occupying lesion), severe hypov-
olemia and known right-to-left intracardiac shunts, for
example, a patent foramen ovale [7].

6. What are optimal surgical conditions for laparoscopic
surgery?
Optimal surgical conditions include gastrointestinal
decompression via a bowel prep and or naso/orogastric
tube placement. This permits easier and safer formation
of the pneumoperitoneum for surgical exposure
decreasing the chance of injury to organs when the
instruments are inserted. Neuromuscular blockade
relaxes abdominal wall muscles facilitating formation of
the pneumoperitoneum [1, 8].

7. What is the gas of choice used to create the pneu-
moperitoneum during laparoscopy and why?
The gas of choice used to create the pneumoperitoneum
is carbon dioxide (CO2). This is due to its easy accessi-
bility, low cost, and fairly inert and non-combustible
properties. Carbon dioxide (CO2) is highly soluble and
rapidly buffered in blood and eliminated by the lungs [9].

8. What are the disadvantages to using carbon dioxide
(CO2)?
A disadvantage to using CO2 as an exogenous gas for
insufflation is that it is irritating to the peritoneum. Use of
carbon dioxide may also lead to hypercarbia and respi-
ratory acidosis and also cause metabolic, hormonal, and
immunological adverse effects [10]. Although the inci-
dence is low due to the high solubility of CO2 in blood,
the formation of a gas (CO2) embolism could be
catastrophic.

Preoperative concerns:

1. What concerns do you have about this patient’s history
and physical with regards to laparoscopic surgery?
Her baseline pulmonary history (COPD) and obstructive
sleep apnea (OSA) can predispose her to postoperative
pulmonary complications. Morbid obesity may make the
procedure more technically challenging for the surgeon
to perform, and other obstacles, such as difficult airway,
difficulty with ventilation in head-down position and
positioning injuries may materialize. This patient is also
anemic, which is likely due to her presenting symptom of
menorrhagia, and may lead to a lower threshold for blood
transfusion.

2. How does this patient’s medical history predispose her to
postoperative pulmonary complications? What are the
GOLD criteria? How are they best used?
This patient has Stage II COPD. The GOLD criteria are
used to classify patients with COPD based on the severity
of their degree of obstruction (Table 1). The degree of
obstruction is determined by pulmonary function tests,
specifically FEV1 and FEV1/FVC [11]:

In order to better predict who may develop postoperative
pulmonary complications, the GOLD criteria must be used
in conjunction with other factors such as level of activity,
smoking history, etc. The hypercarbia that develops during
laparoscopy due to the use of CO2 could be difficult to
manage in patients with moderate to severe COPD resulting
in hypercarbic respiratory failure postoperatively. Based on
this patient’s age, history of moderate COPD and OSA, and
surgical site, she would be expected to have an increase in
postoperative pulmonary complications, such as hypox-
emia, atelectasis, hypercapnia, pneumonia, and ventilatory
failure [12]:

• Age: The risk of postoperative pulmonary complications
increases as a patient ages (>65) regardless of their
baseline pulmonary status.

• COPD: See above table. Patients with mild COPD along
with other significant comorbidities, and patients with
moderate to severe COPD have a significant increased
risk of postoperative pulmonary complications. Consid-
ering the patient’s overall medical condition at the time
of surgery, the relative risk of pulmonary complications
is 2.7–4.7 [13].

• OSA: Though not currently routinely screened preoper-
atively in all patients, new data suggests an association
between OSA and postoperative pulmonary complica-
tions [12].
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• Surgical site: For incisions closer to the diaphragm, the
risk of postoperative pulmonary complications increases.

Intraoperative concerns:

1. What are the three main causes of the physiological
changes seen with laparoscopic surgery?
Whether separate or in combination, the occurrence of
the following are the main causes of the physiological
changes seen during laparoscopic surgery:
(a) Pneumoperitoneum: A pneumoperitoneum is

essential for performing laparoscopic surgery.
Creating, maintaining and dealing with the conse-
quences of increased intra-abdominal pressure can
lead to many problems intraoperatively [14].

(b) Carbon dioxide: Although CO2 for insufflation is the
preferred gas based on its inert and non-combustible
properties, absorption of this gas into the blood
stream can cause pathophysiological effects on
multiple organ systems.

(c) Patient position: Trendelenburg and reverse Tren-
delenburg both have profound effects on a patient’s
hemodynamics.

2. What effect does laparoscopy have on the arterial to
end-tidal CO2 gradient (PaCO2-PETCO2)?
In ASA I & II patients, the reliability of PETCO2 for
monitoring PaCO2 is generally not affected by the use of
CO2 as an insufflation gas during laparoscopy. This may
not be the case for ASA III & IV patients, however. For
these patients, the increase in alveolar dead space and/or
increased ventilation/perfusion mismatch that occurs
with laparoscopic insufflation may increase the normal
alveolar–arterial (A-a) gradient (normally 3–5 mmHg)
where even with a normal PETCO2, the PaCO2 may be
significantly elevated [15].

3. Does this patient need an arterial line? Why or why not?
Based on this patient’s history of Stage II COPD and
OSA and the fact that PETCO2 may not accurately reflect
PaCO2, an arterial line may be beneficial. This will allow
direct monitoring of PaCO2 which will aid in the man-
agement of the hypercarbia which occurs with
laparoscopy.

4. What are the typical causes of hypercarbia seen during
laparoscopic surgery?
The hypercarbia observed during laparoscopy could be a
result of diffusion of CO2 from the peritoneal cavity;
hypoventilation; increase in the production of CO2 (i.e.,
lactate and ketoacids); increased dead space (i.e., pul-
monary embolism, severe COPD) [16].

5. What effect does CO2 absorption have on the cardio-
vascular system?

Hypercarbia has direct and indirect stimulating effects
on the cardiovascular system. When CO2 is absorbed
across the peritoneum, it is normally excreted through
the lungs. This is due to its high solubility and dif-
fusibility. If the patient is hypoventilated or has signif-
icant pulmonary disease where managing ventilation
may be challenging, hypercarbia may occur and could
cause acidosis [17]. Mild hypercarbia can stimulate the
sympathetic system resulting in tachycardia and
increased myocardial contractility. Moderate to severe
hypercarbia causes myocardial depression as well as
direct vasodilatation due to the resultant acidosis [18].
Severe hypercarbia can also cause cardiac arrhythmias
especially in the setting of hypoxia.

6. How does increased intra-abdominal pressure affect the
cardiovascular system?
Normal intra-abdominal pressure is 0–5 mmHg and with
insufflation it increases to 10–15 mmHg. Pressures
exceeding 15 mmHg can cause abdominal compartment
syndrome and compromise organ function. Creation of
the pneumoperitoneum causes an increase in systemic
vascular resistance (SVR) (due to compression of the
abdominal organs and blood vessels) and to a lesser
extent, a decrease in cardiac output (CO), which results
in an overall increase in mean arterial blood pressure
(MAP). The degree of overall increase in MAP is pro-
portional to the increase in intra-abdominal pressure. In
addition to the mechanical compression of the pneu-
moperitoneum, the increase in MAP is also a result of
the release of catecholamines, vasopressin and the acti-
vation of the renin–angiotensin system. With
intra-abdominal pressures exceeding 20 mmHg, a
decrease in heart rate, blood pressure, and cardiac output
may occur due to decreased preload. The observed
decreases in cardiac output are related to decreased
venous return from compression of the inferior vena
cava. In order to minimize these effects, insufflation
should occur slowly and at the lowest pressure to
achieve adequate surgical conditions (<15 mmHg).
Vasodilatory agents, opioids, etc., may be used to treat
increases in SVR, while preloading with intravenous
fluids prior to insufflation may prevent the decreases in
venous return and cardiac output [1].

7. What cardiac arrhythmias can be seen with peritoneal
distention?
Rapid insufflation with high flow rates can result in
cardiac dysrhythmias including severe bradycardia,
nodal rhythms as well as asystole. This is likely due
to the rapid stretch of the peritoneal cavity with
insufflation, which can result in significant vagal
stimulation [19].
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8. How does the Trendelenburg position affect the cardio-
vascular system?
Head-down tilt or Trendelenburg position results in
increased venous return (preload) and cardiac output.
This is easily tolerated in healthy patients, however, in
patients with poor left ventricular function, an increase
in central volume and pressure may be deleterious [20].

10. How does increased intra-abdominal pressure (pneu-
moperitoneum) affect the respiratory system?
The pneumoperitoneum is the primary factor that influ-
ences pulmonary function during laparoscopic surgery.
These influences include elevation of the diaphragm,
increase in intrathoracic pressure and therefore, a
decrease in lung compliance, an increase in airway
pressure, and a reduction in the functional residual
capacity. Most healthy, ASA I and ASA II patients
tolerate these pulmonary changes without issue. How-
ever, in ASA III and ASA IV patients, specifically
patients with pre-existing pulmonary disease, these
effects can have severe consequences [21].

11. What effect does CO2 absorption have on the respiratory
system?
Hypercarbia seen during laparoscopic surgery as a result
of CO2 absorption into the blood can stimulate the res-
piratory center. Carbon dioxide levels above 100–
150 mmHg will result in respiratory depression [21].
During laparoscopic surgery, attention must be paid to
effective ventilation strategies to ensure adequate elim-
ination of carbon dioxide. Hypercarbia can produce
bronchodilation and severe hypercarbia with resulting
acidosis may cause pulmonary vasoconstriction [19].

12. How does the Trendelenburg position affect the respi-
ratory system?
On its own, the Trendelenburg position does not induce
any significant pulmonary changes. However, in the
setting of a pneumoperitoneum, the Trendelenburg
position can exaggSerate the effects of the pneu-
moperitoneum by reducing lung compliance, increasing
the airway pressure and reducing the functional residual
capacity [21].

13. How does the pneumoperitoneum affect the renal sys-
tem?
The pneumoperitoneum affects the renal system through
its mechanical compressive effects. This compressive

effect accounts for about 50% of the decrease in
glomerular filtration rate that is observed during
laparoscopic surgery. Renal plasma flow and urine out-
put are also decreased. These effects may remain despite
adequate hydration; therefore, it is thought that the
oliguria observed during laparoscopic surgery is due
to neurohumoral alterations secondary to hypercarbia, as
well as due to the compressive effects of the pneu-
moperitoneum [22]. With intra-abdominal pressures
below 15 mmHg, the oliguria is reversible [23].

14. How does hypercarbia affect the central nervous system?
Hypercarbia during laparoscopic surgery can have direct
effects on the central nervous system. Cerebral blood
flow varies proportionately with PaCO2. Cerebral blood
flow increases 1–2 mL/100 g/min for each 1 mmHg
increase in PaCO2. Therefore, intracranial pressure may
be increased with CO2 insufflation and resultant hyper-
carbia. Mild hypercarbia directly causes cortical
depression and increases the seizure threshold, however,
increased levels of CO2 directly stimulates the subcor-
tical hypothalamic centers and may result in increased
cortical excitability and seizure activity. At extreme
levels of hypercarbia, general anesthesia is induced due
to cortical and subcortical depression, which is most
likely due to reduced intracellular pH causing intracel-
lular perturbations [14, 24].

15. Should nitrous oxide be used during laparoscopic sur-
gery? Why or why not?
There is controversy on whether or not nitrous oxide
should be used during laparoscopic surgery. The two
main issues are the potential of nitrous oxide to cause
bowel distention and postoperative nausea and vomiting.
The argument for increased bowel distention revolves
around the fact that nitrous oxide is about 30 times more
soluble than nitrogen, which means in a closed
air-containing space (i.e., bowel), nitrous oxide will
enter faster than nitrogen can be eliminated, thereby
increasing the size of the closed air-containing space.
However, studies have shown no significant effect on
surgical conditions when nitrous oxide was used during
laparoscopy. In addition, several studies found no
increase in the incidence of postoperative nausea and
vomiting when nitrous oxide was used during laparo-
scopic surgery [25, 26].

Table 1 The GOLD criteria are
used to classify patients with
COPD

GOLD COPD staging

Stage I Mild COPD FEV1/FVC < 0.70 FEV1 � 80% normal

Stage II Moderate COPD FEV1/FVC < 0.70 FEV1 50–79% normal

Stage III Severe COPD FEV1/FVC < 0.70 FEV1 30–49% normal

Stage IV Very severe COPD FEV1/FVC < 0.70 FEV1 < 30% normal, or < 50% normal
with chronic respiratory failure present
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16. Is local or regional anesthesia a reasonable choice for
laparoscopic surgery? Why or why not?
Although general anesthesia is the anesthetic technique
of choice for laparoscopic surgery, local and regional
anesthetic are optional and feasible techniques. Local
anesthesia involves infiltration of local anesthetics into
the surgical incisions (by surgeon) to minimize surgical
incision pain, however, the abdominal cavity is not
anesthetized, which may result in discomfort for the
awake patient. Intravenous sedative and narcotics may
be given for patient comfort. Regional neuraxial anes-
thesia entails injecting a local anesthetic near the spinal
cord (spinal or epidural). The block would need to reach
the T4 level for laparoscopic surgery [27]. The advan-
tages of local or regional anesthesia for laparoscopic
surgery are the avoidance of general anesthesia and its
associated risks (e.g., airway trauma, sore throat, post-
operative nausea, and vomiting) and need for less opioid
use [28]. Disadvantages of local anesthesia include
increased patient anxiety and pain (specifically shoulder
pain as a result of CO2 insufflation), which may require
administration of sedatives and/or opioids, which may
lead to respiratory depression [28]. Disadvantages of
regional anesthesia used for laparoscopic surgery
include requirement of a high level (T4) block, which
could potentially lead to cardiac depression, bradycardia,
hypotension due to the sympathectomy, and shoulder
pain, among others [29].

17. What are the potential intraoperative complications that
may occur during laparoscopy?
Several potential intraoperative complications may
occur during laparoscopic surgery:
Complications with access into the peritoneal cavity.
Access to the peritoneal cavity can be obtained by
several methods. The closed method involves blindly
passing the Veress needle into the abdominal cavity via
a small incision at the umbilicus [30]. The pneu-
moperitoneum is established once the Veress needle is
verified to be in the correct position. The open method
involves the surgeon making an incision at the umbilicus
through the skin, abdominal fascia and peritoneum
under direct vision, followed by insertion of a Hassan
trocar and establishment of the pneumoperitoneum [30].
Both methods of access could potentially cause com-
plications. The rate of complication associated with the
placement of the Veress needle or a trocar was
approximately 0.3% [30]. These complications include
injuries to major retroperitoneal blood vessels and/or
bowel, solid organ injury, abdominal wall hematoma,
wound infection, avulsion of adhesion, and fascial
dehiscence and herniation [30, 31]. Although major
vascular and bowel injuries with trocar insertion are rare,
studies have shown that use of the open method may

decrease the incidence of these more serious complica-
tions [30].
Complications related to the formation of the pneu-
moperitoneum. Complications related to the creation of
the pneumoperitoneum by insufflating a gas include
subcutaneous emphysema, mediastinal emphysema, and
pneumothorax, which are due to the improper placement
of the Veress needle or trocar [31]. Other complications
related to the insufflation of CO2 include cardiac dys-
rythymias, carbon dioxide retention and respiratory
acidosis, postoperative pain related to retained
intra-abdominal gas and venous CO2 gas embolism [31].
The pneumoperitoneum may also lead to several
hemodynamic changes, including stimulation of the
neurohumoral vasoactive system with resultant release
of catecholamines and increased heart rate, mean arterial
pressure and systemic and pulmonary vascular resistance
and decreases in venous return, preload and cardiac
output [31]. In ASA I and ASA II patients these phys-
iological changes are tolerated well when the
intra-abdominal pressure is kept at or below 15 mmHg.
Other complications. Other complications include those
that could occur as a result of the Trendelenburg posi-
tion, such as venous congestion of the head and neck,
increased intracranial and intraocular pressure, corneal
and conjunctival edema, endobronchial intubation, and
hypoxemia [14].

18. How may a pneumothorax manifest? How would you
detect/diagnose a pneumothorax?
Pneumothorax is a known complication of laparoscopic
abdominal surgeries. It is characterized by the abnormal
collection of air or gas in the pleural space. During
laparoscopic procedures, the CO2 is under pressure in
the abdomen and can track along anatomical paths, such
as the esophageal hiatus, and enter the pleural space and
cause separation between the lung and the chest wall
[32]. Associated risk factors for the development of a
pneumothorax during laparoscopic surgery include sur-
gery times exceeding 200 min, positive end-tidal
CO2 > 50 mmHg, advanced patient age and operator
inexperience [32, 33]. A pneumothorax can be detected
intraoperatively by decreased total lung compliance,
increased airway pressure and increased PaCO2 and
PETCO2. Significant hemodynamic changes, such as
jugular venous distention, hypotension, absent breath
sounds, bulging diaphragm, and expanding subcuta-
neous emphysema may be observed, especially with a
tension pneumothorax [32]. Changes in the electrocar-
diographic (ECG) pattern may be a sensitive marker of a
pneumothorax. Here, the amplitude of the QRS complex
in the anterior precordial leads is reduced [34]. A pneu-
mothorax may also be detected postoperatively with the
patient exhibiting signs of restlessness and respiratory

32 Laparoscopy 251



distress. To confirm both an intraoperative and a post-
operative pneumothorax, a chest radiograph should be
obtained, unless there is suspicion of a tension pneu-
mothorax, where needle decompression may be war-
ranted before obtaining imaging. Also, ultrasonography
has been shown to aid in the diagnosis of a pneumoth-
orax and can also help determine the treatment [35].

19. How is a pneumothorax treated?
A laparoscopic gas-induced pneumothorax usually
resolves spontaneously, as CO2 quickly diffuses out of
the chest. Administering 100% oxygen for both an
intraoperative or postoperative pneumothorax, in addi-
tion to adding PEEP and increasing the minute ventila-
tion intraoperatively is appropriate. Serial X-ray films
and/or arterial blood gases should be obtained to monitor
resolution of the pneumothorax. Insertion of a chest tube
is usually unnecessary with a laparoscopic gas-induced
pneumothorax [32, 35].

20. What could result from an endobronchial intubation?
Endobronchial intubation during laparoscopic surgery
may present as hypoxemia and increased airway pressures
[36]. Several factors during laparoscopic surgery may
contribute to the high risk of endobronchial intubation.
Though patient position (Trendelenburg) may be a factor,
it appears that the pneumoperitoneum from abdominal
insufflation is the main contributing factor to endotracheal
tube migration during laparoscopic surgery [37].

21. What are the differences between air and CO2

(gas) embolism?
A gas (or air) embolism occurs when a blood vessel is
open and a pressure gradient exists that leads to gas
entering the blood vessel. Gas embolism may occur as a
result from injury of blood vessels during the blind
insertion of the Veress needle with insufflation of CO2

directly into the vessel during laparoscopic surgery [14].
Distinguishing a gas embolism from an air embolism is
important since the latter may have catastrophic conse-
quences. The main differences include composition of
the embolism and its solubility in blood and the effect of
using nitrous oxide in its presence [38]. The composition
of an air embolism is 79% nitrogen and 21% oxygen,
where the CO2 (gas) embolism) is 100% CO2 [14, 38].
This is an important distinction when it comes to the size
of the embolism, where one could see cardiovascular
collapse with an air embolism but not with an equally
sized CO2 embolism because of the high solubility of
CO2 in blood. Air embolism occurs when air is entrained
into an open blood vessel, usually above the heart.

22. What are the possible signs of a significant CO2

embolism? How may you diagnose a CO2 embolism?
The clinical presentation of carbon dioxide embolism
ranges from asymptomatic to cardiovascular collapse

and death [39]. The presentation depends on the rate
and volume of CO2 entrapment and the patient’s con-
dition. Due to its high blood solubility, CO2 embolism
usually causes less detrimental effects than those pro-
duced by air. The bronchoconstriction or changes in
pulmonary compliance that are caused by air embolism
are not usually seen with CO2 embolism [39]. At its
worst, carbon dioxide embolism may present as a “gas
lock” effect, which can cause right and left heart failure
due to right ventricular obstruction, paradoxical
embolism with or without a patent foramen ovale,
dysrthythmia or asystole, pulmonary hypertension,
systemic hypotension and cardiovascular collapse [39].
A “mill-wheel” murmur can be auscultated if the
embolism is large enough. Without an increase in
minute ventilation, the end-tidal CO2 would decrease,
though the arterial partial pressure of CO2 would be
increased [39]. The most sensitive method of diag-
nosing a CO2 embolism is transesophageal echocar-
diography, with the transgastric inferior vena cava view
being the ideal window for monitoring the appearance
of carbon dioxide bubbles. However, transesophageal
Doppler has recently been shown to be nearly as sen-
sitive as transesophageal echocardiograpy and less
expensive [39].

23. How would you treat a CO2 embolism?
Immediate cessation of insufflation, release of the
pneumoperitoneum, discontinuation of nitrous oxide,
and increase in the FiO2 to 100 percent should occur if
CO2 embolism is suspected [40]. The patient should also
be hyperventilated and placed in steep head-down and
left lateral decubitus position (Durant’s maneuver) to
decrease the amount of gas that advances through the
right side of the heart to cause obstruction of the right
ventricular outflow tract [40]. In cases with profound
hemodynamic compromise, a central venous or pul-
monary artery catheter may be introduced for aspiration
of the gas.

Postop:

1. What postoperative issues can be associated with
laparoscopic surgery?

In addition to shoulder pain due to the retention of
intra-abdominal gas, the effects of the pneumoperitoneum on
respiratory function may continue into the postoperative
period, requiring supplemental oxygen, non-invasive or high
oxygen flow delivery systems [14]. Patients may also
experience oliguria. The incidence of postoperative nausea
and vomiting following laparoscopic surgery can be as high
as 42% [41]. This is likely due to the rapid stretch of
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the peritoneum during abdominal insufflation, which may
activate neurogenic pathways involved in inducing nausea
and vomiting [42].
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33Carcinoid Disease

Tara C. Carey

CASE:

A 47-year-old man presents for exploratory laparotomy and
small bowel resection.

HPI: The patient has been having ongoing abdominal
cramping in the setting of known metastatic
carcinoid disease. The patient was diagnosed with a
small bowel carcinoid 6 years prior and had hepatic
metastasis at the time of diagnosis. He has persistent
diarrhea and daily flushing episodes. He is
undergoing resection for disease control and for
symptomatic relief

MEDS:
–Amlodipine 10 mg qd
–Pantoprazole 40 mg qd
–Oxycontin 80 mg PO TID
–Oxycodone 5 mg PO q4 hr prn breakthrough
pain (avg 20 mg/day)

–Octreotide LAR 40 mg SQ monthly

PMHx:
–Metastatic carcinoid with multiple small bowel tumors and
hepatic metastases

–Hypertension
–Chronic low back pain

EXAM: Ht: 69″, Wt: 75 kg, HR: 80 bpm, BP: 114/74,
T 36.5 C

HEENT: No telangiectasia. Pupils equal, round, and reactive
to light.

CV: RRR, no murmurs, rubs, or gallops. No evidence of
jugular venous distension.

Resp: Clear to auscultation, no wheezing, no crackles.

Abdomen: Well-healed surgical scars. No hepatomegaly.

Extremities: No peripheral edema.

1. What are carcinoid tumors?

Carcinoid tumors are rare, slow-growing neuroendocrine
tumors that are derived from the enterochromaffin cells, or
Kulchitsky cells, of the neuroendocrine system [1]. Carci-
noid tumors are now referred to as well-differentiated neu-
roendocrine tumors [2]. The incidence is estimated to
be * 2–4 per 100,000 people per year [3, 4]. Carcinoid
tumors are associated with multiple endocrine neoplasia
(MEN) type 1 syndrome [5, 6].

Carcinoid tumors most commonly present in the gas-
trointestinal tract (65%), less often in the tracheobronchial
tree or lungs (25%), and rarely other areas of the body (i.e.,
ovaries, pancreas) (10%). In the gastrointestinal (GI) tract,
carcinoid tumors most commonly arise in the small bowel
(40%) and appendix (19%) [2].

These tumors release a variety of vasoactive substances
including serotonin, dopamine, norepinephrine, histamine,
bradykinins, tachykinins, and prostaglandins that lead to the
symptoms of carcinoid syndrome [4–6].

2. What is carcinoid syndrome?

Carcinoid syndrome is caused by tumor release of
vasoactive substances into the systemic circulation leading
to the development of a variety of symptoms, including
cutaneous flushing, diarrhea, bronchospasm, abdominal
cramping, and right-sided heart failure. Flushing and diar-
rhea are the most commonly experienced symptoms [6, 7],
with 90% of patients experiencing flushing and 70% with
diarrhea, where those with wheezing (20%) and bron-
chospasm (10%) are far less common [7]. The flushing of
carcinoid syndrome primarily involves the face, neck, and
chest and may be associated with a burning sensation.

Carcinoid syndrome is only experienced by *10% of
patients with carcinoid tumors [3, 8, 9]. This is because
carcinoid syndrome is most commonly seen in patients with
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primary tumors of the gastrointestinal system that have
metastasized to the liver. Prior to hepatic metastases, the
hormones and peptides released by the primary tumor of the
GI system are inactivated by hepatic metabolism via the
portal circulation. Once the primary tumor has metastasized
to the liver, these chemical substances bypass hepatic
metabolism and are released directly into the systemic cir-
culation and cause the symptoms of carcinoid syndrome.

Carcinoid syndrome may develop in the absence of
hepatic metastases when the primary tumor releases
vasoactive substances directly into the systemic circulation.
This is true for primary carcinoid tumors located outside of
the gastrointestinal tract, as is the case with bronchial,
ovarian, and pancreatic tumors [5].

3. What are your preoperative considerations in a patient
with suspected carcinoid disease?

A thorough preoperative history and physical exam are
necessary to identify patients with carcinoid syndrome, as
they may be at higher risk of developing intraoperative
carcinoid crisis. This includes assessing for history of
flushing, diarrhea, wheezing, shortness of breath, and bron-
chospasm. It is imperative to evaluate for symptoms asso-
ciated with carcinoid heart disease and right-sided heart
failure (i.e., jugular venous distension, hepatomegaly,
peripheral edema, fatigue, etc.), as this significantly increa-
ses the patient’s risk of morbidity and mortality associated
with the procedure [10]. It is important to ascertain how long
a patient has been symptomatic, as 50% of patients with
carcinoid syndrome will develop carcinoid heart disease
[11], and this usually occurs within 24–28 months after
onset of carcinoid syndrome [12]. Lastly, one should eval-
uate whether the patient is treated with octreotide and their
current dose. Patients receiving octreotide at baseline may
require higher doses to treat symptoms if they develop in the
perioperative period [3].

Physical exam should include assessment for wheezing,
presence of telangiectasias, signs of right-sided heart failure,
presence of murmur, and evaluation of volume status given
the risk of volume depletion in the setting of frequent
diarrhea.

4. What preoperative laboratory or imaging studies are
useful in assessing for the presence of carcinoid disease?

Laboratory evaluation to aid in the diagnosis of a carci-
noid tumor includes serum measurement of chromogranin A
and 24-h urine measurement of 5-hydroxyindole-3-acetic
acid (5-HIAA). Chromogranin A is a glycoprotein secreted
by carcinoid tumors and is elevated in 56–100% of people
with carcinoid tumors [13]. Because this level correlates

with bulk of disease, it can be followed serially to evaluate
for disease progression or response to treatment [13].
5-HIAA is a metabolite of serotonin and is frequently ele-
vated in patients with carcinoid disease, especially in
patients with hepatic metastases, and may therefore be nor-
mal in patients who have gastrointestinal carcinoid without
metastatic disease. Elevated concentration of 5-HIAA is
positively correlated with disease progression and worsened
prognosis [12]. High levels of 5-HIAA preoperatively has
also been demonstrated to be a risk factor for increased
perioperative complications and death [10].

An octreotide scan, or somatostatin receptor scintigraphy,
is the most sensitive imaging modality for identifying the
presence of carcinoid tumors and metastatic disease [14].
Radiolabeled octreotide is injected into the body and binds
to the somatostatin receptors of carcinoid tumors, which can
then be viewed on imaging. Conventional MRI and CT scan
should also be reviewed to evaluate for the presence of
metastatic disease.

5. (A) How common is carcinoid heart disease in patients
with carcinoid tumors and what are the implications of
carcinoid heart disease?

Carcinoid heart disease (CHD) occurs in more than 50%
of patients with known carcinoid syndrome [11] and may be
the presenting symptom of carcinoid syndrome in up to 20%
of patients [15]. CHD is associated with an increase in
morbidity and mortality in patients with carcinoid disease
[15–18]. Patients with CHD have a 31% 3-year survival rate
compared to 60% in patients without CHD [12]. Given the
increased morbidity and mortality associated with CHD,
these patients are at increased risk of perioperative compli-
cations, and it is critical to identify these patients in the
preoperative setting.

(B) Describe the pathophysiology of carcinoid heart disease
and what valvular abnormalities are most commonly
seen.

CHD is classically characterized by plaque-like deposits
of fibrous tissue on the endocardial surfaces of valve leaflets,
chordae tendineae, papillary muscles, and cardiac chambers
[16]. High concentrations of serotonin, along with other
vasoactive substances, released by carcinoid tumors into the
vena cava and, subsequently, the right heart, are implicated
in triggering the pathological formation of these plaque-like
deposits [15, 16]. These mediators then pass through the
pulmonary circulation and are degraded before they are able
to trigger the same pathological response in the left heart
[15, 16]. As a result, the valves of the right heart are affected
in >90% of patients with CHD, with only 10% of patients
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having evidence of left heart involvement [15, 16]. Left heart
involvement is more commonly seen in patients with a
patent foramen ovale, allowing flow of these mediators into
the left heart prior to their degradation by the pulmonary
circulation [15, 16]. The most common valvular abnormal-
ities seen in CHD are tricuspid insufficiency and pulmonary
stenosis.

(C) What should your preoperative assessment include to
evaluate for the presence of CHD?

Clinically, patients may initially have subtle, nonspecific
symptoms of fatigue or dyspnea on exertion. As the valvular
disease progresses, more classic signs and symptoms of
right-sided heart failure may be evident. A focused physical
exam should be performed to evaluate for the presence of
murmur, elevated jugular venous pressure, peripheral edema,
hepatosplenomegaly, and ascites [15]. Having frequent epi-
sodes of daily flushing (>3 episodes/day) has been shown to
be an independent risk factor for development and pro-
gression of CHD [18].

(D) What additional laboratory or imaging studies are useful
in evaluating for the presence and/or severity of CHD?

Laboratory evaluation of patients with carcinoid tumors
can help to identify patients who are more likely to have
CHD. Higher levels of 5-hydroxyindole-3-acetic acid
(5-HIAA) in the urine have been correlated with increased
risk of developing CHD and progression of CHD on
echocardiography [15, 16, 18]. N-terminal pro-brain natri-
uretic peptide (NT-proBNP), a natriuretic peptide released
by the atria and ventricles in response to increased wall
stress secondary to volume and/or pressure overload, has
been shown to have a high sensitivity (87%) and specificity
(80%) in predicting CHD, even in patients without carcinoid
syndrome. An NT-proBNP >260 pg/mL can be used to rule
out significant carcinoid heart disease [15–17].

Patients who have carcinoid syndrome, especially with
frequent flushing episodes, symptoms or exam findings
concerning for CHD, high levels of 5-HIAA or NT-proBNP,
should be further evaluated with transthoracic echocardiog-
raphy to better evaluate for and/or characterize the severity
of the patient’s CHD.

6. What additional laboratory or diagnostic studies would
you want preoperatively?

As outlined above, serum chromogranin A, 24-h urine
collection of 5-HIAA, and, in some cases, NT-proBNP are
useful in characterizing the burden of disease in patients with
carcinoid. In addition to these studies, a chemistry panel

should be obtained to evaluate for the presence of volume
depletion, electrolyte abnormality, and hyperchloremic
metabolic acidosis in the setting of diarrhea. Imaging stud-
ies, including octreoscan, should be reviewed to evaluate for
the presence of liver metastases and burden of disease. If you
suspect carcinoid heart disease, obtaining an electrocardio-
gram and transthoracic echocardiogram is prudent to better
characterize cardiac function.

7. In addition to standard ASA monitors, what access and
intraoperative monitoring do you think is necessary to
manage this patient?

One should obtain large bore intravenous access given the
potential need for fluid resuscitation in the event of carcinoid
crisis. This is even more critical if there is a high risk of blood
loss with the planned surgical procedure. Preinduction
intra-arterial monitoring is necessary, given the need for
continual hemodynamic monitoring during induction of
anesthesia and the remainder of the procedure. Central venous
access may also be necessary, especially when vasopressor
support is likely, as may be the case in patients with carcinoid
heart disease or other significant medical comorbidities.

8. What is carcinoid crisis?

Carcinoid crisis is a more severe, and potentially
life-threatening, manifestation of the signs of carcinoid syn-
drome, where release of vasoactive substances from the car-
cinoid tumor or metastases leads to the development of severe
flushing, bronchospasm, tachycardia, and/or hemodynamic
instability to the point of complete vascular collapse [1].

9. When is carcinoid crisis more likely to develop?

Carcinoid crisis can be triggered by induction of anesthesia,
direct tumor manipulation, embolization procedures,
chemotherapy with resultant tumor lysis, physical exam,
stress, anxiety, pain, light plane of anesthesia, hypertension,
hypotension, hypercapnia, hypothermia, and use of medica-
tions that may trigger carcinoid crisis (sympathomimetics and
histamine releasing drugs) [11, 19]. While these perioperative
events are considered to be periods where patients are at
increased risk of developing carcinoid crisis, it is critical to
remain ever vigilant as crisis has been shown to occur spon-
taneously in the patient with carcinoid disease [19].

10. Which patients are at risk for developing carcinoid
crisis?

Patients with known carcinoid syndrome, hepatic metas-
tases, or primary carcinoid tumors outside of the GI tract are
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thought to be at higher risk of developing carcinoid crisis.
Multiple studies and published guidelines suggest that only
patients with symptomatic carcinoid, or carcinoid syndrome,
are at risk of developing carcinoid crisis. Some even suggest
that patients without preoperative symptoms do not require
prophylactic treatment [7, 20, 21]. In a retrospective study
by Massimino et al., they found that carcinoid crisis was just
as likely to occur in patients without carcinoid syndrome as
those with carcinoid syndrome, and the only predictor of
intraoperative carcinoid crisis was the presence of hepatic
metastasis [20]. Massimino et al. [20] discuss that even in
the absence of hepatic metastases on preoperative imaging,
any patient with carcinoid disease should be presumed to be
at risk for carcinoid crisis given that a significant percentage
of patients have hepatic metastases that are not apparent
on preoperative imaging, but are instead identified
intraoperatively.

11. What steps can be taken to minimize the development of
carcinoid crisis?

Avoiding intraoperative carcinoid crisis begins with a
thorough preoperative evaluation, as outlined above, to
better characterize the patient’s burden of disease, presence
of metastases, and presence of carcinoid heart disease.
Management of these patients frequently requires multidis-
ciplinary communication with the surgical team, oncologist,
endocrinologist, and, if applicable, cardiologist, to ensure the
patient is optimized for surgery.

Adequate preoperative anxiolysis can be achieved with
benzodiazepines or a nonhistamine releasing opioid, to avoid
stress induced catecholamine release. Medications targeted
toward blocking the production or effects of vasoactive
substances released by the tumor can be administered pre-
operatively. These medications include H1 and H2 blockers.
Some reports recommend administration of corticosteroids
or serotonin blockers, like cyproheptadine [5], but the
effectiveness of these agents is debated [22]. Octreotide is
the mainstay of pre, intra, and postoperative treatment of
carcinoid disease and carcinoid crisis.

Intraoperatively, a slow, controlled induction is essential
to minimize sympathetic stimulation and avoid carcinoid
crisis. In cases where the patient is at risk for aspiration, the
need for rapid sequence intubation must be weighed against
the potential for less hemodynamic control and risk of car-
cinoid crisis. In these situations, remifentanil can be an ideal
agent to use for blunting the sympathetic response to
laryngoscopy as it is a potent analgesic that is rapidly
titratable [23].

Given that carcinoid crisis can also develop in response to
light anesthesia and tumor manipulation, it is imperative to
ensure that the patient is adequately anesthetized, especially

during more stimulating parts of the procedure. Close
intraoperative communication with the surgical team is
essential in the care of these patients. If symptoms develop
during tumor manipulation, the surgeon should stop surgical
stimulation until adequate hemodynamic control is achieved.

12. What is octreotide?

Octreotide is a somatostatin analogue that binds to the
somatostatin receptor and prevents release of vasoactive
substances by carcinoid tumors. Octreotide has proven to be
invaluable in the treatment of carcinoid syndrome and in the
prevention and treatment of carcinoid crisis [5, 9].

13. How and why is octreotide used in the perioperative
period in patients with carcinoid disease? What is the
dose?

Patients with carcinoid syndrome are frequently on
octreotide for management of their disease in the preopera-
tive setting. If not already on octreotide prior to surgery,
these patients may require preoperative treatment in the
weeks leading up to surgery. Interdisciplinary planning with
the surgeon, endocrinologist, and oncologist is necessary to
help determine whether or not the patient would benefit from
preoperative treatment with octreotide.

There is not a clear consensus on which patients should
receive a prophylactic bolus dose of octreotide. Where some
guidelines recommend the use of prophylactic octreotide
only in patients with preoperative symptoms, other institu-
tions routinely administer prophylactic octreotide to any
patient with carcinoid disease, even if they are asymptomatic
preoperatively [20]. As outlined above, patients with carci-
noid heart disease, patients with highly elevated levels of
5-HIAA, hepatic metastases, and carcinoid syndrome have
all been associated with more advanced disease, and there-
fore may all benefit from prophylactic treatment with
octreotide. Until there is a more reliable predictor for
development of carcinoid crisis, the patient specific and
surgical specific risk factors must be assessed in order to
decide whether or not prophylactic treatment is warranted.

The recommended prophylactic dose of octreotide
required to prevent carcinoid crisis is widely variable, and
ranges from a bolus of 50–500 mcg IV preoperatively, with
or without the use of an intraoperative infusion of
50–150 mcg IV/h [3, 11, 20]. Infusions up to 500 mcg/h
have been reported [11]. Patients who have been on chronic
octreotide therapy for symptom management have been
shown to require higher doses of octreotide to treat carcinoid
crisis [3]. It is, therefore, important to clarify whether a
patient was taking octreotide preoperatively and to quantify
their dose.
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Octreotide should be readily available for any patient
with known or presumed carcinoid disease, even without
carcinoid syndrome, as these patients are at risk of devel-
oping intraoperative carcinoid crisis [19, 20]. In the event of
carcinoid crisis, an octreotide bolus of 100–500 mcg every
5–10 min should be administered until physiological
derangements resolve.

14. Is octreotide always effective?

While octreotide is considered the mainstay in treatment
of carcinoid crisis and associated with decrease in frequency
of intraoperative complications [5], it is not 100% effective
in reversing the signs of carcinoid crisis [9, 20]. The anes-
thesiologist and surgeon should work together to minimize
triggers for development of carcinoid crisis and be prepared
with additional treatment modalities including fluid resus-
citation and vasopressors.

15. What adverse side effects, if any, are associated with
octreotide treatment?

Common adverse effects of treatment with octreotide are
relatively minor compared to the life-threatening symptoms
associated with carcinoid crisis. They include headache,
nausea, vomiting, abdominal cramping, cholestasis, and
insulin suppression with resultant hyperglycemia [3].
Patients who are receiving octreotide should have their
glucose monitored in the perioperative setting to avoid
complications associated with hyperglycemia.

16. What are your goals for induction?

As stated above, patients with carcinoid disease are at risk
of developing carcinoid crisis during induction of general
anesthesia. A slow, controlled induction with continual
hemodynamic monitoring is essential in patients at risk of
carcinoid crisis. It is imperative to ensure a deep plane of
anesthesia prior to laryngoscopy.

17. Is neuraxial anesthesia appropriate in patients with
carcinoid?

Neuraxial anesthesia was previously thought to be rela-
tively contraindicated in patients with carcinoid syndrome
secondary to reports of profound hypotension after epidural
or spinal placement [24, 25]. More recent data suggest that
neuraxial anesthesia may be safely tolerated by patients with
carcinoid disease, with case reports of both spinal and
epidural anesthesia being well tolerated in patients with
known carcinoid syndrome [13, 22, 26]. Neuraxial anes-
thesia has the advantage of decreasing sympathetic response

to surgical stimulation, and pain in the postoperative setting,
thereby decreasing the risk of carcinoid crisis. If neuraxial
anesthesia is performed, close hemodynamic monitoring is
essential as patients may have a profound hypotensive
response requiring intervention. In patients with epidural
anesthesia, local anesthetics should be administered in a
graded fashion to avoid profound hypotension. In patients
where spinal anesthesia is to be performed, preoperative
optimization with adequate hydration may allow for
increased hemodynamic stability. Combination of a moder-
ate dose of local anesthetic with opioids, allows for reduced
local anesthetic dose, and may minimize sympathectomy
and prevent blocking of the cardiac accelerator fibers [22].

18. What medications should be used or available when
providing an anesthetic for a patient with a known car-
cinoid tumor?

Octreotide is invaluable in the prevention and treatment
of carcinoid crisis, and should be available during any case
where a patient has known carcinoid disease. Antihistamines
can be used to prevent flushing and bronchospasm associ-
ated with histamine release. Antiserotonergic agents, such as
cyproheptadine, ondansetron, along with corticosteroids to
reduce bradykinin production can also be used, though the
data on the effectiveness of these agents is inconconclusive
[9]. Hypertension should be treated with beta-blockers or by
deepening the plane of anesthesia with propofol, volatile
agents, or remifentanil [23].

19. What medications should be avoided in patients with
carcinoid disease and why?

Medications that stimulate histamine release should be
avoided as they may potentiate an exaggerated release of
histamine from the tumor. These medications include ben-
zylquinolone, nondepolarizing, neuromuscular blockers
(atracurium and, historically, mivacurium), succinylcholine,
morphine, and meperidine. Ketamine should be avoided as it
causes increase in sympathetic nervous system stimulation.
Catecholamine releasing drugs such as ephedrine, nore-
pinephrine, epinephrine should be avoided as they can
actually worsen the hypotension secondary to carcinoid
crises. In the case of bronchospasm, ipratropium and corti-
costeroids are preferred to beta-agonists, like albuterol, as
they may potentiate mediator release [5].

20. What vasopressor would you use in patients with car-
cinoid disease and why?

Direct acting peripheral vasoconstrictors, such as
phenylephrine, or vasopressin, are preferred in patients with
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carcinoid disease, as they do not induce catecholamine
release [8, 20].

21. Describe the management of carcinoid crisis.

If the patient begins to exhibit signs of carcinoid crisis,
i.e., flushing, bronchospasm, or hemodynamic instability,
swift management is essential to avoid catastrophic conse-
quences. The surgical team should immediately be notified
to cease surgical manipulation until the patient is hemody-
namically stable. Octreotide should be administered in
incremental doses of 100–500 mcg IV every 5–10 min until
the crisis resolves. Fluids should be liberally administered to
aid in resuscitation. If the patient has ongoing hypotension,
phenylephrine and vasopressin are the vasopressors of
choice. While epinephrine and ephedrine should be avoided
as they have the potential to worsen hypotension via
potentiation of mediator release, there are case reports of
successful use of epinephrine and ephedrine in patients with
carcinoid crisis. These agents are best reserved for cases of
refractory hypotension and cardiovascular collapse unre-
sponsive to the above measures. As stated above, in the case
of bronchospasm, ipratropium is preferred to beta-agonists
or epinephrine.

22. What are the postoperative considerations for patients
with carcinoid syndrome?

Patients are still at risk of developing carcinoid crisis in
the postoperative setting. Patients may require advanced
level monitoring in the intensive or intermediate care unit to
allow for close monitoring of the patient’s cardio-respiratory
status and to ensure adequate analgesia. Patients may require
ongoing treatment with octreotide infusion, for up to 48 h,
until they can be transitioned to their home regimen.
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34Kidney Transplantation

Jonathan Ross

Case

A 52 year old male with hypertension, GERD, Type 2 dia-
betes, and currently on hemodialysis three times weekly is
scheduled for a living, related donor kidney transplant from
his sister, who is ABO compatible. The patient had dialysis
on the evening before presenting to the hospital for surgery.
This morning, laboratory studies show a WBC of 7.2, HCT
of 31, RBC of 9.8, Na 132, K 5.6, Glucose 141, Cr 8.1, and
BUN 77. On exam, you note that the patient is 5′10″ tall, and
weighs 88 kg. He appears well and is afebrile. Vital signs
include BP 91/44, HR 98, RR 16, SpO2 96% on room air.
His lungs are clear, and heart rate and rhythm are regular. In
anticipation of the surgery, he has not had any intake of food
or drink today.

What screening is undertaken prior to becoming a
candidate for kidney transplant?
Prior to being placed on the list for a transplant, or being
eligible for donation of a live organ, all patients undergo a
series of evaluations. Prescreening of transplant candidates
should involve a comprehensive overview of all organ sys-
tems to ensure the overall health of the candidate. Rou-
tine CBC, electrolyte, renal, coagulation, and liver
bloodwork should be performed on a regular basis as long as
the patient is on the candidate list. As well, urinalysis (if the
candidate is not anuric), a cardiac workup, and a chest
radiograph or CT scan should be performed during the
evaluation process [1, 2].

The immune compatibility of the recipient must be
assessed and matched with potential donor organs. The
individual HLA markers are encoded on the 6th chromo-
some, and thus can be obtained easily by genetic testing. The

closer the HLA match between donor and recipient, the
lesser the chance of immune-mediated rejection of the organ.

What immediate preoperative considerations are
necessary prior to transplant?
When an organ is eventually assigned to a patient, recipients
can fall into two categories—the ‘emergency’ transplant
(i.e., very short notice due to the use of a cadaveric donor
organ), and the ‘scheduled’ transplant (a living related or
nonrelated donor organ) [3]. Given the fact that all patients
will start from a condition that is essentially an end-stage
renal disease (ESRD), it is important in both of these cate-
gories to optimize electrolytes and volume status. Immediate
preoperative laboratory studies, including a CBC, elec-
trolytes, and coagulation panel are therefore important, with
corrections made as needed prior to moving to the operating
theater. An unscheduled dialysis session may be warranted if
electrolytes are significantly imbalanced, with care given to
minimize ultrafiltration in order to preserve intravascular
volume [4, 5].

In patients who are diabetic, normalization of blood
glucose is essential to minimize infection risk, promote
appropriate wound healing, and successful vascular anasto-
mosis [6]. An insulin infusion (with dextrose drip as indi-
cated) has entered the literature as the most rapid and
accurate method of titrating blood glucose, however a slid-
ing scale insulin treatment continues to be used in many
facilities as well [7, 8].

What comorbidities are common in patients with
ESRD?
Once renal output (measured as glomerular filtration rate,
GFR) drops below 15 ml/min/1.73 m2, patients are typically
started on dialysis and considered to have ESRD. Virtually
every organ system is affected in patients with renal disease,
for a variety of reasons. The cardiovascular and hematologic
systems are the most consequential for the surgical patient.
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What cardiovascular comorbidities are seen in these
patients?
The volume and pressure increases seen in progressive renal
disease typically cause permanent arterial injury, leading to
hypertension (from uncontrollable volume overload), as well
as worsening vascular response to fluid shifts [9, 10].
Patients also tend to have disregulation of the
renin-angiotensin system, since juxtaglomerular cells in the
healthy kidney are the principal controlling factor in renin
release. There is no clear-cut data for changes in renin
production in patients with ESRD; some patients seem to
have reduced angiotensin II levels, and some patients have
increases in levels of this vasoactive hormone [11].

What Hematologic issues are seen in ESRD patients?
Besides volume overload, the blood also develops increased
levels of metabolic waste products, which can result in a
metabolic acidosis, hyponatremia, hyperkalemia, hypermag-
nesemia, and hyperchloremia. Since the changes are usually
slow and insidious, the heart can compensate (to some extent)
for the higher potassium level, however, if symptoms of
hyperkalemia are evident, treatment with calcium is war-
ranted, followed by medications to decrease the serum
potassium level (see below) [12]. Hypermagnesemia can
cause muscle relaxation and weakness, amongst other more
serious cardiac conduction side effects if levels increase [13].

Patients with poor renal function also tend to have
decreased erythropoietin levels, which results in reduced
production of red blood cells. There is therefore a tendency
toward anemia (normochromic and normocytic). In addition
to this baseline anemia, the dialysis machine causes signif-
icant physical damage to RBCs. Patients frequently receive
injections of synthetic epo- or darbepoetin to partially
compensate for the underlying issue [14]. Despite the
injections, the observed hematocrit remains lower than a
nonrenal failure patient. To avoid a relative insufficiency in
tissue oxygenation, circulation becomes somewhat hyper-
dynamic. Patients may also develop an increased 2,3 DPG
level in order to shift the oxyhemoglobin dissociation curve
to the right, promoting increased tissue oxygenation [15].

This patient has an elevated potassium level, despite
having had dialysis the day before. Is this a con-
traindication to proceeding? How does an elevated
potassium level affect the heart?
Potassium and sodium are principal components of the
action potential, which is the electrochemical signal propa-
gation seen in the heart and nervous system. Inappropriately
high levels of potassium reduce the excitability of the heart,
decreasing both pacemaking and overall conduction of
electrical signals. As the potassium levels rise, the SA node
signal is suppressed, the HIS-bundle conduction becomes

inefficient, and the patient enters various stages of heart
block, bradycardia, and eventually cardiac arrest [16].

Patients with chronic renal disease tend to have an ele-
vated serum potassium level due to the inability of the
damaged kidney to effectively eliminate the superfluous
fraction of this electrolyte. Fortunately, the slow and chronic
buildup of potassium seen in these patients allows for some
cardiac compensation to occur, and the typical signs of
hyperkalemia-related EKG changes (i.e., cardiac conduction
changes) occur at a higher than expected serum potassium
level. In this particular case, as long as the EKG does not
show changes of hyperkalemia (peaked T-waves, p-wave
flattening, AV-block, etc.), it is reasonable to proceed with
the surgery [17].

If the potassium level was 6.6 mEq/L instead of 5.6,
how would this affect the decision to proceed with the
surgery?
Although patients with renal failure can have chronically
elevated potassium levels, serum levels above 6.0 mEq/L
ARE typically a contraindication to surgical procedures,
since even small increases in serum potassium from that
point can lead to serious conduction abnormalities in an
unpredictable manner. The potassium should be decreased
prior to coming to the OR. This can be accomplished via an
additional round of dialysis, and can transiently be achieved
through the use of potassium-reducing medications. An
infusion of insulin and glucose will assist in reducing
potassium levels, as will albuterol, or bicarbonate. These
medications function by driving potassium into the intra-
cellular compartment, decreasing the circulating level.

Is an arterial line necessary for this case? What about
other monitors?
An arterial line is typically not required for kidney trans-
plantation. The use of an arterial line is designed to assist
with blood pressure monitoring in surgeries where there is
either a high probability of serious hemodynamic fluctua-
tions, a significant number of blood samples required for
laboratory or point-of-care analysis, a patient with significant
comorbidities (such as advanced aortic stenosis), a patient
whose body habitus makes standard blood pressure cuffs
unreliable, or cases where vasoactive drugs are used to
achieve specific blood pressures at specific times (e.g., an
aneurysm clipping). Standard ASA monitors are an appro-
priate choice if none of these factors are expected.

What type of venous access will be needed for this
case?
A typical renal transplant is not a procedure with a high
blood loss potential, and should be manageable with one or
two 18G IVs [18]. Neither central access nor CVP
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monitoring is typically needed, unless indicated by a
comorbid condition, or lack of alternative vascular access
options.

What are the choices for anesthesia type in this case?
Kidney transplant is a procedure usually performed under a
general anesthetic. There is literature supporting a neuraxial
technique, including the use of spinal anesthesia, epidural
alone, and CSE [19, 20]. Issues requiring consideration in
selecting a regional anesthetic technique include the surgical
use of heparin (or other anticoagulants) in order to reduce the
risk of graft thrombosis, and the increased bleeding tendency
of patients on long-term dialysis.

What kinds of changes to drug metabolism are
expected in patients about to receive a renal
transplant?
There are several marked changes in physiology in the
pretransplant patient that can result in altered metabolism of
common medications. Decreases in serum albumin levels
results in a higher plasma level of protein-bound drugs.
Oddly, the amount of propofol (a highly protein-bound drug)
needed for induction or maintenance of anesthesia increases
in these patients [21, 22]. This is a result of the hypervolemia
and hyperdynamic circulation (a result of anemia, see above)
in these patients (Table 34.1).

Is there any controversy regarding the use of sevo-
flurane in ESRD or in patients undergoing a renal
transplant?
Historically, the use of sevoflurane has been associated with
the potential for production of renal toxic compounds,
including inorganic fluoride ions [24], and the production of
‘compound A’ (a fluorinated ether) when interacting with
CO2 absorbers containing a strong base, such as NaOH [25,
26]. In reality, studies have not demonstrated development
of nephrotoxicity from fluoride ions at the levels produced

by sevoflurane, either in humans or animal models [27].
Animal studies in rats have, however, demonstrated the
potential for temporary renal toxicity from the combination
of sevoflurane, low fresh gas flow rates, and strong-base
CO2 absorbers. Since, in humans, the enzyme pathway uti-
lized for transforming the rebreathed compound A into a
nephrotoxic material is 10–30 fold less active than in rats, no
studies have demonstrated a transient renal dysfunction
stemming from sevoflurane use in humans [28, 29].
The FDA does suggest that the use of fresh gas flow over
2L/min when using sevoflurane for greater than 1 h, how-
ever, no other country has a similar restriction in place.

What is the difference in transplanting kidneys from
living related, living nonrelated, and cadaveric
sources?
There are several advantages of a living donor (related or
nonrelated) transplant over a cadaveric donor. The advan-
tages include:

– A shorter wait for transplantation. The supply of
deceased donor organs is limited, and can have a sig-
nificant waiting time for a patient awaiting transplanta-
tion. For some patients with end-stage renal disease, their
overall health can decline rapidly while waiting for a
transplant. A living donor, as a volunteer, can effectively
eliminate the wait time for the intended recipient, and
also, by removing that recipient from the waiting list,
shortens the list for all recipients [2].

– Faster recovery time for the recipient. Although modern
stasis methods help with preservation of tissue, an organ
from a living donor has a higher chance of functioning
immediately after implantation, decreasing the overall
hospital length of stay [3].

– Improved long-term outcome. There is a higher overall
graft survival rate from a living donor organ rather than a
cadaveric kidney. For the first two years after transplant,

Table 34.1 Changes to Drug
Pharmacokinetics in ESRD

Agent Pharmacokinetics [23]

Propofol Increased amounts needed

Etomidate Not affected

Ketamine Not affected

Morphine Metabolites can accumulate, causing increased CNS/respiratory
depression

Fentanyl, Remifentanil,
Sufentanil

Essentially unaffected

Succinylcholine Unaffected, but patients may have elevated baseline potassium

Nondepolarizing relaxants Decreased amounts needed (delayed clearance) except with
atracurium/cisatracurium

Neostigmine Prolonged effect

Glycopyrrolate, Atropine Prolonged effect

Midazolam Unaffected
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there is typically excellent function from any graft. After
that time, the failure rate of cadaveric kidneys is higher
than in living donors. Although the exact reason for this
is unknown, it may be related to inflammatory cytokine
circulation at the time of brain death, prior to explanta-
tion of the organ [30].

The overall outcome between living related versus
living-unrelated kidney transplants is similar in terms of
renal function decline over time and graft survival length
[31, 32]. The major concern with an unrelated donor is in the
frequency of rejection (see below), however, modern
immunosuppression methods are quite effective in ‘hiding’
the HLA incompatibilities of nonrelated donors from the
cellular response system.

What kinds of graft (transplanted organ) rejections
can occur?
In a kidney transplant, the principal types of rejections
include:

– Hyperacute: rejection immediately, within minutes to
hours of transplantation. This type of rejection is due to
preexisting antibodies against major antigens on the new
tissue. This is similar to an ABO mismatch in blood
transfusions. The body will generate a systemic inflam-
matory immune response to any foreign tissue that trig-
gers a hyperacute reaction [33]. This is an uncommon
type of rejection, since antibody screening with the pre-
operative blood samples can test for a positive cross-
match of T-cells or B-cells. However, there are examples
of HLA compatible kidneys undergoing this type of
reaction as well, so it is still an important contributor to
failed transplantations. It is believed that a prior blood
transfusion, pregnancy, or previous transplant is the
original cause for the creation of the responsible circu-
lating cytotoxic IgG HLA antibodies. Besides an
inflammatory response, these antibodies can also agglu-
tinate red blood cells and cause widespread clumping of
blood cells inside the new kidney arteries, starving the
kidney of oxygen, and leading to tissue death [33, 34].

– Acute: One week to several months following transfu-
sion. This type of graft rejection is related to the attack of
protective cells (cellular immunity) rather than the for-
mation of antibodies (humoral immunity). Cytotoxic
T-cells, killer cells, and other cytokine-mediated immune
cells migrate into the foreign tissue and cause apoptosis,
resulting in tissue death. This type of reaction can be
mitigated with proper immunosuppressive treatment, and
is believed to occur in 15–20% of all kidney transplants.
Multiple (treated) episodes of acute rejection can lead to
chronic rejection [35, 36].

– Chronic: More than one year after graft placement.
Almost all transplant patients eventually develop some
form of chronic rejection. This type of rejection involves
the fibrosis (scarring) of the structural and functional
components of the donor kidney from cell death and
restructuring.

What is done to decrease the chances of
immune-mediated rejection of the organ?
Although plasmapheresis is occasionally utilized in patients
receiving living kidneys from non-HLA matching donors,
the principal method of decreasing rejection of the trans-
planted kidney is the use of immunosuppressants. A combi-
nation of monoclonal antibodies, steroids, calcineurin
inhibitors, and TOR inhibitors are used to decrease the
immune response over time [37, 38]. There are three phases
of the immunosuppressive regimen:

– Induction therapy, which involves the greatest level of
immunosuppression. It is started before or during the
transplant. This phase is the most significant to the
anesthesiologist, since some of these medications will be
required during the procedure, most commonly, steroids
and campath (see below).

– Maintenance therapy, designed to prevent acute rejection
over the first several months

– Long-term immunosuppression, which is individually
titrated for optimal effect.

The surgeon asks for an infusion of Campath during
the case. What is Campath?
Alemtuzumab (Campath) is a monoclonal antibody that was
originally used in treatment of B-cell and T-Cell lymphoma
[39]. It binds to the surface of lymphocytes and targets them
for destruction. This function has been adapted for use in
organ transplantation, since it effectively makes this medi-
cation an excellent immunosuppressant.

What are some of the principal surgical complications
of kidney transplant?
There are a number of surgical morbidities that are seen in
patients who undergo renal implantation [40–42]. Since the
kidney is a bridge between the circulatory and the urinary
system, functional problems can occur with either of these
components.

From a vascular point of view, the most immediately
obvious would be an anastomotic failure of the renal vessels
to the new kidney. Since each renal artery receives
approximately 12–15% of the cardiac output, potentially
hundreds of milliliters of blood loss per minute can occur in
the event of vessel rupture. Fortunately, this is an uncommon
occurrence in kidney transplant procedures. More commonly

266 J. Ross



seen is renal artery thrombosis, which occurs from a
low-flow state in the renal artery, stemming either from an
inappropriately tight anastomosis causing obstruction, vas-
cular ‘kinking,’ or significant hypotension. Arterial kinking
presents as acute cessation of urine flow. If this complication
is recognized quickly (by Doppler ultrasound), it is possible
to salvage the organ. Doppler ultrasound is also utilized to
diagnose complications in the venous connections of the
kidney. An acute venous thrombosis can result in edema of
the kidney, and also cause loss of the organ [43].

– Other complications include errors in connecting the
urinary system, which can result in backflow of urine and
hydronephrosis (if too tight), or urine leaking (often from
necrosis of the tip of the ureter). Ultrasound would
demonstrate a perinephric fluid collection, and the patient
often presents with fever and decreased urine output.

The patient had dialysis the morning of the surgery.
Are there any concerns with the timing of dialysis?
Although dialysis removes many waste products from the
body and typically provides the benefit of normalizing
electrolytes, the ultrafiltration component can result in major
body fluid shifts, and hypovolemia is a significant possibil-
ity. Fluid boluses and increased rates of continuous infusions
may be warranted [44].

The blood vessels are anastomosed, and the organ
‘pinks up’ as blood starts to flow through it. You
notice an increase in etCO2 and peaked T-waves. What
is the cause?
The longer the ‘down time’ of an organ as it sits outside of
the body, the more waste metabolites will build up. Cadav-
eric kidneys are typically placed in cold storage in a solution
that contains high potassium (to prevent intracellular diffu-
sion of potassium), and can remain viable for up to 40 h
[45]. The goal for living donors is to have ischemic times
less of than 30 min (when on ice), and no more than 3–
5 min when warm [46, 47]. Without perfusion, toxic
metabolites build up in the preserved organ quickly. Cooling
shows the overall metabolism of the kidney and decreases
waste product production. However, it does not stop cellular
functioning altogether. Without oxygen, energy consump-
tion within the cells is necessarily anaerobic, and if available
fuel sources are exhausted, some cells will undergo apop-
tosis and rupture, releasing more toxic products. When
perfusion is restored, the built up toxic metabolites are
‘washed’ into circulation. These waste products include
potassium (which can cause the peaked T-waves seen in this
question), and carbon dioxide, which is buffered by the
bicarbonate system in the blood and breathed out of the
lungs, increasing the etCO2. Both of these effects are

transient, and only seen very soon after connecting the
transplanted organ to vascular support, unless the organ
ischemia continues.

What are the fluid goals for the case?
The primary concern for the new kidney is to avoid ischemia
and acute tubular necrosis (ATN) [48]. This is principally
achieved by keeping a positive fluid balance. Presuming that
the patient does not have severe CHF or some other sig-
nificant contraindication to high fluid balance, fluids are
typically given to maintain a CVP between 10 and
15 mmHg, and PA pressure of 18–20 mm, in an effort to
optimize renal blood flow. Since neither a CVP nor a PA
catheter is commonly placed during a kidney transplant, and
given that (until the graft is in place) the patient is anuric,
other estimates of fluid balance must typically be used. Often
patients will be ‘tanked up’ with crystalloid to the point
where they can maintain a systolic blood pressure between
130 and 150 mmHg while under anesthesia. This usually
requires fluid administration in the 10–20 ml/kg/h range [44,
49].

What types of fluids are used to achieve this?
Typically, a form of crystalloid is utilized as the principal
fluid. Although there is literature on the use of hexastarches
and other artificial colloids, either normal saline or a com-
bination of half-normal saline with bicarbonate (for iso-
tonicity) is most often seen in transplant regimens.
Traditionally, potassium-including solutions are not admin-
istered during these procedures, due to the fear of worsening
the hyperkalemia seen in patients with inadequate graft
perfusion. Since relying entirely on normal saline can lead to
a hyperchloremic metabolic acidosis, the use of half-normal
saline (with bicarb) interspersed with normal saline has
come into favor. Several liters are expected to be infused
during the case, in order to maximize the vascular
fluid space. A blood volume >70 ml/kg is positively asso-
ciated with faster return to function of the transplanted
kidney [50].

Is there any contraindication to the use of diuretics
during transplantation?
Loop diuretics are commonly used to increase urine flow
through the transplanted kidney. Mannitol, as an osmotic
agent, improves renal blood flow (by increasing blood vol-
ume), and is associated with better outcomes in terms of
initiating renal function from the transplanted organ. The
only potential issue with diuretics would be in a patient who,
due to severe comorbid disease, could not achieve an
appropriate blood volume via crystalloid transfusion, and
entered a hypovolemic state. This is unlikely when dealing
with the urine volumes produced by a newly transplanted
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kidney, but can be seen in some cases where renal function
is immediately established [51, 52].

Is there any contraindication to the use of pressors
during transplantation?
Traditionally, use of any vasoactive with alpha-constrictor
properties has been discouraged. As with any transplanted
system, there is hesitation on the part of surgeons when
considering the use of these vascular constricting mediations
for fear of decreasing flow to the organ in question. Despite
this intrinsic fear, the literature suggests that there may not
be as significant of an impact in the use of low-dose
phenylephrine or ephedrine in kidney transplantation as
previously believed, and this question is still an ongoing
investigation [53, 54].

The surgeon asks for a low-dose dopamine infusion. Is
there any merit to requesting low-dose dopamine?
Low-dose dopamine (0.5–2.5 mcg/kg/min) is believed to
preferentially activate the dopamine (D1) receptors in renal
vascular beds, theoretically increasing blood flow to the
region, and thereby improving graft survival rates. However,
the merit of this practice has come into question, as multiple
studies have shown that there is no correlation between
low-dose dopamine and graft survival rates, possibly due to
the fact that a transplanted kidney does not respond to
dopamine in the same way as an endogenous kidney. There
is also a question of decreased long-term survival and other
negative side effects, which appear to correlate with patients
receiving low-dose dopamine infusions during their trans-
plant and subsequent hospital stay [55].

Should the post-transplant patient recover in the
PACU or the ICU?
The typical renal transplant should be extubatable following
the procedure and would not be a candidate for ICU level of
care unless they demonstrate signs of sepsis, fluid overload,
or other acute cardiopulmonary events. PACU staff should
be available to observe for signs of hyperacute graft rejection
or renal circulatory problems (pain out of proportion for
surgery and anuria), which can require immediate surgical
re-exploration.

The patient has severe hypertension in the PACU, with
a blood pressure of 230/115. What is a Goldblatt
kidney?
Goldblatt kidney, or nephrogenic hypertension, is a condi-
tion where the kidney is actively undergoing ischemia,
which it interprets as insufficient pressure (or flow), and
releases renin in order to increase blood pressure (and thus,
presumably, blood flow) [56]. The result is increased sys-
temic hypertension mediated via the renin-angiotensin sys-
tem. Although the pressure can be temporarily lowered with

vasodilators, the required treatment is relief of the renal
artery stricture. In a post-transplant patient, the most likely
cause is at the site of renal artery anastomosis, which may be
overly tightly sewn, clotted, or kinked. A surgical reexplo-
ration is warranted.

What are the options for postoperative pain relief?
Due to the size of the organ being implanted, kidney
transplantation is almost always performed as an open pro-
cedure. As such, the incision will require significant post-
operative pain management. Since the location is
retroperitoneal, and should not involve visceral manipulation
or peritoneal incision, the most significant pain source is the
incision itself. The most common pain management tech-
nique is the use of PCA analgesia with morphine or dilaudid.
Studies do show that epidural analgesia is superior for pain
management, but it continues to be a less commonly utilized
modality of management for these procedures. [44, 57, 58,
59]. NSAID use has been shown to be detrimental to patients
with renal disease, and is not typically utilized in renal
transplant pain management [60, 61]. Tylenol metabolism is
altered in patients with renal transplantation and its use may
also be best avoided or reduced [62].
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35Open Eye Injury

Alvaro Andres Macias

CASE:

77-year-old male presents to the emergency department with
a ruptured right eye after falling at home. He remembers
hitting the side of his face on the edge of a chair but denies
loss of consciousness.

Medications: Simvastatin 20 mg PO daily

Amlodipine/valsartan 1 tablet (10 mg/160 mg)
PO daily

Warfarin 5 mg PO daily

Aspirin 81 mg PO daily

Metoprolol 25 mg PO BID

Fluticasone propionate 88 μg inhaler

Apraclonidine hydrochloride 0.5% left eye
1–2 gtts BID

Allergies: NKDA

Past medical history:

Cardiac: Hypertension

Hypercholesterolemia

Atrial fibrillation

CHF with a dilated LV, s/p AICD placement 2
years ago

Pulmonary: Former smoker (1 ppd × 10 years, quit
15 years ago)

Mild COPD

ENT: Glaucoma in left eye

(continued)

Physical exam:

Vital signs: BP 130/98 HR 85 RR 16 SpO2: 98%
on room air

General: AAO × 3, c/o pain on right side of face

HEENT: Right eye: open wound with partial loss of ocular
contents. Visual acuity cannot be evaluated at the
moment

Bruising around right orbit, 2 cm laceration under
right eye, covered with dried blood

Cardiac: Irregularly irregular heart sounds, no murmurs

Lungs: Clear to auscultation and percussion, no wheezing

NPO status: Had lunch 2 h prior to arrival in emergency
department

Labs: Hematocrit: 40%

Glucose: 156 mg/dL

Potassium: 4.0 mg/dL

INR: 2.5

Introduction

Anesthetic management of patients presenting for urgent or
emergent eye surgery after penetrating eye injury can be chal-
lenging. There is a risk of extrusion of ocular contents if
intraocular pressure becomes elevated at any point during
anesthesia induction, maintenance or extubation. Patient
movement during the surgical procedure must be avoided at all
times for the same reason. Additional concerns include risk of
aspiration in patients with a full stomach, and the possibility of
associated traumatic injuries (e.g., orbital or cranial trauma).

According to 2002 statistics, there were about 262,000
product-related eye injuries managed in U.S. hospital
emergency departments. The highest number of injuries was
related to household (124,998), workplace (96,938), and
sports (35,633) [1]. A foreign body in the eye is the most
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common type of eye trauma, accounting for 35% of all eye
injuries. Open wounds and contusions each account for
about 25% of injuries, while the rest are burns. Nearly 35%
of eye injuries occur in patients ≤17 years old. Although eye
injury is not a significant cause of total blindness, it is the
most common cause of monocular blindness [2].

Surgery has been shown to preserve vision in up to 75%
of patients. The outcome is primarily related to the degree of
injury to the posterior segment of the globe [3]. A 2009
report showed that 40% of 109 eyes with penetrating injuries
or ruptured globes had a good outcome with surgical inter-
vention, achieving a final visual acuity score of 6/12 (20/40)
or better on the Snellen scale [4].

1. What is the normal intraocular pressure at rest, and
how does it change with blinking or squinting?

The normal intraocular pressure (IOP) is 10–20 mmHg.
The IOP changes depending on the production of aqueous
humor and external pressures applied to the eye. Regular
blinking can increase the IOP by 5–10 mmHg and forceful
blinking can increase the IOP up to 90 mmHg [5].

2. What physiologic or pathophysiologic factors can
change the IOP?

IOP has a diurnal variation and is more commonly ele-
vated in the mornings [6]. It also changes with posture; it
increases by 2–4 mmHg when lying supine. The Valsalva
maneuver can also have a significant effect increasing the
IOP up to 75–100 mmHg. Any extraocular pressure brings
the IOP higher initially (e.g., digital compression, orbital
mass, etc.) but then the IOP goes lower as the outflow of
aqueous humor increases. Penetrating trauma has a dual
effect; initially it causes the IOP to increase with the extrinsic
force on the globe, but then the IOP usually decreases as
there is loss of some intraocular contents to the exterior.

3. How is IOP affected by glaucoma?

Glaucoma is an optic neuropathy that is the result of a
combination of multiple factors, one of them being an
increase in IOP. However, some patients may develop “low
pressure glaucoma” (aka normal-tension glaucoma) wherein
the IOP measurement is normal, yet patients still manifest
damage to the optic nerve and gradual loss of sight. For this
reason, some have asserted that the definition of normal
range of IOP being 10–22 mmHg is rather subjective [7].

4. What are the most common causes of ocular trauma?

• A foreign body in the eye is the most common type of
eye trauma, accounting for 35% of all eye injuries [2].

• Open wounds and contusions each account for about
25% of injuries, while the rest are burns.

• Nearly, 35% of eye injuries occur in patients ≤17 years
old.

5. Should a patient with an open eye injury be brought
emergently to the operating room?

The recommendation is to repair and/or close the eye
within 24 h after the trauma has occurred to decrease the
chance of intraocular infection and other significant ocular
complications. A full ophthalmologic examination is
required to assess the magnitude of the damage to the eye-
ball and its contents [8]. However, factors such as the type of
trauma (penetrating or blunt) and the age of the patient have
an effect on the type of surgical repair and time window
required for treatment. Signs of motility restriction from
entrapment of tissues can lead to ischemia and fibrosis, so it
should be repaired within the next 48 h, ideally 24 h.
A primary repair is intended to reestablish integrity of the
globe, to permit resolution of ocular hypotony, and to protect
the eye globe against infection. Foreign bodies should be left
in place until surgical removal can be performed. The
rationale for this is that the foreign body may have a tam-
ponade effect that would decrease extrusion of vitreous
humor. If there is any prolapsed uveal tissue this should be
surgically replaced back into the eye except if it is necrotic
or contaminated. Any prolapsed vitreous should be identified
and removed. Involvement of the lens is an important risk
factor for endophthalmitis. If the lens capsule is breached, a
primary lensectomy is required [9]. In cases of perforating
lesions, it is rarely necessary to close the exit wound because
these are often self-sealing and do not typically represent a
portal for infection. The manipulation of the globe required
to gain access to the exit wound may actually increase the
risk of hemorrhage or prolapse of uveal tissue leading to
more complications.

6. What are the concerns in patients with ocular trauma
requiring anesthesia?

• The mechanism of eye trauma, and the possibility of
associated traumatic injuries or increased intracranial
pressure (e.g., orbital and/or skull fractures, subdural
hematoma, or intracranial trauma).
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• Level of consciousness (especially in cases of head
trauma).

• Findings of the eye exam performed by the ophthal-
mologist, including the size of any ocular perforation.
Larger defects have a greater chance of extrusion of
ocular contents.

• History of prior anesthetics, with particular attention
to any history of a difficult airway or nausea and
vomiting.

• Timing of last oral intake of fluids and/or solids.
• Standard issues noted in any preanesthetic consulta-

tion (e.g., allergies, medications, and past medical
history).

• Toxicology screen (if relevant to presentation).

7. What is the most common type of anesthesia used for
open globe procedures and why?

General anesthesia is the most common type of anesthesia
used. The main goal is to provide the patient with profound
analgesia, and to prevent coughing, retching, or vomiting, as
well as forceful blinking or crying, in order to avoid harmful
increases in intraocular pressure (IOP) [2]. In pediatric
patients, general anesthesia is the ideal technique. Regional
anesthesia is not recommended in pediatric patients that are
awake.

8. Can regional anesthesia be used for ruptured eye
surgery?

Although controversial, there are case reports of using
regional anesthesia for ruptured eye surgery. It can be used
in very specific cases such as in patients with a potentially
difficult airway, or in situations where the likelihood of
salvaging vision is low, making concerns regarding increa-
ses in IOP less paramount. There are case reports describing
successful use of regional ophthalmic blocks after selected
types of traumatic eye injury (e.g., for intraocular foreign
body removal or repair of dehiscence of a previous surgical
wound) [10]. If the wound is in the anterior segment of the
eye and relatively small, a regional block is more likely to
succeed.

The use of local anesthesia for these cases is not indicated.
These patients have other comorbidities and risk factors that
preclude them from being good candidates for this type of
anesthesia. Pain control and immobility is the key for surgical
repair. These procedures tend to be lengthy and keeping a
patient immobile for more than 2 h can be a challenge. As
previously mentioned, the frequent presence of a full stomach
makes these patients poor candidates for sedation.

9. What kind of precautions should be taken in patients
on anticoagulants and/or antiplatelet agents where
regional anesthesia is considered?

For cataract surgery patients at a high risk of clotting and
embolic complications due to cardiac or vascular pathology,
administration of therapeutic doses of aspirin and warfarin are
continued throughout the perioperative period. One large
retrospective study noted no higher incidence of sight-
threatening bleeding complications after regional anesthesia
(e.g., eye block) in patients taking aspirin, warfarin (INR as
high as 4.6), or clopidogrel up until the time of cataract sur-
gery, compared with those who discontinued the therapy [11].

However, limited data is available regarding the risk of
bleeding during cataract surgery in patients receiving dual
antiplatelet therapy (e.g., aspirin plus clopidogrel) [12]. Dual
antiplatelet therapy is often used after placement of a
drug-eluting stent, and fatal stent clotting may develop if
antiplatelet medications are prematurely stopped. In these
cases, we suggest delaying eye surgery, if possible, until
after the minimum period recommended for daily adminis-
tration of dual antiplatelet therapy or perform these cases
under topical anesthesia.

Regarding the newer anticoagulants, there is not enough
evidence to make any kind of recommendations at the
moment.

10. Are there any preoperative laboratory studies nee-
ded in preparation for urgent or emergent eye
surgery?

By way of comparison, routine preoperative testing is not
required before elective cataract surgery as it does not improve
outcomes or decrease the number of complications [13].
Preoperative testing before emergent or urgent eye surgery is
based on the patient’s past medical history and current
comorbidities. For patients on warfarin an INR is recom-
mended. However, the cutoff for ophthalmic regional anes-
thesia is controversial. For the newest anticoagulants, there is
not enough experience to date to offer firm recommendations
regarding safety of regional anesthesia or surgery. However,
as previously mentioned, regional anesthesia is rarely the
preferred technique in patients with ocular trauma.

11. What are the recommendations for managing pace-
makers and AICDs during elective and emergent eye
surgery?

Currently, the recommendation is to leave the AICD
active with a magnet available in the room. The use of
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electrocautery during eye surgery is extremely low. A survey
conducted by the Ophthalmic Anesthesia Society showed
that 83% of members left the AICDs active when only
bipolar electrocautery was used with no reports of AICD
malfunction or discharge [14]. It is always important to
mention to the surgeon that an active AICD can fire if a
triggering arrhythmia occurs, and that this may cause patient
movement. There is typically a delay of between 4 and 15 s
from the time of arrhythmia detection and patient movement
from the discharge of the device.

12. What is the oculocardiac reflex (OCR) and its most
common manifestations?

Aschner and Dagnini first reported the OCR in 1908 [15].
Afterwards, some isolated reports appeared in the literature.
In 1956, Sorenson and Gilmore reported a case of cardiac
arrest in a patient who had one of his ocular rectus muscles
retracted [16]. In 1958, Kirsch reported a case of fatal car-
diac arrest after manipulation of the extraocular muscles
[17]. The incidence is variable, but the number of cases of
cardiac arrest during eye surgery is reported as high as 1 in
3500 anesthetics [17].

How is it defined?

• C. Yi and D. Jee defined OCR as >10% decrease in HR
or occurrence of any arrhythmia induced by traction
during single muscle surgery of recession–resection type
performed on one extraocular muscle (EOM) [18].

How does it present?

• Most commonly there is decrease in pulse rate associated
with traction applied to extraocular muscles and/or
compression of the eyeball, pinching of the conjunctiva
with forceps, intraorbital injection of local anesthetics,
and postoperative pressure on the bandage.

• It generally presents with bradycardia, junctional rhythm,
asystole, and very rarely death.

Who is at higher risk?

• It is more common in children (90% under 15) and
young adults and more common during general versus
regional anesthesia. Interestingly enough, there is some
evidence showing that a BIS <50 lowers the incidence
[18].

What factors can accentuate the presentation of the OCR?

• Hypoxia and hypercarbia may contribute to the severity
of the OCR by rapidly converting bradycardia to cardiac

arrest, or may increase the sensitivity of the patient to the
reflex.

Name the structures involved in the OCR:

• Long ciliary nerve and short ciliary nerve
• Ciliary ganglion
• Geniculate ganglion
• Fifth cranial nerve

1. main sensory nucleus of the trigeminal nerve
2. short internuncial fibers in the reticular formation
3. motor nucleus of the vagus nerve.

• Vagus Nerve

Is it possible to effectively prevent the occurrence of the
OCR?

• Neither IM nor IV atropine is entirely effective in abol-
ishing or preventing the occurrence of the oculocardiac
reflex.

• A study by Bosomworth and associates used IV atropine
prophylactically in 17 patients after induction of anes-
thesia and just prior to operation [19]. The atropine dose
selected was one-half that (0.1–0.4 mg) used for
premedication. They showed that during the first half an
hour of operation, only one patient in the atropine group
developed a change of cardiac rhythm (bradycardia)
during eye muscle traction. When the duration of surgery
extended beyond 30 min, 4/17 patients developed
arrhythmias.

What is the treatment?

• Removal of the inciting stimulus is always indicated. Once
the reflex does occur, IV atropine is the most favored
therapeutic agent; usually 0.2–1 mg IV is adequate. It is
important to remember that since vagal tone appears to
vary with age, even large doses of atropine may fail to
accelerate the slowed heart in infants and geriatric patients.

13. What kind of anxiolytics can be used?

Benzodiazepines are usually used, as they do not increase
IOP [20]. In patients whose respiratory drive is compro-
mised, sleep apnea patients or in patients with associated
intoxication (alcohol, opiates), benzodiazepines should be
avoided altogether or used with caution as they can induce
respiratory depression leading to CO2 retention and sec-
ondary increase in IOP.

Dexmedetomidine in doses of 0.6 µg/kg IV over 10 min
prior to induction has shown to prevent significant increases
of IOP when succinylcholine is used [21].
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14. What is the optimal strategy for aspiration prophy-
laxis when an RSI is used for open globe procedures?

Metoclopramide can be used to increase peristalsis and
enhance gastric emptying although its use as part of RSI is
controversial. It is also important to remember the potential
side effects of this medication including dyskinesia and
extrapyramidal symptoms [5].

Sodium citrate may be the most effective prophylaxis
against chemical pneumonitis as it immediately decreases
gastric acidity. Caution must be taken due to its sour taste
triggering nausea and vomiting. These are untoward side
effects that will elevate IOP [22].

Avoid emptying the stomach with an orogastric or
nasogastric tube as it may cause more injury locally (espe-
cially nasopharyngeal a nasogastric tube). Attempting to
place any kind of tube may lead to coughing, gagging or
similar responses that will increase the IOP and potentially
lead to extrusion of the ocular contents.

15. What should be your plan for induction of anesthe-
sia? What type of muscle relaxant should you use?
Why?

Rapid-sequence induction (RSI) technique with suc-
cinylcholine is the most commonly and preferred technique
used as many of these patients present with a full stomach.

Succinylcholine 1.5 mg/kg offers the best intubating
conditions, and has the shortest duration of action, but
increases the IOP temporarily. It is clear that an adequate
dose of the selected anesthetic induction agent (e.g.,
propofol 1.5–2.5 mg/kg) [23] should be used to minimize
the chances of clinically significant increases in IOP. There
are no published reports of extrusion of ocular contents after
administration of succinylcholine in this manner [24, 25].

If RSI is indicated but the use of succinylcholine is
contraindicated (e.g., hyperkalemia, malignant hyperthermia
risk, neuromuscular disorder or prolonged immobility) a
non-depolarizing muscle relaxant such as rocuronium is
recommended. A standard intubating dose of rocuronium is
0.6 mg/kg; however, for RSI using rocuronium a dose of
1.2 mg/kg is used. This higher dose has the advantage of
relatively rapid onset of action (and may offer the same
excellent intubation conditions as a dose of 1.5 mg/kg of
succinylcholine) without causing a significant increase in
IOP. One potential disadvantage is that the onset of action is
90–140 s [26]. which, when compared to succinylcholine,
means there is a slight increase in the amount of time that the
airway is unprotected and therefore putting the patient at risk
o aspiration. Another potential disadvantage of using higher
dose rocuronium is the prolonged duration of action and
time to return of adequate muscle function for reversal

agents to be given. Sugammadex is a medication which has
the ability to encapsulate and inactivate rocuronium and
vecuronium, thereby addressing the issue of their duration of
action.

16. What induction agent could be used in this case?

With the exception of ketamine, virtually all induction
agents (including inhaled anesthetics, hypnotics, and opi-
oids) lower ICP [5] and would therefore be suitable choices
for induction of anesthesia for open globe procedures.

Ketamine is generally avoided because it may cause
nystagmus and blepharospasm [5]. Additionally, there is
controversy regarding whether ketamine increases IOP.

A reasonable induction sequence is an anesthetic induction
agent (e.g., propofol 1.5–2.5 mg/kg IV), preceded by an
opioid (e.g., fentanyl 1–2 µg/kg or remifentanil 1–1.5 µg/kg
IV) and a muscle relaxant (see muscle relaxant section). Also,
1.0–1.5 mg/kg lidocaine may be administered 2 min before
induction to attenuate the increase of IOP caused by laryn-
goscopy [27]. Doses of the anesthetic induction agent, opioid,
and lidocaine are commonly reduced in elderly patients (e.g.,
propofol may be reduced to as little as 0.5–1.5 mg/kg).

Etomidate is less often used in this setting because it may
induce myoclonus (i.e., skeletal muscle movement) severe
enough to increase IOP and may increase secretions, even
though it otherwise induces a significant reduction in IOP
[28]. If etomidate is selected for induction of anesthesia,
myoclonus may be decreased or eliminated by administra-
tion of a benzodiazepine (e.g., midazolam 1–2 mg), opioid
(e.g., fentanyl 1–2 µg/kg), and muscle relaxant [29].

17. How would you maintain anesthesia in this patient?

A deep plane of anesthesia is maintained during oph-
thalmologic surgery, in order to prevent movement or
coughing. This can be accomplished with either a potent
inhaled anesthetic or a total intravenous anesthetic technique
and the use of muscle relaxants.

Inhaled anesthetics beneficially decrease the production
and increase the outflow of aqueous humor, decrease
extraocular tension, and lower arterial blood pressure,
thereby lowering IOP. In this regard, a total intravenous
anesthetic (TIVA) technique is at least as effective in
accomplishing a reduction in IOP as an inhalational anes-
thetic technique [23]. Hybrid techniques (e.g., remifentanil
infusion 0.5–2 µg/kg plus an inhaled anesthetic) have also
been used with good success.

When the patient is deemed to be at extremely high risk
for postoperative nausea and vomiting, TIVA with propofol
may be selected, in conjunction with multimodal antiemetic
therapy.
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18. How would you extubate this patient?

Extubation of the trachea should be accomplished before
there is a tendency to cough. The administration of intra-
venous lidocaine, 1–2 mg/kg IV, before extubation of the
trachea may be helpful in attenuating coughing, but may
prolong awakening due to the sedative side effects of
intravenous local anesthesia. A smooth extubation is always
recommended. However, a deep extubation is not recom-
mended in cases of full stomach, difficult airway, or in
patients with associated injuries that may affect the airway.

19. How would you manage pain after surgery?

Pain after eye trauma can be managed with a multimodal
approach. Usually opioids, NSAIDS and acetaminophen can
be used. Depending on how much damage the eye has
suffered and on the kind of surgery performed, an eye block
can be done by the surgeon at the end of the case while the
patient is still under general anesthesia. It is important to
understand that performing a regional technique while the
patient is still anesthetized poses an extra challenge for the
surgeon or the anesthesiologist performing the block, as
feedback from the patient is lost.

20. What kind of antibiotic regimen is adequate coverage
for open globe procedures?

Over time, prophylactic antibiotic regimens have been
refined to manage potential infections, and these have
improved the probability of functional success with surgical
intervention [30].

Recommended antibiotic regimens are as follows [31]:

• Intravitreal vancomycin: 1 mg/0.1 mL in 1 cc syringe.
• Intravitreal ceftazidime: 2.25 mg/0.1 mL in 1 cc syringe.
• PCN Allergy: Intravitreal gentamicin: 100 µg/0.1 mL in

1 cc syringe or amikacin 200–400 µg/0.1 mL in 1 cc
syringe.

• Suspect Bacillus cereus: Intravitreal clindamycin:
0.5 mg/0.1 mL (optional). All B. cereus is sensitive to
Vancomycin.

• Suspect fungus: Intravitreal Amphotericin B: 5–
10 µg/0.1 mL.

21. In terms of regaining useful sight, what is the out-
come data for these patients who have sustained an
open globe injury?

The patient’s level of light perception in the affected eye
immediately after the injury can be used as a general pre-
dictor of outcome. In cases where patients were lacking any

light perception in the traumatized eye, the U.S. Eye Injury
Register reported that 16% improved and 2% even achieved
20/40 or better visual acuity. Among patients who still had
light perception after their injury, 69% improved with sur-
gery with 19% achieving normal visual acuity [29].

22. Are there specific considerations in pediatric patients
presenting with penetrating ocular trauma?

It is recommended that attempts to gain intravenous
access prior to inducing anesthesia should be avoided, as this
will agitate the pediatric patient and could lead to significant
increases in IOP. Ideally, these patients should be induced
via mask using an inhalational agent. IV placement should
follow after induction. NPO guidelines should be followed
in patients who are not fasted if the surgical team agrees with
the waiting time needed [29].
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36Anesthesia for Tympanomastoidectomy

Martha R. Cordoba Amorocho

24-year-old female with hearing loss due to cholesteatoma
presents for right tympanomastoidectomy.

Medications: inhaler 2 puffs q4h PRN (last used 3 months
ago)

lorazepam 2mg PO q6h PRN anxiety

Allergies: NKDA

Past Medical
History:

Asthma and panic attacks

Past Surgical
History:

Appendectomy 3 yrs ago, with PONV

Ob/Gyn: Last menstrual period 2 weeks ago

Physical
examination:

VS: 5’5”, 156 lbs

HR 82, BP 120/64, RR 10, O2 sat 99% on
room air

HEENT: normocephalic, PERRLA,
oropharynx WNL

CV: Regular rate and rhythm, no murmurs

Pulm: CTA B/L

Airway assessment:: Mallampati I

normal mouth opening

adequate neck range of motion

Otherwise unremarkable

1. What are the important considerations for this
patient’s preoperative assessment?

The preoperative evaluation of patients undergoing tympa-
nomastoidectomy does not differ much from other day surgery
ENT cases. These are usually elective surgeries, with limited
blood loss and fluid shifts. Acute mastoiditis unresponsive to

intravenous antibiotics is an exception that may require urgent
or emergent surgery, given the potential for complications such
as facial palsy, sepsis, or intracranial infection [1].

It is important to evaluate the patient’s risk for PONV and
tailor the anesthetic plan accordingly. As the patient’s head
will be rotated during the procedure, it is important to
establish a tolerable range of neck motion with the patient in
the awake state, so as to avoid potential neck injuries
resulting from patient positioning after the patient is under
general anesthesia.

As best as can be predicted from the preoperative eval-
uation, some assessment should be made regarding the
patient’s ability to safely tolerate mild/moderate decreases in
blood pressure (in cases where deliberate hypotension is
being considered) or the effects of epinephrine contained in
the local anesthetics.

Common symptoms of ear disorders include hearing loss,
vertigo, and nausea. Due to these symptoms, patients may be
uncomfortable before the surgery. If the patient uses a
hearing aid, efforts should be made to allow for its use for as
long as possible before induction, and to replace the device
(s), if possible, during emergence to facilitate communica-
tion and minimize anxiety [2].

2. The patient has been reading about risks of general
anesthesia, and she is strongly interested in having
her surgery done under sedation. What do you say to
her?

The majority of tympanomastoidectomies are performed
under general anesthesia because of the discomfort of the
procedure as well as the risk of a poor outcome if the patient
were to move during the case. However, these procedures
can also be performed under MAC and local anesthesia, and
be well-tolerated by the patient with minimum discomfort
[3]. For improved success, it is necessary that the hospital,
anesthesiologists and surgeons have sufficient experience
performing these surgeries under sedation.
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Adequate sedation and analgesia can be accomplished
with different medications. Dexmedetomidine seems to be
comparable to midazolam-fentanyl for sedation and analge-
sia in tympanoplasty [4]. Propofol can also be used for
sedation in these cases [5].

It is crucial to select patients carefully for MAC. Ideally
they should not be obese, not be at increased risk for aspi-
ration, not have history of claustrophobia or panic attacks
and have a reassuring airway. Patients should be made aware
of what to expect during the procedure, such as operating
room noise, and what would be expected from them, such as
stillness and tolerance of relatively awake state. For the
patient in this case example, her history of panic attacks
makes the option of MAC less appealing for all involved.

3. Why is local anesthetic infiltration by the surgeon
important for the anesthesiologist?

Injection of lidocaine with epinephrine is performed by the
surgeon at the beginning of the case. Local anesthetic injection
can rarely cause transient facial nerve palsy [6]. This paralysis
can be distressing for the patient under sedation, or if still
present while recovering after general anesthesia.

Systemic absorption of epinephrine can produce hemo-
dynamic instability with hypertension or cardiac arrhyth-
mias. Anesthesiologists typically try to allow blood pressure
and heart rate to return to normal levels without treatment,
but a severe or acute episode may require direct vasodilator
agents or alpha-antagonist as the preferred treatments.

4. What are some specific intraoperative considerations
for tympanomastoidectomy?

Some issues are particularly relevant while caring for a
patient undergoing middle ear surgery. These include
attention to patient positioning, use of a surgical microscope
requiring a bloodless surgical field, use or avoidance of
nitrous oxide, implications of facial nerve monitoring and
preservation, need for smooth emergence, and PONV pre-
vention and treatment.

5. What precautions should be taken regarding patient
positioning for these cases?

During surgery, the head of the surgical bed and the
patient’s airway is usually turned 90 or 180° away from the
anesthesiologist. Proper preparation is required in order to
keep the patient safe while the table is rotated and after-
wards. It is critical to adequately secure the ETT or LMA, to
position the monitor cables in a way that avoid tangles and
disconnections, and to have make sure the anesthesia circuit
tubing and intravenous lines of sufficient length.

Also, for this surgery, the patient’s head and neck will be
extended and rotated away from the surgical side, with the
operative ear up. Excessive pressure in the dependent ear
and eye should be avoided, as well as any extreme positions
that could produce cervical nerve injury. The patients should
be safely secured to the table to prevent falls, as the surgical
beds are often tilted dramatically during these cases.

6. Why does the use of a surgical microscope matter for
this procedure, and how does this affect your anes-
thetic technique?

The surgeon operates with a microscope and while these
procedures have very minimal blood loss, any bleeding
appears magnified and obstructs visualization of the surgical
field. Controlled hypotension is frequently used to achieve a
bloodless operative field, which is needed for a successful
tympanomastoidectomy. This can be achieved either using
inhalational anesthetics or total intravenous anesthesia
technique (TIVA).

It seems reasonable to aim for a mild to moderate (15–
20%) reduction in blood pressure, avoiding any profound
hypotension (MAP <60–65). Hypotension carries the risk of
increased morbidity and mortality due to ischemic organ
failure. A cardiovascular evaluation should consider the
ability of the patient to tolerate mild hypotension, and pre-
clude the use of controlled hypotension in certain patients
who have significant carotid stenosis or coronary artery
disease.

Several different agents have been used successfully to
provide controlled hypotension for middle ear surgery,
including clonidine [7], esmolol [8], nitroprusside [9],
magnesium sulfate [10] and remifentanil. Remifentanil
infusion, added to propofol or an inhaled anesthesia, is
currently preferred in clinical practice, as it provides good
surgical conditions without the side effects of cardiovascular
hypotensive agents [11]. Remifentanil also decreases patient
movement during surgery and results in a more rapid
emergence at the end of the case. Dexmedetomidine could
be helpful; however research regarding its use for tympa-
nomastoidectomy is still limited [12, 13].

Regarding the choice of the inhaled agent used for
maintenance of the anesthesia, sevoflurane [14], isoflurane,
and desflurane [15], all enable acceptable surgical conditions
and hypotension for middle ear surgeries.

7. Are there any issues with the use of nitrous oxide
during these cases?

The middle ear cavity is filled with air and is
non-distensible. Nitrous oxide is more soluble than nitrogen
in blood, as a result, when nitrous oxide is used, it can move
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more quickly into the middle ear than nitrogen can be dis-
placed, potentially producing a pressure increase in the
middle ear. The opposite happens once nitrous oxide is
discontinued, with negative pressure in the middle ear as
nitrous oxide diffuses into the blood. These mechanical
effects can cause tympanic membrane rupture and interfere
with maintenance of the position of graft material and/or of
ossicular reconstruction prostheses.

Additionally, there are concerns about the potential for
nitrous oxide causing an increase in the patient’s risk of
developing PONV. Barometric changes in the middle ear
produced by nitrous oxide may even be the cause for an
increase in PONV in these surgeries [16].

The lack of any clear benefit derived from the use of
nitrous oxide, combined with the above mentioned draw-
backs, suggest avoiding it during tympanomastoidectomy;
but if used, it should be discontinued at least 30 min before
the tympanoplasty or ossiculoplasty in order to allow
re-equilibration of the middle ear cavity.

8. How does facial nerve monitoring affect your anes-
thesia plan?

Injury to the facial nerve is a concern during tympa-
nomastoidectomy. Hence, facial nerve electromyography
monitoring (FNM) is used during these procedures. FNM
electrodes are placed into the ipsilateral orbicularis oris and
orbicularis oculi muscles, with ground electrodes placed in
the neck or chest.

Muscle relaxant agents are contraindicated during the
maintenance of the anesthetic, as injury to the facial nerve
can occur anywhere along its course and if the patient is
paralyzed this injury may go unrecognized. However suc-
cinylcholine can be used to facilitate intubation during
induction. Some practitioners prefer to intubate without any
muscle relaxant at all; using only propofol and remifentanil.
If a muscle relaxant is used during intubation, return of
neuromuscular function should be verified [17] (to rule out
pseudocholinesterase deficiency) before surgery can pro-
ceed. As the patient is not paralyzed, the surgeon should
communicate clearly before any painful stimulation.

Remifentanil can be added to an inhaled anesthetic or
TIVA with propofol to decrease the chance of patient
movement. If remifentanil is used vigilance is required, as
always during anesthesia. While mild controlled hypoten-
sion is adequate, profound bradycardia or severe hypoten-
sion can occur when adding remifentanil, as
tympanomastoidectomy is not a very painful procedure. If
bradycardia occurs, glycopyrrolate, atropine, ephedrine, or
epinephrine can be given, as needed, but sometimes it may
be necessary to simply discontinue the use of remifentanil.

9. What do you plan to use to secure the airway for this
patient; an ETT or a LMA?

Most of the considerations, whether to use a LMA or not
for tympanomastoidectomy, are similar to any other surgical
procedure. The LMA has been determined to be a safe
alternative to the ETT, with no evidence of increased airway
complications [18, 19]. Also, the choice of airway device
does not seem to influence middle ear pressure with or
without nitrous oxide use [20].

Some anesthesiologists prefer an LMA, as it can be
reliably placed without the use of muscle relaxants, and can
be removed at the end of the case with less stimulation,
facilitating a smooth emergence. However, considering the
fact that the airway will likely be away from the anesthesi-
ologist during the case, many prefer to use an ETT.

10. What is your plan for emergence of anesthesia?

Maintaining a steady pressure in the middle ear and
avoiding postoperative bleeding are crucial for surgical
success during tympanomastoidectomy. Hence, it is impor-
tant to prevent coughing and bucking during emergence, if
possible. However, there are no guaranteed techniques to
achieve these results.

The anesthesia provider can choose to remove the ETT
when the patient is awake, or while the patient is still deeply
anesthetized.

Awake extubation is generally believed to be a safe tech-
nique, as it occurs after the return of the protective airway
reflexes. However, it can be accompanied by a significant
incidence of coughing, bucking, and even laryngospasm.
Alternatively, anesthesiologists prefer to use a LMA for these
cases, as removing it once the patient is awake at the end of the
case, is usually smoother than removing an ETT.

Close communication with the surgeon is necessary for a
smooth awake extubation. The surgeon should be able to
anticipate the end time for the procedure; this allows the
anesthesiologist to titrate the medications adequately. The
surgeon should be gentle while cleaning the surgical area
after the procedure and while applying the mastoid dressing,
in order to decrease the chance of stimulating a patient who
may be “light” but not ready for extubation.

The advantage of deep extubation is the belief that it can
produce a smoother emergence than awake extubation.
However, deep extubation leaves the airway unprotected. If
deep extubation is performed, careful consideration should
be given to patient selection. Patients at risk for aspiration,
airway obstruction (e.g., OSA), postoperative respiratory
depression or patients with difficult airway (known or sus-
pected) should likely be excluded.
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If a deep extubation is attempted, it is reasonable and safe
to do so in the operating room, and wait for the patient to
emerge from anesthesia in the room, while continuing
standard monitoring. The anesthesia provider should be
ready to manage any possible post-extubation airway com-
plication, such as laryngospasm.

11. How significant is the role of PONV and how would
you manage it?

The incidence of PONV following otologic surgery is
high, between 50–80% [21]. This can be a result of the
anesthesia itself and probably also from direct manipulation
of the middle ear structures, and indirect disturbance of the
inner ear structures.

Treating and preventing PONV is crucial for improving
the patient’s experience, as nausea and vomiting can be more
distressing than pain. Also, any retching and vomiting can
cause changes in the pressure gradient of the middle ear and
interfere with healing of the surgical site. Persistent vertigo,
nausea, and vomiting may require hospital admission and
even prolonged hospitalization.

The likelihood of PONV in a given patient will further
increase if other risks factors are identified. These additional
risks factors are female gender (from puberty), nonsmoking
status, history of PONV or motion sickness, childhood (after
infancy or younger adulthood), duration of surgery (each
3-minute increase in duration increases PONV risk by
approximately 60%), and administration of nitrous oxide,
volatile anesthetics or postoperative opioids [22].

As the incidence of PONV for these procedures is high, it
seems reasonable to routinely offer prophylaxis to all
patients, unless specific contraindications exist. Different
antiemetic medications are available, whose selection will
depend on the time of their administration, their potential
side effects and contraindications.

Serotonin receptors antagonists, such as ondansetron, are
customarily given at the end of the surgery, and the pos-
sible side effects are increase in liver enzymes, QT pro-
longation, constipation, and headache. Dexamethasone is
administered shortly after the induction of anesthesia.
Droperidol is given at the end of the surgery; however has
an FDA issued black box warning of possible death and
life-threatening QT prolongation or torsades de pointes.
Transdermal scopolamine is applied at least 4 h before the
end of the surgery. Promethazine and prochlorperazine are
administered at the end of surgery. Scopolamine, promet-
hazine, and prochlorperazine can cause sedation, dry
mouth, and dizziness. The antihistamines diphenhydramine,
and hydroxyzine may also be effective and are used as
rescue medications, however they may also cause sedation
[23].

Transdermal scopolamine [24, 25], midazolam [26],
dexamethasone [27, 28], prochlorperazine [29], and ondan-
setron [30], as single-dose medications, have been proven to
decrease the incidence of PONV after middle ear surgery.

Multimodal antiemetic therapy, as opposed to
single-agent therapy, has been shown to work better. The
granisetron-dexamethasone [31] and dexamethasone-
midazolam [32] combinations have shown to be effective
for these procedures.

A technique that includes use of propofol should be con-
sidered on patients at high risk of PONV undergoing middle
ear surgery. Patients receiving propofol, compared with iso-
flurane, had significantly less nausea and vomiting [33]. This
continues to be of benefit even while remifentanil is added.
TIVA with propofol and remifentanil was characterized by
lower incidence and severity of PONV when compared with
sevoflurane and remifentanil [34]. Even when cost is a con-
cern, a mixed technique combining inhaled anesthesia with a
propofol infusion deserves consideration, as recovery during
the first 24 h after surgery seems to be associated with a lower
incidence of PONV [35].

A peripheral nerve block of the great auricular nerve
(GAN) performed by the surgeon after induction of general
anesthesia decreased the incidence of PONV, compared with
the use of intravenous morphine [36]. The surgeon should
consider using local anesthesia, not just for cases performed
under MAC, but also for surgeries done under general
anesthesia.

References

1. Levine AI, Govindaraj S, DeMaria JS, Gooden C, Chan-
drasekhar S. Otologic surgery anesthesiology and otolaryngology.
New York: Springer; 2012 (pp. 173–182).

2. Liang S, Irwin MG. Review of anesthesia for middle ear surgery.
Anesthesiol Clin. 2010;28(3):519–28.

3. Sarmento KMDA Jr, Tomita S. Retroauricular tympanoplasty and
tympanomastoidectomy under local anesthesia and sedation. Acta
Otolaryngol. 2009;129(7):726–8.

4. Parikh DA, Kolli SN, Karnik HS, Lele SS, Tendolkar BA.
A prospective randomized double-blind study comparing
dexmedetomidine vs. combination of midazolam-fentanyl for
tympanoplasty surgery under monitored anesthesia care. J Anaes-
thesiol Clin Pharmacol. 2013;29(2):173–8.

5. Thota RS, Ambardekar M, Likhate P. Conscious sedation for
middle ear surgeries: a comparison between fentanyl-propofol and
fentanyl-midazolam infusion. Saudi J Anaesthesia. 2015;9(2):117–
21.

6. Caner G, Olgun L, Gültekin G, Aydar L. Local anesthesia for
middle ear surgery. Otolaryngol-Head Neck Sur. 2005;133
(2):295–7.

7. Marchal JM, Gómez-Luque A, Martos-Crespo F, Sanchez De La
Cuesta F, Martínez-López MC, Delgado-Martinez AD. Clonidine
decreases intraoperative bleeding in middle ear microsurgery. Acta
Anaesthesiol Scand. 2001;45(5):627–33.

284 M.R. Cordoba Amorocho



8. Celebi N, Artukoglu F, Dal D, Saricaoglu F, Celiker V, Aypar U.
Effect of hypotensive anesthesia on cognitive functions. A com-
parison of esmolol and remifentanil during tympanoplasty. Saudi
Med J. 2007;28(9):1357–61.

9. Degoute CS, Ray MJ, Manchon M, Dubreuil C, Banssillon V.
Remifentanil and controlled hypotension; comparison with nitro-
prusside or esmolol during tympanoplasty. Can J Anaesth.
2001;48(1):20–7.

10. Ryu JH, Sohn IS, Do SH. Controlled hypotension for middle ear
surgery: a comparison between remifentanil and magnesium
sulphate. Br J Anaesth. 2009;103(4):490–5.

11. Degoute CS, Ray MJ, Gueugniaud PY, Dubreuil C. Remifentanil
induces consistent and sustained controlled hypotension in chil-
dren during middle ear surgery. Can J Anaesth. 2003;50(3):270–6.

12. Ayoglu H, Yapakci O, Ugur MB, Uzun L, Altunkaya H, Ozer Y,
Ozkocak I. Effectiveness of dexmedetomidine in reducing bleeding
during septoplasty and tympanoplasty operations. J Clin Anesth.
2008;20(6):437–41.

13. Richa F, Yazigi A, Sleilaty G, Yazbeck P. Comparison between
dexmedetomidine and remifentanil for controlled hypotension
during tympanoplasty. Eur J Anaesthesiol. 2008;25(05):369–74.

14. Jellish WS, Owen K, Edelstein S, Fluder E, Leonetti JP. Standard
anesthetic technique for middle ear surgical procedures: a
comparison of desflurane and sevoflurane. Otolaryngol-Head Neck
Sur. 2005;133(2):269–74.

15. Kaygusuz K, Yildirim A, Kol IO, Gursoy S, Mimaroglu C.
Hypotensive anaesthesia with remifentanil combined with desflur-
ane or isoflurane in tympanoplasty or endoscopic sinus surgery: a
randomised, controlled trial. J Laryngol Otol. 2008;122(07):691–5.

16. Nader ND, Simpson G, Reedy RL. Middle ear pressure changes
after nitrous oxide anesthesia and its effect on postoperative nausea
and vomiting. Laryngoscope. 2004;114(5):883–6.

17. Cai YR, Xu J, Chen LH, Chi FL. Electromyographic monitoring of
facial nerve under different levels of neuromuscular blockade
during middle ear microsurgery. Chin Med J. 2009;122(3):311–4.

18. Taheri A, Hajimohamadi F, Soltanghoraee H, Moin A. Compli-
cations of using laryngeal mask airway during anaesthesia in
patients undergoing major ear surgery. Acta Otorhinolaryngol Ital.
2009;29(3):151–5.

19. Ayala MA, Sanderson A, Marks R, Hoffer M, Balough B.
Laryngeal mask airway use in otologic surgery. Otol Neurotol.
2009;30(5):599–601.

20. Hohlrieder M, Keller C, Brimacombe J, Eschertzhuber S, Luck-
ner G, Abraham I, von Goedecke A. Middle ear pressure changes
during anesthesia with or without nitrous oxide are similar among
airway devices. Anesth Analg. 2006;102(1):319–21.

21. Fujii Y. Clinical strategies for preventing postoperative nausea and
vomiting after middle ear surgery in adult patients. Current Drug
Safety. 2008;3(3):230–9.

22. Gan TJ. Risk factors for postoperative nausea and vomiting.
Anesth Analg. 2006;102(6):1884–98.

23. Gan TJ, Meyer T, Apfel CC, Chung F, Davis PJ, Eubanks S,
Watcha M. Consensus guidelines for managing postoperative
nausea and vomiting. Anesth Analg. 2003;97(1):62–71.

24. Honkavaara P, Saarnivaara L, Klemola UM. Prevention of nausea
and vomiting with transdermal hyoscine in adults after middle ear
surgery during general anaesthesia. Br J Anaesth. 1994;73(6):
763–6.

25. Reinhart DJ, Klein KW, Schroff E. Transdermal scopolamine for
the reduction of postoperative nausea in outpatient ear surgery: a
double-blind, randomized study. Anesth Analg. 1994;79(2):281–4.

26. Jung JS, Park JS, Kim SO, Lim DG, Park SS, Kwak KH, et al.
Prophylactic antiemetic effect of midazolam after middle ear
surgery. Otolaryngol-Head Neck Sur. 2007;137(5):753–6.

27. Ahn JH, Kim MR, Kim KH. Effect of iv dexamethasone on
postoperative dizziness, nausea and pain during canal wall-up
mastoidectomy. Acta Otolaryngol. 2005;125(11):1176–9.

28. Liu YH, Li MJ, Wang PC, Ho ST, Chang CF, Ho CM,
Wang JJ. Use of dexamethasone on the prophylaxis of nausea
and vomiting after tympanomastoid surgery. Laryngoscope.
2001;111(7):1271–4.

29. Van Den Berg AA. A comparison of ondansetron and prochlor-
perazine for the prevention of nausea and vomiting after
tympanoplasty. Can J Anaesth. 1996;43(9):939–45.

30. Ku PK, Tong MC, Lo P, van Hasselt CA. Efficacy of ondansetron
for prevention of postoperative nausea and vomiting after outpa-
tient ear surgery under local anesthesia. Otol Neurotol. 2000;21
(1):24–7.

31. Gombar S, Kaur J, Kumar Gombar K, Dass A, Singh A. Superior
anti-emetic efficacy of granisetron–dexamethasone combination in
children undergoing middle ear surgery. Acta Anaesthesiol Scand.
2007;51(5):621–4.

32. Yeo J, Jung J, Ryu T, Jeon YH, Kim S, Baek W. Antiemetic
efficacy of dexamethasone combined with midazolam after middle
ear surgery. Otolaryngol-Head Neck Sur. 2009;141(6):684–8.

33. Jellish WS, Leonetti JP, Murdoch JR, Fowles S. Propofol-based
anesthesia as compared with standard anesthetic techniques for
middle ear surgery. Otolaryngol-Head Neck Sur. 1995;112(2):
262–7.

34. Jellish WS, Leonetti JP, Fahey K, Fury P. Comparison of 3
different anesthetic techniques on 24-hour recovery after otologic
surgical procedures. Otolaryngol-Head Neck Sur. 1999;120
(3):406–11.

35. Lee DW, Lee HG, Jeong CY, Jeong SW, Lee SH. Postoperative
nausea and vomiting after mastoidectomy with tympanoplasty: a
comparison between TIVA with propofol-remifentanil and bal-
anced anesthesia with sevoflurane-remifentanil. Korean J Anes-
thesiol. 2011;61(5):399–404.

36. Suresh S, Barcelona SL, Young NM, Seligman I, Heffner CL, Coté
CJ. Postoperative pain relief in children undergoing tympanomas-
toid surgery: is a regional block better than opioids? Anesth Analg.
2002;94(4):859–62.

36 Anesthesia for Tympanomastoidectomy 285



37The Difficult Airway

Dennis J. McNicholl

Case Presentation

Obese 30-year-old female involved in a MVA including
head/facial injuries and open fracture involving the lower
extremity presents to the emergency department. Patient is in
a cervical collar.

PMHx: Obesity

Asthma

Medications: Oral contraceptives

Allergies: None known

PSHx: C/S � 2

Sinus surgery

Physical Exam: Height 5′6″ (167 cm) Weight: 210 lbs
(95.5 kg) (BMI 34)

VS: HR 106 BP 108/59 RR 22 SpO2 96% on NRB

General: alert, oriented to person, place, and time. No
memory of accident, in C-collar
Neuro: Nonfocal, able to move all extremities, 5/5 except for
LLE (3/5), sensation intact
HEENT: PERRLA, LEFT facial laceration
CV: tachycardic, no murmur, capillary refill <3 s
Pulm: Breath sounds equal B/L, no wheezing
Abdomen: obese, nontender, nondistended
Extremities: LEFT open tib-fib fx
NPO Status: last meal 3 h prior to accident

QUESTIONS:
You receive a STAT page from the Emergency Depart-
ment requesting airway management assistance for this
patient involved in an MVA who is en route to your
facility. On your way to the Emergency Department,
what concerns do you have about managing this patient’s
airway?

There are many “unknowns” at this stage, so several
scenarios may be running through your head in anticipation
of the patient’s arrival. What is their level of consciousness?
Is the patient already intubated, or will they even need
intubation in the immediate term before any evaluation or
imaging is done in the emergency department? What was the
mechanism of injury and how much energy transfer was
involved in the accident? How likely is a neck injury? Have
attempts already been made to intubate by pre-hospital
personnel? Could there be blood in the airway? Is the patient
hemodynamically stable or getting worse as time passes? All
of these are good considerations to focus your attention and
prepare for what might need to be done. More will be
revealed when the patient arrives and additional history is
gathered.

Upon arrival, the patient is on a backboard in a cervical
collar. She is alert and oriented to name and date but has
no recollection of what happened in the accident. What
are some of the next priorities in managing the airway?

Perhaps the first order of business is to identify whether
or not intubation is needed at this time. Assessment of vital
signs (and their trend), mental status (and its trend), mech-
anism of injury, need for surgery (immediate or delayed),
and any plans for imaging in the ED before deciding on
surgery will all impact the decision about when or whether
to intubate. With all these seemingly simultaneous decisions
to make, it is worth bearing in mind the patient’s multiple
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risks for nonoptimal status (due to trauma, cervical collar,
full stomach, etc.) and to plan accordingly.

Urgency for securing the airway would include respira-
tory distress, worsening mental status, hemodynamic insta-
bility portending shock, or aspiration.

How would you evaluate this patient’s airway?

This patient presents in an awake state, which is a major
advantage as it allows a more thorough airway evaluation in
terms of history and physical examination. Indeed, the ASA
Guidelines recommend that, whenever feasible, before the
initiation of anesthetic care and airwaymanagement, an airway
history and physical examination should be conducted [1].

The airway history in meant to detect medical, surgical,
and anesthetic factors that may indicate the presence of a
difficult airway. Examination of previous anesthetic records,
if available in a timely manner, may yield useful information
about airway management. The older the anesthetic record is,
the more diminished its utility is likely to be. However, even
without the actual records, some more information may be
gleaned from related history questions—was the patient told
of any anesthetic/airway issues after a prior surgery, was it a
surgery that required intubation or not, have they gained or
lost a substantial amount of weight since the last surgery, etc.

The airway physical examination should similarly be
conducted whenever feasible. The purpose is to detect
physical characteristics that may indicate the presence of a
difficult airway. It is also recommended that multiple airway
features should be assessed.

Is there anything in this patient’s medical history that
may be of concern with respect to managing the airway?

The patient’s history with a focus on the airway can be
revealing and should be ascertained. The past surgical his-
tory for this patient includes sinus surgery. If practical and
feasible, more information about this should be sought, such
as if there were any difficulties with the intubation for that
procedure, or how recently it was performed (concern for
friable tissue or inflammation should a nasal approach to
intubation or use of a nasal trumpet be considered as she
presents now), and the original indication for the surgery
(e.g., polyps, tumor removal, epistaxis).

Another diagnosis this patient carries is asthma, and in
characterizing this condition it would be useful to know if
she has ever been intubated for this condition (not only could
it provide information about the intubation, but would also
likely be indicative of severe baseline airway disease). Other
pertinent history is the frequency of inhaler use and whether
oral steroids have been required to control symptoms.

One important history question is whether or not the patient
snores. Compared to other history questions, this one is
somewhat different in that the patient typically cannot rely on

themselves for an accurate answer (though there are some
patients who will admit to being woken up by the sound of
their own snoring). Even when a patient does admit to snoring
or being told that they snore, this information only occasion-
ally will be recorded in the medical record, thus it may be
“under the radar” of most practitioners. The practitioner for
whom it probably matters the most is the anesthesiologist, as
snoring is a risk factor for difficult mask ventilation.

In conducting a thorough airway history, it is important to
keep in mind that even patients with no past surgical history
can have revealing information about intubation if they have
had nonsurgical conditions that require intubation (e.g.,
asthma, COPD exacerbation, sepsis, etc.)

Given this patient’s presentation, what do you expect to
find on physical examination that would likely be
important for managing the airway?

This patient is awake and can participate in an airway
exam at least to some degree. With the presence of the
cervical collar, any exam will naturally be more limited.
A basic evaluation under other circumstances would natu-
rally include the range of motion of the neck, but this would
clearly be ill-advised in a case such as this one. Cervical
collars also restrict mouth opening (another basic part of the
airway exam under normal circumstances).

The ASA Guidelines recommend that multiple airway
features be assessed. It lists 11 features in all, though it also
states this is not an exhaustive list, nor is it mandatory to
evaluate all of them (again, the caveat of using judgment
with respect to the clinical context about whether to evaluate
certain aspects of the airway).

Of all the components of the airway physical exam only
four, in fact, actually require patient cooperation:

– Visibility of the uvula (Mallampati class 3 or 4)
– Interincisor distance (less than 3 cm)
– Range of motion of the head and neck (cannot extend

neck or touch chin to chest)
– Relationship of the maxillary and mandibular incisors

during voluntary protrusion of the mandible (cannot
bring mandibular incisors anterior to maxillary incisors)

The other seven components of the airway exam do not
require patient cooperation and can be assessed externally by
visual observation or with the gentle use of a tongue
depressor. These assessments can provide significant and
often critical information about the likelihood of encoun-
tering difficulty with intubation. These features include the
following:

– Length of upper incisors (relatively long)
– Relationship of maxillary and mandibular incisors during

normal jaw closure (prominent “overbite”)
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– Shape of the palate (highly arched or narrow. This may be
assessed with gentle application of a tongue depressor)

– Compliance of the submandibular space (stiff, indurated,
occupied by mass, or nonresilient)

– Thyromental distance (less than three “ordinary finger
breadths” which is typically *6 cm)

– Length of neck (short)
– Thickness of neck (thick)

One physical feature that is not on this list but may be of
clinical significance during intubation is that of the tongue size
relative to the size of the oral cavity. This feature is somewhat
related to the compliance of the submandibular space, in that
this is the compartment into which the tongue would normally
be displaced during direct laryngoscopy. Toward this point,
the combination of a large tongue size and decreased sub-
mandibular compliance would compound the difficulty
encountered compared to that for either feature alone.

Additionally, this patient has an elevated BMI, which
raises concerns for both difficult mask ventilation
(DMV) and difficult intubation (DI).

Would you consider delaying the management of this
patient’s airway to try to obtain prior medical records?

Overall, obtaining additional history is important and
may lead to a change in approach to managing the airway. If
the patient’s history reveals something concerning or seri-
ous, prior records should be obtained if they will be available
in a timely manner and if it is practical to do so. In some
cases, additional consultation (e.g., from an otorhinolaryn-
gologist) may be in order to safely manage a difficult airway.

Obtaining prior records may be as fast and simple as
looking up an anesthesia record in your own hospital’s
electronic medical record system, or may be as prohibitively
cumbersome as filing a request at another institution.

The decision of whether or not to delay intubation for the
sake of obtaining prior records depends on how important
the information might be in managing the patient’s airway at
that moment in time, and keeping in mind the amount of
time that may actually be available to obtain that informa-
tion. In urgent/emergent situations such as in this case, the
patient’s clinical status will guide the necessity of trying to
garner additional history or obtain prior records.

Should trauma imaging studies (e.g., CT scans, X-rays,
FAST exam) be done before or after securing the air-
way? Would CT imaging of the head and neck help you
decide what approach to take in securing the airway?

The timing of when trauma imaging should take place is
typically the purview of the emergency medicine physician
or trauma team. While additional imaging may be useful to
know, even “normal” results of a cervical CT scan cannot

rule out some injuries (e.g., spinal cord contusion, liga-
mentous instability), thus the change in management from an
airway management perspective would likely be minimal. It
would be prudent to assume the c-spine is unstable at this
stage of the clinical course.

What potential problems do you foresee in managing this
patient’s airway?

The ASA Difficult Airway Algorithm is designed to aid in
identifying potential airway problems and planning the
approach in advance; it is not intended to be invoked at the
onset of an airway crisis.

After the patient’s history has been taken and airway
physical examination has been completed, enough infor-
mation should be available to assess the likelihood and
clinical impact of the six basic airway management problems
(as stated in the ASA Difficult Airway Algorithm) relative to
the current clinical scenario. These problems are as follows:

– Difficulty with patient cooperation or consent
– Difficult mask ventilation
– Difficult supraglottic airway placement
– Difficult laryngoscopy
– Difficult intubation
– Difficult surgical airway access

It is noteworthy to observe from this list that ability to
ventilate comes before ability to intubate. While so much
focus is placed on the anesthesiologist’s ability to intubate,
mask ventilation is the real lifesaving skill set when caring for
a patient who is known or suspected to be a difficult intubation.
In the case presented here, the luxury of evaluating the
patient’s airway in the same manner as for an elective case is
not available. This places more emphasis on correctly evalu-
ating this patient’s risk factors for difficult mask ventilation.

How will you formulate your plan for managing this
patient’s airway?

The ASA Difficult Airway Algorithm delineates four
basic choices with respect to managing the airway:

– Awake intubation versus intubation after general anesthesia
– Noninvasive versus invasive initial approach to

intubation
– Video-assisted laryngoscopy as an initial approach to

intubation
– Preservation versus ablation of spontaneous ventilation

A similar decision-tree approach to airway management
is the Airway Approach Algorithm (AAA) [2]. This algo-
rithm has been described as a method to be used before
applying the ASA Difficult Airway Algorithm.
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Using the AAA, if it has been determined that the airway
does need to be controlled, there are only two possible
answer choices left: (1) awake intubation or (2) intubation
after induction. These two choices correspond to the entry
points in the ASA Difficult Airway Algorithm (the top of
each box in the diagram).

Would you attempt an awake intubation?

Based on the pre-intubation assessment (physical exam,
history), the likelihood of encountering difficulty with intu-
bation or mask ventilation must be assessed.

Indications for an awake intubation include the following:

– Previous history of difficult intubation
– Anticipated difficult mask ventilation
– Physical examination consistent with difficult intubation
– Trauma to the face, neck, upper airway, cervical spine
– High risk of aspiration
– Cervical spine disease
– Hypotension, shock
– Respiratory failure

This patient is in a cervical immobilization collar and also
has a facial laceration as well as a distracting injury (lower
extremity open fracture), so there is an index of suspicion of
cervical spine trauma in this case. In general, with regard to
cervical spine disease or trauma to the cervical spine, an
awake intubation allows for a focused neurologic exam after
intubation prior to the induction of general anesthesia. This
exam can be compared to the pre-intubation neurologic

exam and documented in the record. This patient would also
be considered a full stomach and, therefore, at higher risk of
aspiration.

If the airway exam on this patient is more reassuring with
respect to likelihood of success with direct laryngoscopy,
then another approach to patients such as this with a
potentially unstable cervical spine is manual in-line stabi-
lization (MILS).

Would a nasal approach to tracheal intubation be better
than an oral approach?

For fiberoptic intubation using the nasal approach may be
considered in some cases for reportedly less neck movement
during intubation. In addition, the nasal fiberoptic approach
to the glottic opening is more of an arc, compared to oral
fiberoptic approach which is more of a right angle, therefore
some argue this makes the view of the glottis easier to
obtain.

However, a nasal approach would not be favored in this
patient due to the evidence of facial trauma (which is a
relative contraindication to nasal intubation) and also con-
sideration of prior sinus surgery.

How would you manage the cervical collar when pro-
ceeding to intubate?

The goal of the cervical collar is to restrict neck move-
ment in a patient with known or suspected neck injury. Its
presence also restricts the patient’s mouth opening, which is
in direct conflict with what is customarily needed for
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successful direct laryngoscopy. For direct laryngoscopy
wherein MILS is planned, the front of the collar may be
removed while a dedicated trained individual applies the
stabilization (without applying traction).

For fiberoptic intubation, the collar may be left in place if
sufficient mouth opening is available to insert the fiberoptic
bronchoscope (and a bite block to protect the scope).

Would you administer a drying agent before topicalizing
the airway?

When airway topicalization is warranted prior to an
awake fiberoptic intubation, administration of an antisialo-
gogue should be considered. Of the anticholinergics, gly-
copyrrolate (0.2 mg IV) is most commonly chosen. It has a
rapid onset of action (2–4 min) and, compared to atropine, it
reduces the risk of delirium from central anticholinergic
effects since it does not cross the blood-brain barrier.

Antisialogogues decrease oral secretions which improves
visibility for the anesthesiologist. Additionally, when the
oropharyngeal mucosa is dry, the application of topical
anesthetic is more effective, thus less local anesthetic need to
be applied and the risk of local anesthetic toxicity is reduced.

This patient is tachycardic on presentation, the etiology of
which is likely multifactorial (pain, anxiety, hypovolemia,
etc.). Nonetheless, another consideration of administering
anticholinergics in this setting is the side effect of increased
heart rate. Clearly, some patients would tolerate the heart
rate increase from anticholinergic administration better than
others.

For patients who are not good candidates for antisialo-
gogues, other options for drying the oral cavity and mucosa
may be considered. Gentle suctioning with a Yankauer
suction or soft-tip endotracheal suction catheter may
decrease secretions; however, it is important to bear in mind
the potential for eliciting the gag reflex when doing so.
Alternatively, manual drying of the tongue and oral mucosa
is an option—for instance, using a gauze pad wrapped
around a tongue depressor and applied directly (again with
the caveat of not eliciting a gag reflex).

How would you topicalize the airway with local anes-
thetic? What are the risks or side effects of topicalizing
the airway?

Numerous techniques are available for topicalization of
the airway including atomizers, nebulizers, ointments and
transtracheal instillation. Lidocaine or benzocaine are com-
monly used, each with their own set of risks.

Topical anesthesia can be time-consuming and may
hinder next steps in the patient’s care. If secretions are
present it may be difficult to achieve adequate

topicalization, and with repeated application of anesthetic
the risk of toxicity increases. Finally, topicalization (espe-
cially of the vocal cords) may induce coughing or vomit-
ing, which in turn can accelerate the timeline for needing to
secure the airway if aspiration or desaturation
ensues. Instillation of local anesthetic in smaller aliquots
(*1–2 mL) is likely to yield less of a cough reflex com-
pared to larger volumes.

In the contemporary training and practice of anesthesi-
ology, the idea of calling for help when difficulty is
encountered is encouraged. Would you call for help be-
fore attempting an awake intubation on this patient?

In general, anesthesia practice relies on the ability of the
anesthesiologist to be largely independent in the perfor-
mance of carrying out their tasks, but it is recognized that
they function as part of a larger team and will call for help
appropriately when conditions dictate.

In the ASA Difficult Airway Guidelines, one of the dic-
tums about calling for help is that at least one additional
individual will be immediately available to assist with
management. It is not specified what level of training or
experience this person should have, so this apparently is left
up to the judgment of the individual anesthesiologist as to
whom to appoint.

The patient’s SpO2 is 96% on a nonrebreather mask.
How will you maintain oxygenation during airway
management?

Preoxygenation with a facemask before initiating man-
agement of the difficult airway is recommended to delay the
onset of desaturation should additional time be required to
secure the airway. This laudable goal, however, may be
derailed by an uncooperative/combative or a pediatric
patient, and in these instances it is recognized that success
with this part of the process may not be complete. Other-
wise, for a cooperative patient that cannot tolerate applica-
tion of the facemask due to claustrophobia or anxiety, simply
removing the mask and having them breathe from the circuit
connector may be better tolerated and would lead to at least
some preoxygenation (compared to not using the mask at
all).

Delivery of supplemental oxygen throughout the process
of difficult airway management is also an important part of
managing the difficult airway. For delivering oxygen before
intubation, this can include (but is not limited to) nasal
cannula, facemask or both. For delivering oxygen after
extubating a patient with a difficult airway, options include
(but again are not limited to) facemask, blow-by oxygen, or
nasal cannula.
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Under which circumstances would you call ENT to the
bedside to be immediately available, or even have the
neck prepared for surgical airway?

It must be acknowledged that there is at least some overlap
between the airway management aspect of anesthesia practice
and that of our colleagues in related specialties (e.g., emer-
gency medicine, otorhinolaryngology), and collaboration is
welcomed in the interest of better patient care.

If invasive airway access is a likely possibility, prudence
would dictate taking measures to be ready for that eventu-
ality, and this would include a gowned-and-gloved ENT
surgeon with scalpel at the ready to operate on a surgically
prepped neck. In clinical practice this is a rare instance, yet it
is appropriate when indicated. Whether or not the patient in
this case would require such preparation would depend on if
she is deemed low likelihood for successful intubation
(orotracheal or nasotracheal), and low likelihood for success
with supraglottic ventilation (mask ventilation or LMA), and
unable to cooperate with an awake intubation or awake
tracheostomy. Should all of these conditions exist, this
patient is veering on a path to emergency invasive airway
access if the low-likelihood scenarios mentioned above
actually do come to pass.

The “end point” of the ASA Difficult Airway Algorithm
in terms of establishing a definitive airway when all other
modes have been unsuccessful and the patient cannot be
otherwise oxygenated and ventilated is the emergency
invasive airway access. Ironically, though this technique is
delineated on the algorithm published by the ASA for
anesthesiologists, almost all the training with respect to this
procedure is geared toward how to avoid getting into a sit-
uation where it is needed. This is because the failure rate is
high and the complication rate is high. Therefore, having
immediate availability of a practitioner who is accustomed to
operations on the trachea is of great utility. The algorithm
does not mandate that this procedure (invasive airway
access) be performed by the anesthesiologist.

If you elect to do an awake fiberoptic intubation for this
patient, how would you prepare her—what would you
tell her?

In truly urgent situations, it can seem that counterpro-
ductive to spend time informing a patient who has a difficult
airway about the risks and procedures that are planned for
managing it. For one reason, it can seem that this time is
detracting from getting on with the task at hand, and sec-
ondly it would be very unlikely that any such discussion
would change the approach to management. However, the
premise of good communication (with the patient or their
health care proxy/representative) is worth considering for

such an important and potentially life-threatening procedure,
and having the patient understand the need for cooperation
will benefit them as well as the practitioner. When a patient
presents with a difficult airway, the ASA Guidelines do in
fact recommend informing them (or their proxy) about the
special risks and procedures related to managing their diffi-
cult airway.

The patient tells you she is very anxious and asks if she
could receive some sedation for the intubation? How
would you answer her?

The key concept in this situation is “judicious use,” for
the reason that there are many risks involved with admin-
istering sedatives to this patient.

In this case, the patient is described as being awake and
alert; however, she does not remember the accident itself,
which does raise some concern. Clinically, it appears she is
relatively stable but her cervical spine has not been cleared.
If an awake intubation approach is chosen, the ideal situation
is for topicalization of the airway with local anesthetic,
which should require little to no analgesia or anxiolysis.

If the decision is made to administer anxiolytics in order
to improve patient cooperation and, thereby, the likelihood
of success with the intubation, several options are available:

Midazolam is relatively short-acting, provides anxiolysis
and amnesia, and can be reversed with flumazenil. Given the
synergistic effects of benzodiazepines with opioids, respi-
ratory depression is a concern, of course, and it would be
worth determining if the patient received any opioids up to
this point in her clinical course.

Dexmedetomidine is another option, with its beneficial
properties of maintaining respiratory drive while providing
anxiolysis; however, it lacks a reversal agent.

Ketamine, though it can be used for sedation in cer-
tain situations, has some unwanted side effects such as
dysphoria and increased salivation which would not be of
use in a situation such as this.

After the sedation medication that you just administered,
the patient appears less anxious. A few minutes later you
note the patient’s respiratory rate has significantly
declined and she is less arousable. What would you do
now?

There are several things that could be done at this point,
but the most crucial is recognizing that the situation requires
immediate attention. Delivery of supplemental oxygen must
be assured. Verbal or tactile stimulation should be used to
attempt to increase level of consciousness. If a reversal agent
for the sedation that was administered has not been given it
should be considered at this point.
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The next steps would involve bag mask ventilation with
supplemental oxygen to combat the decline in respiratory
rate.

When attempting to mask ventilate, you do not see
end-tidal CO2 on the monitor. What would you do now?

The answer lies, at least in part, in the level of confidence
the practitioner has regarding the adequacy of facemask
ventilation. Signs of inadequate facemask ventilation
include:

– Insufficient or absent chest movement
– Absent or inadequate breath sounds
– Audible signs of airway obstruction, gastric

insufflation/dilatation
– Inadequate or decreasing oxygen saturation
– Cyanosis
– Absent, inadequate or elevated end-tidal carbon dioxide
– Absent or inadequate exhaled gas flow (spirometry)
– Hemodynamic consequences of hypercarbia or hypox-

emia (e.g., tachycardia, hypertension, dysrhythmias)

In some cases, the monitoring technology may falsely
indicate no ETCO2 (for instance, an extension on the CO2

sampling tubing can lead to a delay in the sampled gas
reaching the monitor, or perhaps a loose connection some-
where along the course of the circuit). Another possibility is
extremely low cardiac output which may present as imper-
ceptibly low ETCO2.

This is clearly of immediate concern. In any case,
reestablishing ventilation is required, either through
improving attempts at mask ventilation or proceeding to
intubation immediately.

Could this difficulty with bag mask ventilation have been
predicted?

As this situation involves an urgent intubation, the cir-
cumstances for mask ventilation are not ideal, and the cer-
vical collar can easily interfere with mask fit as well as jaw
thrust and repositioning maneuvers that may be available
under normal circumstances. The patient does have at least
one risk factor for difficult mask ventilation, which is her
BMI. Though “obesity” is often quoted as a risk factor for
difficult mask ventilation, this is not entirely accurate, as a
BMI of greater than >26 kg/m2 was quoted in the original
article by Langeron [3], and this actually corresponds to
“overweight” in conventional metabolic classification.

It is also not known from the reported case information if
the patient snores or not (as discussed earlier, this is not
always a clear finding from the patient-reported history, and

only infrequently gets listed as a medical condition in the
chart). As such, this may or may not be a contributing factor,
but should be a consideration, especially in a patient with an
elevated BMI.

The commonly cited risk factors for difficult mask ven-
tilation are the following:

– Presence of a beard
– Body Mass Index >26 kg/m2

– Lack of teeth
– Age > 55 years old
– History of snoring

When you go to chart the intubation on this patient in the
anesthetic record, how would you describe the difficulty
you encountered with mask ventilation?

Documenting sufficient detail about the experience and
degree of success (or not) with mask ventilation is important
for future care delivery, and commonly used descriptors are
usually adequate. Han and colleagues developed a useful
grading scale to characterize the ease or difficulty associated
with mask ventilation, presented below:

DIFFICULT MASK VENTILATION SCALE

Grade 0 Ventilation by mask not attempted (24%)
Grade 1 Ventilated by mask (54%)
Grade 2 Ventilated by mask with oral airway or other

adjuvant (20%)
Grade 3 Difficult mask ventilation* (1.2%)
Grade 4 Unable to mask ventilate (0.05%)

*In this scale “Difficult Mask” is defined as “inadequate,
unstable, or requiring two providers” and “with or without
the use of muscle relaxant.”

How common is it to encounter problems with mask
ventilation?

Generally speaking, difficult mask ventilation is likely to
occur about 1–2 times per 100 general anesthetics. Impos-
sible mask ventilation (i.e., no success despite standard
ventilation, oral airway, two-person mask ventilation, etc.)
may be encountered approximately 1–2 times per 1000
general anesthetics. These numbers are gross estimates, of
course, as the actual incidence is higher in the subgroups of
patients who have more risk factors for difficult mask
ventilation.

Defining inadequate mask ventilation has some chal-
lenges. Some definitions relate to adequacy of breath sounds,
chest movement, oxygen desaturation below a certain per-
centage, development of cyanosis, etc. Compared to tracheal
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intubation, there is more of a continuum of adequacy of
mask ventilation rather than a binary “yes/no” of success.

With newer technology and training with more advanced
airway devices (video laryngoscopes in particular), it may be
less reliable to depend on a patient’s report that there were no
airway problems with prior anesthetics. It may very well be that
there were no problems because the difficult airway was antic-
ipated and planned for with specialized equipment available.

How common is it to encounter a patient who is a difficult
intubation?

In contrast to difficult mask ventilation, defining difficult
intubation is straightforward—the trachea is either intubated
or not intubated; there is no ambiguity. The incidence of
difficult intubation by direct laryngoscopy ranges from 0.1 to
13%. For failed intubation, the incidence is about 0.5–2.5%.

How common is it to encounter a patient who is both a
difficult mask ventilation and difficult intubation?

This combination of a patient being a difficult mask as
well as a difficult intubation is very rare, luckily. Reports
estimate the incidence of this to be approximately 0.01–2 per
10,000 general anesthetics.

What are the options for invasive airway access?

Again, the ASA Difficult Airway Algorithm must be
referenced; there are only three options on this list:

1. Surgical or percutaneous airway
2. Jet ventilation
3. Retrograde intubation

For an elective case, it may be reasonable to cancel sur-
gery because of repeated failed airway attempts as there may
be concern for airway edema, vocal cord trauma or potential
for causing unnecessary trauma. In the case presented here,
cancellation is not a viable option.

What are the contraindications to cricothyrotomy?

Preexisting laryngeal disease

Acute inflammation
Chronic inflammation
Malignancy

Coagulopathy
Distortion of normal airway anatomy
Infants and children < 6-years old

Inexperience in cricothyrotomy procedure (experience
decreases complications)

Would you consider this patient to be high risk for
extubation?

Admittedly, most of the focus on difficult airway man-
agement is on intubation. However, if a good management
plan is required for intubation, the corollary to this is that a
good management plan is also required for extubation.

Deciding whether a patient who was initially difficult to
intubate may also present difficulty when it is time for
extubation is a judgment call, and again many factors must
be considered. If the conditions that made intubation a
challenge are no longer present (e.g., cervical collar no
longer in place, or an airway tumor that has now been
excised), it could be argued that the risk of extubation is
actually lower. Conversely, if the patient now has a surgi-
cally fused cervical spine, or now has more airway edema,
the risk of extubation is likely higher.

Other clinical situations that may indicate higher risk for
extubation include the following:

Medical conditions:

Tracheomalacia (dynamic airway obstruction)
Paradoxical vocal cord motion (VC adduction with inspira-
tion or expiration)
Parkinson’s Disease (tremor: abnormal glottic
opening/closing, aspiration risk)
Rheumatoid Arthritis (baseline difficult neck extension,
cricoarytenoid arthritis)
OSA (airway obstruction at baseline, worse with
sedatives/anesthetics)
Obesity (accelerated oxygen desaturation, ±airway
obstruction)
Burns (impaired clearance of secretions, increased CO2

production)

Surgical procedures:

ENT surgery
Laryngeal surgery (glottic edema)
Thyroid surgery (SLN or RLN injuries, local hematoma)
Deep neck infections (edema)
Tracheal resections (guardian suture limits access for
reintubation)
Uvulopalatopharyngoplasty (preexisting OSA, obesity, air-
way edema)
Maxillofacial surgery (mandibular surgery, wiring of
mandible)
Cervical spine surgery (decreased ROM, +/−prone position
—airway swelling)
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Posterior fossa surgery (CN or VC injury, respiratory control
center injury)
Carotid endarterectomy (hematoma, nerve injury)

Would you take any special precautions when attempting
to extubate this patient? Would you have the ENT sur-
geon at the bedside?

The same recommendations of the ASA Guidelines that
apply to intubation also apply to extubation (e.g., preoxy-
genation, delivery of supplemental oxygen when the airway
is not secured, availability of additional personnel to assist in
management).

Being able to re-intubate in a timely fashion if necessary
should be part of the plan, so having a defined plan in place
and specialized equipment available would be indicated.

Consideration of short-term use of a device that can serve
as a guide for expedited re-intubation is recommended, and
the ASA Guidelines endorse two different types of such
devices: a stylet (intubating bougie) or a conduit:

A stylet (intubating bougie) is inserted through the
endotracheal tube and into the trachea before extubation so
that re-intubation, if needed, could occur by inserting an
ETT over the stylet. Examples of such devices would
include an airway exchange catheter or a bougie. The fun-
damental difference between these two devices is that the
hollow core of the airway exchange catheter allows at least
some ability to oxygenate and ventilate (requires using an
adapter that can attach to a bag mask or anesthesia circuit or
jet ventilator), whereas this is not possible with the solid
bougie. Another difference is that the bougie has a coude tip
(40° bend), whereas the airway exchange catheter does not.

A conduit, on the other hand, would include devices such
as an LMA or intubating LMA, which would allow for
supraglottic ventilation and intubation.

Should this patient be told she has a difficult airway?

A patient with some risk factors for difficult airway may
or may not turn out to be a difficult airway upon attempting
intubation. The actual clinical experience of intubation will
yield reliable information as to how challenging it was to
secure the airway. Also, the clinical situation (i.e., emer-
gency vs. elective) or patient characteristics (e.g., cervical
collar, patient positioning) may make a patient “difficult” in
that situation but not so if those elements were changed or no
longer relevant in the event of a subsequent intubation.

In cases where a patient has some or several risk factors
for difficult intubation but ultimately proves to be straight-
forward (by conventional methods of bag mask ventilation
and/or direct laryngoscopy), it is perhaps more important
that this information be documented in the record and passed

on to the patient so that the extra clinical resources and
potential psychological impact on the patient are not invoked
unnecessarily in the future.

The ASA Guidelines do suggest that details about any
airway difficulties encountered be recorded in the patient’s
chart. This would naturally include information on tech-
niques and devices used and the extent to which each was
successful or detrimental. Some hospital record systems may
also employ a system to flag the charts of such patients
should they present for care in the future.

It is also recommended that such important information
be communicated to others. Principally, of course, this
would mean informing the patient (or, if incapacitated, the
patient’s healthcare representative). Toward this end, a
“difficult airway letter” may be issued to them, and possibly
a recommendation that they obtain an alert bracelet to warn
others of the presence of this condition. Perhaps an alert
bracelet may be more useful for patients who may not out-
wardly appear to be a difficult airway (an “unanticipated
difficult airway” patient).

The surgeon and primary care provider should also be
informed of any airway difficulties encountered.

What are the principal adverse outcomes associated with
the difficult airway?

A difficult airway presents high risk in several respects,
even when it is anticipated and when there is time to plan
for it. There are few instances in medicine when cause and
effect of a devastating outcome are so closely related
temporally than when trying to secure the difficult airway.
When it is not successfully secured in a timely fashion,
adverse outcomes are possible and some would say likely.
These adverse outcomes include airway trauma (including
bleeding, edema, esophageal perforation, tracheal perfora-
tion, pneumothorax), damage to teeth or airway, aspiration,
death, brain injury, cardiopulmonary arrest, and unneces-
sary surgical airway.

What are the top reasons for airway complications and
management failures?

– Inaccurate or incomplete preoperative airway assessment
– Incorrect prediction of easy mask airway
– Incorrect prediction of direct laryngoscopy guided

intubation
– Incorrect prediction of uncomplicated extubation
– Unwillingness to abandon failed airway management

plan
– Failure to call for help early, when difficult airway is first

apparent
– Incomplete preparation of backup plan
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– Deterioration of performance under stress
– Failure in judgment
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38Pediatric Tonsillectomy and Adenoidectomy

Makara E. Cayer

Case:
A 4-year-old 17-kg male with Down syndrome presents

for tonsillectomy and adenoidectomy.
Medications: none
Allergies: NKDA
Past Medical History:

Trisomy 21
Obstructive sleep apnea
Tonsillar and adenoid hypertrophy

Physical Exam:

VS: within normal limit for age; BMI 25
Oropharynx: tonsils 3+, otherwise normal
Otherwise insignificant

1. What are the most common indications for tonsillec-
tomy and adenoidectomy?

In 2006, there were approximately 530,000 pediatric
tonsillectomies (with or without adenoidectomy) performed
in the United States [1]. Common indications for tonsillec-
tomy are obstruction (including OSA), infection (including
chronic tonsillitis), and tonsil mass. Common indications for
adenoidectomy include nasopharyngeal obstruction, Eus-
tachian tube dysfunction and recurrent otitis media, chronic
sinusitis, obstructive sleep apnea (OSA), and chronic or
recurrent adenoiditis [2].

2. What is OSA and how is this disorder classified dif-
ferently in pediatric patients than in adults?

OSA is defined as a syndrome having various degrees of
upper airway obstruction during sleep, from partial to com-
plete. It is the most severe form of sleep-disordered breathing.
These episodes can lead to oxygen desaturation, hypercarbia
and cardiac dysfunction. Signs and symptoms include poor
sleep, frequent arousals, daytime sleepiness, snoring, and
observed apnea. In children, symptoms also include hyperac-
tivity or distractibility [3]. OSA is classified by sleep study into
severities: mild, moderate and severe (though different sleep
study centers use different classification systems). In children,
an obstructive apnea index greater than one is abnormal. The
obstructive apnea index is the number of obstructive efforts that
include more than two obstructive breaths. A saturation nadir
less than 92% is abnormal [2]. In children, an apnea–hypopnea
index greater than 10 per hour and an oxygen saturation nadir
less than 80% is often categorized as severe [4].

3. What are symptoms of OSA in children?

Symptoms of sleep apnea include loud snoring, gasping
while sleeping, pausing while sleeping, night terrors, restless
sleep, confused arousal, drooling, mouth breathing, sleep
walking, difficult morning wakening, daytime irritability,
enuresis, daytime somnolence, poor school performanc, and
frequent upper respiratory infections (URIs) [5].

4. If this child has OSA, is he at risk for cor pulmonale?
Why or why not?

Children with OSA may have hypoxia and hypercarbia.
Hypoxia and hypercarbia can result in pulmonary artery
constriction. As a longstanding condition this can lead to
pulmonary hypertension, right-sided heart failure, and cor
pulmonale [2]. This is can be minimized if sleep apnea is
treated early.
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5. How is tonsil size evaluated, and what size tonsils
could place a child at increased risk of obstruction
under general anesthesia?

Surgical indications include tonsillar hypertrophy, and the
size of the tonsils is evaluated by the otolaryngologist. Siz-
ing relates to the percentage of pharyngeal area that is
obstructed by tonsillar mass, and is reported on a scale
ranging from 0 to 4+.

Rating Percentage of tonsillar mass obstructing the pharyngeal
area

0 None

1+ ≤25%

2+ >25% but ≤50%

3+ >50% but ≤75%

4+ ≥75%

A rating of 3+ or greater indicates increased risk of
obstruction on induction of anesthesia [2].

6. What if the child has an URI? Will you cancel the
case? Why or why not? How will you decide?

In pediatric anesthesiology, there is frequently the con-
sideration of recent URI. History of recent URI should be
elicited. There has been evolution of the treatment of
children with URIs and anesthesia. In the past, many
practitioners would cancel a case in a child who had a
current or recent respiratory infection within 4 weeks prior
to surgery. This decision was based on the evidence that
children with URIs or recent URIs had greater incidence of
respiratory adverse events compared to children without
URIs or who had a URI more than 4 weeks prior [6, 7].
Independent risk factors for respiratory adverse events in
these children included endotracheal tube (ETT) in children
<5 years of age, parental smoking, copious secretions,
prematurity, reactive airway disease, nasal congestion and
surgery on the airway [7]. However these children had no
long-term adverse morbidity. Because of this, most children
can undergo anesthesia in the presence of a URI or recent
URI, taking into consideration the independent risk factors
above. A review by Tait and Malviya [8] proposes an
algorithm for pre-anesthetic decision-making for a child
with URI symptoms. This algorithm takes into account the
urgency of the surgery, the severity of the signs and
symptoms (and whether or not they are indicative of an
infectious etiology), the anesthetic plan (general versus
regional). Other independent risk factors are also consid-
ered, such as the need for an ETT in a patient less than
5 years old, parental smoking, copious secretions, nasal

congestion, history of prematurity, and any history of
reactive airway disease. Still other considerations include
whether or not the case has been canceled in the past, if
there is an expedient need for surgery, if the patient and
family have traveled a long distance, and the anesthesiol-
ogist’s comfort level with anesthetizing a child with a URI.
After taking these factors into account and discussing any
concerns with the surgeon and the patient’s family, make a
decision. If the decision is made to proceed with surgery,
some measures can be taken to mitigate the risks, including
consideration of avoiding an ETT if possible, hydrating the
child, or the administration of an anticholinergic to
decrease secretions, or the use of humidified oxygen [8].

7. Should this patient have a sleep study?

Polysomnography (sleep study) is the gold standard for
diagnosing and characterizing severity of OSA. However,
there are half a million pediatric tonsillectomies performed
yearly in the United States, and resources to perform sleep
studies in this number of patients are not available [4].
A 2011 Clinical Practice Guideline on polysomnography
prior to pediatric tonsillectomy recommends sleep study for
children with obesity, craniofacial abnormalities, Down
syndrome, neuromuscular disorders, sickle cell disease or
mucopolysaccharidoses. This patient falls into the category
recommended to have a sleep study prior to tonsillectomy.
A sleep study allows for better characterization of OSA, and
its severity. This allows for appropriate perioperative plan-
ning for these patients, including need for overnight
admission, and site of overnight admission (intensive care
versus a less intensive care setting), and can help determine
need for surgery in the first place [9].

8. What special considerations should be made for a
child with trisomy 21 (also called Down syndrome)
undergoing anesthesia?

Children with trisomy 21 are at a higher risk of OSA than
the general population, with a prevalence of approximately
30–50% [10, 11]. Thus, children with Down syndrome and
OSA will have risks associated with OSA. Children with
trisomy 21 are at risk of atlantoaxial instability (AAI), may
have congenital heart disease (CHD), hypotonia, and
hypothyroidism. Children with trisomy 21 often have had
thorough cardiac evaluation and repair of CHD prior to
presenting for tonsillectomy or adenoidectomy. If these
patients are not stable from a cardiac standpoint the surgery
should not proceed. If the patient has certain cardiac defects
or repairs, preoperative antibiotics may be needed for
endocarditis prophylaxis.
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9. How common is AAI in the trisomy 21 population?
How is it evaluated? What are current recommen-
dations for evaluation? What are the symptoms?
What should be done to protect patients with trisomy
21 in relation to AAI during anesthesia and surgery?

10–30% of those with trisomy 21 have radiographic
evidence of AAI. Of those, only 1–2% are symptomatic [12].

Recommendations for evaluation and care of trisomy 21
patients in relation toAAI have changed over the past decades.
In the past, the Down Syndrome Medical Interest Group rec-
ommended screening radiographs between the age of 3–
5 years, again at the age of 12 and as an adult if participating in
the Special Olympics, and prior to elective surgeries [12]. In
2011, the American Academy of Pediatrics updated its
guidelines for children with Down syndrome, including an
update to guidelines for AAI [13]. These new guidelines for
trisomy 21 emphasize that screening radiographs do not pre-
dict future risk of AAI, and underscore the importance of
health checks with physical exam, questions about symptoms
and anticipatory guidance for patients and parents about
symptoms and cervical spine protection. Anticipatory guid-
ance for parents should begin at birth to one month of age for
correct cervical spine positioning and continuing forward.
Parents should be educated on the signs and symptoms of
myelopathy throughout the first year of life. Cervical spine
films are no longer recommended for asymptomatic children.
People with trisomy 21 and their families should be cautioned
about participating in full contact sports or sports that could
cause injury to the cervical spine.

Sudden symptoms can develop after otolaryngology pro-
cedures. This may be due to manipulation by the anesthesia or
surgical team. Continued anticipatory guidance should con-
tinue through late childhood, adolescence, and adulthood [12].

Symptomatic patients should have radiographic films in
the neutral position only. If these films are normal, only then
should flexion and extension films be performed. If an
abnormality is found, urgent referral should be made to a
neurosurgeon or orthopedists for management [13].

On preoperative evaluation, the patient and family should
be questioned for signs or symptoms of AAI (e.g., neck pain,
gait disturbance, or signs of paralysis). If no signs or
symptoms of AAI are elicited, then surgery may proceed,
with maintenance of neutral cervical spine position
throughout the anesthetic and surgical procedure.

10. Should the patient get a CBC and coagulation stud-
ies? What about a type and screen?

Unless there is reason to suspect anemia, a complete blood
count need not be performed. Unless a patient has a history of
abnormal hemostasis, either a formal diagnosis or by symptoms

including unusually easy bruising or bleeding, or a family his-
tory of a bleeding disorder, no coagulation studies need to be
performed [14]. Coagulation screening is not cost-effective
[15]. In addition, type and screens need not be performed
because the transfusion rate after tonsillectomy or adenoton-
sillectomy is low. This type of preoperative testing in patients
who are unlikely to require transfusion increases costs [16].

If a patient does have a coagulopathy, this should be
appropriately treated preoperatively. Perioperative plans
should be made preoperatively with the assistance of a
hematologist.

11. This patient is having surgery because of severe sleep
apnea. Would you give the patient oral midazolam
prior to the operating room?

Parental presence and distraction may be safer methods to
attempt to calm a child with severe sleep apnea. In combi-
nation with pain medications in children with OSA, mida-
zolam can lead to increased respiratory depression. If
non-pharmacologic methods are ineffective, and a benzodi-
azepine is used for preoperative sedation, an anesthesia
provider or preoperative nurse should stay with the patient
and monitoring with pulse oximetry should be used. Having
flumazenil immediately available would also be a prudent
measure to take.

12. Would you proceed with induction of anesthesia
without intravenous (IV) access in a patient with
severe OSA?

It would be preferable to have an IV in place prior to
induction. OSA patients can have obstruction occur after
anesthetic induction that may make mask ventilation difficult
if not impossible [2]. In children, induction is often inhala-
tional via mask as many patients are not amenable to
intravenous placement without prior sedation. Although
having IV access prior to induction is preferable, proceeding
with an inhalation induction in this patient may be consid-
ered with the following conditions:

1. Patient is not a known difficult mask ventilation or dif-
ficult intubation

2. Patient does not have other risk factors for difficult mask
ventilation and difficult intubation. As noted above, OSA
due to tonsillar hypertrophy can make mask ventilation
difficult, but intubation is not usually difficult.

3. Assistance is available for IV placement immediately
after induction.

If these conditions are not met, an IV should be placed
prior to induction, even in an uncooperative child.
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13. After a mask induction with sevoflurane, the child
becomes bradycardic. What do you think is hap-
pening? What would you do?

First, it should be confirmed that the patient is oxy-
genating and ventilating well, as hypoxia can lead to
bradycardia. If oxygenation and ventilation are adequate,
then bradycardia secondary to inhaled anesthetic should be
next on the differential diagnosis. In patients with Down
syndrome, bradycardia can be a complication of induction
with volatile agents including sevoflurane and halothane,
regardless of history of CHD. Impairment of autonomic
cardiac regulation may explain this bradycardia [17]. This
can be ameliorated by decreasing volatile anesthetic con-
centration and by airway adjustments including oral airway
insertion, jaw thrust, chin lift, and improved mask seal [17,
18]. If bradycardia is severe and does not respond to the
above measures, atropine or epinephrine administration may
be required. If necessary, cardiopulmonary resuscitation and
pediatric advanced life support protocols should be
performed.

14. Efforts to improve mask ventilation have been suc-
cessful, and an IV has now been placed. What type of
airway device do you plan to place at this point—an
ETT (cuffed or uncuffed) or Laryngeal Mask Airway
(LMA)?

Adenotonsillectomy procedures have been safely carried
out with the use of either an ETT or LMA; however, each
choice has benefits and risks.

The surgical procedure uses electrocautery in the
oropharynx which represents an airway fire risk. An
uncuffed ETT does not protect against this risk. Therefore, if
an ETT is used it should be cuffed to isolate gases in the
airway. Additionally, avoiding an enriched oxygen envi-
ronment will further decrease the fire risk, so a low fraction
of inspired oxygen (FiO2) (e.g., lower than 30%) is also
advisable.

LMAs can be used safely for adenotonsillectomy; how-
ever, an LMA may need to be converted to an ETT. In this
patient with tonsillar hypertrophy, LMA insertion may prove
more difficult. Also, if this patient becomes apneic during the
case, positive pressure ventilation may be required. Positive
pressure ventilation has been found to increase rate of
complications with LMA during pediatric tonsillectomy.
Surgeon comfort with LMA for this procedure should also
be taken into consideration [19].

15. You are careful to have the FiO2 at 28%, but the
patient’s oxygen saturation decreases to the low
1980s when the ETT is right main-stemmed. You
turn the FiO2 to 100%. You pull the ETT back and
have bilateral breath sounds. You forget to turn
down the oxygen fraction. The surgeon uses electro-
cautery. There is a flame in the airway. What com-
ponents are necessary to start a fire?

There are three components necessary for a fire to start;
oxygen, heat and fuel. In the operating room, the oxidizer is
the oxygen, air or nitrous oxide, the heat source is often
electrocautery, a light source, or laser, and the fuel can be an
ETT, a drape, a gauze pad, patient hair or skin [20].

16. How can operating room fires be prevented?

Before a procedure begins, fire safety should be discussed
among the operating room team. The surgeon, anesthesiol-
ogist, and rest of operating room team should know roles for
prevention and treatment of fire.

Any flammable skin preparation should dry before
draping. Oxidizer should not be allowed to build up under
drapes, and discussion of use of oxidizer and use of heat
source should continuously take place between surgeon and
anesthesiologist. Use of ignition source should be
announced, the anesthesiologist should reduce oxygen con-
centration, and nitrous oxide should be stopped. Moistened
sponges should be used near ignition sources. Use cuffed
ETTs for surgery in the airway. In addition, look for early
warning signs of fire including pop, flash, heat or smoke.
Stop the procedure if these signs are seen and evaluate for
fire [21].

17. What would you do now that fire is present?

I would remove the airway device (ETT or LMA) and
stop all airway gas flows. Flammable material should be
removed from the airway. Saline should be poured into the
airway. If fire is not extinguished a CO2 fire extinguisher
should be used.

Next, ventilation must be reestablished. If able to avoid
high FiO2, this should be done. Inspect the removed ETT for
damage to see if fragments may be left behind. Bron-
choscopy should be considered. Next, the patient’s pul-
monary and hemodynamic status should be assessed and
further management plan should be discussed with the sur-
geon [21].
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18. Assume that the fire never took place. The patient is
intubated and the surgeon has begun the tonsillec-
tomy. Would you give dexamethasone? Why would
you give it or why not?

The American Academy of Otolaryngology-Head and
Neck Surgery (AAO-HNS) strongly recommends an intra-
operative dose of intravenous dexamethasone for children
undergoing tonsillectomy [22]. Intraoperative dexamethasone
results in decreased postoperative nausea and vomiting
(PONV) in the first 24 h. Patients who received intraoperative
dexamethasone are more likely to advance to a soft or solid
diet on postoperative day one. A dose of 0.5 mg/kg is the most
common dose used in studies, but lower doses may be effec-
tive. According to AAO-HNS, there is little evidence that
administration for one intraoperative dose of dexamethasone
causes harm. One study found evidence of increased bleeding
after one intraoperative dose of 0.5 mg/kg dexamethasone
[23]. Further research needs to be conducted in this area.

19. Would you give ondansetron?

The rate of PONV after tonsillectomy in children is
greater than 70% if no antiemetic prophylaxis is received.
This increases overnight admissions, need for intravenous
fluid administration, and increases resource utilization.
A dose of dexamethasone decreases the risk of PONV, and
adding a serotonergic antagonist such as ondansetron can
further decrease this risk [22, 24].

20. Would you give promethazine to prevent or treat
PONV?

In 2004, the FDA issued a “black box warning” For
promethazine regarding its use in children under the age of 2
years, and an increased warning for use in children older than
the age of two [25]. Promethazine is associated with adverse
events including fatal respiratory depression and it should not
be used in children under the age of two. There should be a
very strong reason for use in children over 2 years of age,
especially when given with other respiratory depressants
such as opiates or anesthetics. If it is given in a child post-
operatively, apnea monitoring should be strongly considered,
at least in the form of continuous pulse oximetry.

21. Will you give intraoperative opioids? How might
opioid dosing in this patient differ from a 10-year old
without OSA having tonsillectomy for chronic
tonsillitis?

Risk of serious respiratory complications including death
after adenotonsillectomy is increased in the following

populations: children less than 3 years old, children with
severe OSA and children with Down syndrome or neuro-
muscular disease. This patient falls into this increased risk
group. In a retrospective study of children undergoing ade-
notonsillectomy with severe sleep apnea, reducing opioid
administration and giving dexamethasone decreased the
incidence of a major respiratory medical intervention by
more than 50%. Decreased doses of opioids should be used
in patients with OSA, with approximately 50% reduction in
dose compared to those without OSA [4, 26, 27].

In addition, acetaminophen should be given either pre-
operatively as an oral premedication or intraoperatively as a
suppository as part of a multimodal analgesic plan.

22. Would you give any non-steroidal anti-inflammatory
drugs (NSAIDs) for postoperative pain control?

Though NSAIDs are effective in treating pain in the
post-tonsillectomy patients [28], theoretically NSAIDs may
increase bleeding by their effect on platelet function. A 2013
Cochrane Database Systematic Review could not include or
exclude an increased risk of bleeding with the use of
NSAIDs in the pediatric post-tonsillectomy population. Of
particular note in this review, ketorolac was not found to
increase risk of bleeding compared to other NSAIDs, as had
been found in past reviews [29]. An earlier practice guide-
line from the American Academy of Otolaryngology—Head
and Neck Surgery recommends avoiding ketorolac because
of bleeding risks [22]. However, ibuprofen may be part of an
opiate-sparing postoperative pain management plan, but this
decision should be discussed with the surgeon in advance.
Questions still remain about NSAID use in this population.

23. Does dexmedetomidine have a role in these cases?
What is dexmedetomidine and how can its pharma-
cology be used to your advantage perioperatively?
What common side effects must you take into
account? Can it be used in the recovery room?

Dexmedetomidine can be used as part of a multimodal
pain regimen. It may decrease required dose of postoper-
ative opioids [30]. It also decreases emergence delirium in
children and can be useful in the immediate postoperative
period [31].

Dexmedetomidine is a centrally acting selective alpha-2
agonist. Compared with clonidine, it is seven times more
selective for alpha-2 receptors than clonidine.

It has sedative and analgesic effects with little respiratory
depression. Some notable side effects include hypotension
and bradycardia [20].

In addition, it can be used in the post-anesthesia care unit
as both an analgesic and as a treatment for emergence
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delirium and agitation. Recovery room nursing staff should
be educated about the side effects of dexmedetomidine (in-
cluding bradycardia and hypotension, as mentioned) though
these are not commonly symptomatic in routine adminis-
tration and dosing.

24. Should this patient be extubated awake or under a
deep plane of anesthesia?

Extubating children under a deep plane of anesthesia is a
practice undertaken to decrease risk of bleeding after ton-
sillectomy. However, many children are extubated awake
without an increased risk of post-tonsillectomy bleeding.
One might expect that in patients with sleep apnea, an
increased risk of respiratory complications would be found
with deep extubation. Post-tonsillectomy, these patients are
still at risk of obstruction on extubation, and this risk would
be increased under a deep plane of anesthesia. The risk of
laryngospasm would also likely be higher.

However, one study did not demonstrate increased
complications with deep versus awake extubation
post-tonsillectomy in children, even in patients with
comorbidities including Down syndrome, craniofacial
abnormalities, OSA, or presence of URI within two weeks,
among other factors. The only increased risk of perioperative
respiratory complications in this study was with children
weighing less than 14 kg [32]. Preoperative diagnosis and
symptoms of OSA, ability to mask ventilate and intubate the
patient should be taken into account when considering deep
versus awake extubation.

25. In the recovery room, the patient is comfortable and
sleeping. His oxygen saturation is on pulse oximetry
is in the mid-1990s. The parents ask you if the sur-
geon will give them a prescription for codeine post-
operatively for pain. Do you think codeine is an
appropriate postoperative analgesic for this patient?

Codeine is not an appropriate postoperative analgesic for
this patient. In 2013, the Food and Drug Administration
issued a “boxed warning” and a “contraindication” for
codeine use in children after tonsillectomy and/or ade-
noidectomy. Codeine is converted to morphine by the liver.
Some patients are “ultra-metabolizers” of codeine, convert-
ing codeine into “life-threatening” or “fatal amounts of the
drug. This boxed warning was issued as a result of deaths
and other serious adverse events in children after tonsillec-
tomy and/or adenoidectomy who had taken codeine [33].

26. The surgeon had planned to give codeine to the
patient for postoperative pain control. What would
you recommend to the surgeon for postoperative
pain control?

According to the 2011 AAO–HNS guideline, it is
important to educate the caregiver to communicate with the
child about pain severity, pain medications, hydration, reg-
ularly scheduled pain medication, rectal administration of
acetaminophen if oral medication is refused, and normal
pain increase in the mornings [22]. Acetaminophen on a
scheduled basis is recommended as first-line post adeno-
tonsillectomy pain treatment. Ibuprofen may be safe as a
second line medication, and can be discussed with the sur-
geon. Ibuprofen should not be given to the dehydrated
patient because of concern for renal injury. Hydrocodone
and oxycodone can be cautiously administered, but not
codeine. The lowest effective dose should be chosen. Any
child who is excessively sleepy should not receive opioids
[34]. As above, a one time intraoperative dose of dexam-
ethasone reduces postoperative nausea, vomiting, and pain,
but may increase postoperative bleeding severity, though not
incidence of postoperative bleeding [35].

27. Should the patient be discharged home on the same
day of the surgery?

This patient has risk factors for postoperative respiratory
complications and he should stay overnight and have apnea
monitoring. Severe OSA is an indication for inpatient
monitoring after tonsillectomy [4]. Patients with preopera-
tive OSA continue to have OSA on the first postoperative
night, and those with preoperative severe OSA have the most
severe postoperative OSA events [36]. According to
AAO-HNS: Clinical Practice Guidelines for children with
OSA documented by sleep study, these patients should be
admitted overnight for monitoring after tonsillectomy if they
are less than 3 years old or have severe sleep apnea [9].

28. You are on call, and a 10-year old who had a ton-
sillectomy 5 days ago arrives from the emergency
department with post-tonsillectomy hemorrhage for
planned surgical intervention. Describe the time
frame and causes of post-tonsillectomy bleeding.

There are two periods of post-tonsillectomy bleeding.
The first is known as primary hemorrhage and occurs
within the first 24 h of bleeding. It is suspected to be the
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result of inadequate surgical hemostasis. The second time
frame is referred to as secondary bleeding, and most
commonly occurs 5–12 days postoperatively as a result of
premature eschar separation. Rates of primary bleeding
range from 0.2 to 2.2% and secondary bleeding rates range
from 0.1 to 3% [37].

29. What are your concerns in this patient at this time
and how will you address them?

This patient may be hypovolemic as a result of large
volume blood loss, reduced intake from vomiting (swal-
lowed blood can cause gastric irritation and induce vomit-
ing). In addition, the patient may be acutely anemic,
depending on the volume of blood loss and crystalloid
replacement. The patient has likely swallowed blood, and
thus is not fasted, and risk of pulmonary aspiration is
increased. Blood in the oropharynx and supraglottic area can
make visualization on intubation difficult.

A rapid preoperative assessment should be performed,
including signs and symptoms of hypovolemia such as
orthostatic hypotension or dizziness. Other medical history
should be reviewed and previous anesthetic record reviewed
if available, with attention to past intubation and airway
information [2].

The operating room should be prepared with intubation
equipment including more than one direct laryngoscope,
styletted ETTs in multiple sizes, and multiple ETTs. If
possible, more than one anesthesia provider should be pre-
sent for assistance. Blood should be cross-matched and at
least 2 units should be prepared. If large volume bleeding
has taken place or is ongoing, or if the patient is hemody-
namically unstable, blood should be available in the oper-
ating room, or even infusing while being transported to the
OR. Prior to induction, standard monitoring should be
applied and large bore IV access obtained. Two suction sets
should be available, in the event that one suction becomes
obstructed or non-functional for any reason.

Intravenous access should be established prior to induc-
tion of anesthesia for both administration of fluids and blood,
and medication administration.

Preoxygenation of the patient should take place in the left
lateral decubitus position to allow blood to drain away from
the airway. The patient should be turned supine and rapid
sequence induction should be performed. Cricoid pressure
may be applied, though this may not prevent aspiration.

Induction medications should include a hypnotic in a
decreased dose, as a standard dose may lead to severe
hypotension in the hypovolemic patient. If the patient is
already hypotensive and hypovolemic, vasopressor
administration may be necessary prior to induction.
Unless contraindicated, succinylcholine should be used in

doses of 1.5–2 mg/kg with atropine 200 mcg/kg. The
rationale for the use of atropine is that succinylcholine
alone can stimulate cholinergic autonomic receptors and
cause arrhythmias including bradycardia and asystole.
A cuffed ETT should be rapidly placed to secure the
airway.

After surgical control of bleeding is complete, the patient’s
oropharynx and stomach should be suctioned. The patient
should be extubated awake in the left lateral decubitus position
to promote drainage of secretions or residual blood [2].
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39Laser Surgery of the Airway

Dongdong Yao

Clinical case:
A 57-year-old female with 40-pack-year smoking history

presents with voice hoarseness due to laryngeal cancer and
laryngeal stenosis. She is scheduled for direct laryngoscopy,
suspension microscopy, and laser treatment.

Medications: Amlodipine 50 mg oral daily

Tiotropium (Spiriva®) 2 puffs twice daily

Albuterol 2 puffs PRN difficulty breathing

Allergies: NKA

Past medical
history: Cardiac: hypertension

Pulmonary: chronic obstructive pulmonary
disease (COPD)

Physical
Exam: VS: BP 132/84 mmHg HR 75 bpm RR

20/min SpO2 95% on room air

HEENT: no stridor

Cardiac: within normal limits

Pulmonary: no wheezing

Airway exam: Mallampati class II

Otherwise: insignificant

1. What is a laser and what are the advantages of using
laser in airway procedures?

Though often seen written as “laser,” the term “LASER”
is actually an acronym for “Light Amplification by Stimu-
lated Emission of Radiation.” Lasers emit a narrow, parallel
beam of coherent monochromatic light that can be reflected
by mirrors and focused with lenses. These characteristics

allow surgeons to direct high-energy laser beams onto focal
spots, sometimes in difficult-to-reach narrow spaces, for
precise lesion resection, with minimal bleeding, edema, and
damage to surrounding tissue.

Since its introduction into medical practice, laser use and
applications have been expanded rapidly into many spe-
cialties, including otolaryngology, urology, dermatology,
ophthalmology, etc. Otolaryngologists are among the pio-
neers to develop and optimize this tool in treating various
upper airway pathologies, such as laryngeal stenosis, benign
laryngeal polyps, vocal cord nodules, cysts, granulomas,
recurrent respiratory papillomatosis, and malignant laryngeal
lesions.

2. What are the most commonly used lasers in airway
procedures? What are the major differences between
these lasers?

Different types of laser technologies are used in otola-
ryngeal procedures today, and each type has characteristic
benefits and drawbacks. The operators should find the bal-
ance between tissue efficacy and thermal damage when
choosing a particular laser for any given case.

Since the 1970s, the carbon dioxide (CO2) laser has been
the most commonly used laser in otolaryngeal procedures.
The wavelength of CO2 lasers is 10,600 nm, corresponding
to the infrared light. The energy emitted by CO2 lasers is
completely absorbed by water in the first few layers of cells,
and then transformed into thermal energy, causing instan-
taneous tissue vaporization. In addition, CO2 lasers can be
delivered through a microscope for accurate and efficient
operation on small lesions. These features make CO2 lasers
the ideal cutting/ablating tool for minimally invasive pro-
cedures, with excellent hemostasis. However, one limitation
of the traditional CO2 laser is that it does not allow for
fiberoptic transmission. It needs an articulated light guide to
reflect light to the surgical site, thus it can only be used in
areas that can be aligned directly. This line-of-sight
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requirement limits the use of the CO2 laser to the operating
room (OR) setting as general anesthesia is employed to
enable patient positioning for full direct laryngoscopy.

Other commonly used lasers are the Pulsed Dye Laser
(PDL) and Potassium Titanyl Phosphate–Neodymium–

Yttrium aluminum garnet laser (KTP-Nd-Yag). Different
from the CO2 laser, these lasers emit green light with the
wavelength of approximately 500 nm and selectively target
hemoglobin. Thus, they can selectively heat up blood ves-
sels, causing eradication of vascular lesions while preserving
overlying epithelium. In addition, both PDL and KTP-
Nd-Yag lasers are readily transmitted via a fiberoptic bundle.
Photoangiolysis of the microvasculature has been found to
be an effective treatment strategy for laryngeal conditions
such as recurrent papillomatosis, dysplasia, and microvas-
cular angiomata, especially in the office-based setting,
without the need for general anesthesia.

Lasers are a relatively new component of surgical
equipment for airway procedures. The unique characteristics
of lasers pose potential challenge for anesthesia providers.
Sharing airway with surgeons makes the situation even more
complicated. Mutual understanding and intensive coopera-
tion between different disciplines is crucial for successful
and safe operations.

3. What are the key considerations of airway
evaluation/management for this patient?

Airway evaluation and difficult airway management are
essential skills for anesthesia providers. This is especially
crucial for airway diseases, because they may pose signifi-
cant challenges for airway management.

A detailed history and meticulous physical exam is
always a good starting point. A thorough investigation of the
voice and breathing pattern may elucidate useful information
regarding laryngeal stenosis. Usually the supraglottic stridor
occurs on inspiration; glottic stridor may be inspiratory or
expiratory (depending on the type of lesion); subglottic
lesions presents with biphasic stridor. A hoarse voice indi-
cates the lesion is likely at the level of vocal cords. If the
patient has developed dyspnea, this can be an indication that
laryngeal stenosis may be severe. Furthermore, if the
reclining position worsens the patient’s dyspnea, this finding
is particularly ominous for airway compromise—complete
airway obstruction may ensue if general anesthesia is
induced. In this scenario, awake fiber optic intubation, or
even awake tracheostomy, may be warranted instead.

Radiation therapy may be part of the regimen for some
laryngeal cancer patients. This treatment modality may
produce anatomical alterations in the upper and lower air-
ways, and potentially make the tracheal intubation more
difficult. Special attention should be given to assessing

head/neck mobility, soft tissue edema and fibrosis, mouth
opening, dentition, etc.

Imaging studies are another set of useful tools to evaluate
the laryngeal tumor. They can be a great resource to identify
the anatomical characteristics of the tumor, including its size,
exact location, relationship with vocal cords and other air-
way structures, etc.

Many patients may have undergone indirect laryngoscopy
by the surgeon in clinic prior to surgery. Surgeons may
provide valuable information, such as the severity of laryn-
geal stenosis, the motility and bleeding potential of the
tumor, etc. The importance of discussing the findings and
plans with surgeons preoperatively cannot be
overemphasized.

4. What is your recommendation for preoperative
smoking cessation?

Smokers require special care when undergoing anesthesia
for surgery because smoking is associated with numerous
perioperative comorbidities. The most common periopera-
tive risks associated with smoking are impaired wound
healing, wound infection, and pulmonary complications.

Within 20 min after quitting smoking, the heart rate and
blood pressure drop. Within 12 h after quitting, the blood
carbon monoxide level returns to normal. Abstinence start-
ing 3–8 weeks before surgery will significantly reduce the
incidence of smoking-related complications. The American
Society of Anesthesiologists (ASA) advocates that all
patients presenting for surgery should be questioned
regarding smoking, and provided with an appropriate consult
for smoking cessation. Patients should abstain from smoking
for as long as possible both before and after surgery, and
they should obtain help in doing so.

5. Is there more preoperative testing indicated for this
patient before the scheduled procedure?

For patients with well-compensated mild-to-moderate
diseases undergoing low-risk elective surgical procedure,
and if the procedure is not associated with significant
intraoperative blood loss, routine preoperative testing is
generally not indicated. Instead, a complete history and
thorough physical examination are essential to ensure patient
safety. Based on the findings obtained, some relevant lab
tests may be considered accordingly.

COPD is the most frequently identified risk factor for
postoperative pulmonary complications. When COPD
patients undergo noncardiothoracic surgeries, pulmonary
function testing results are generally not predictive of peri-
operative outcomes.

For this case, no further testing is warranted.
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6. How would you monitor this patient?

Standard ASA monitoring should be sufficient for this
case. This is a relatively healthy patient with good functional
status, coming for a low-risk procedure. No significant blood
loss or fluid shift is expected. Therefore, no additional or
more invasive monitoring is indicated.

Standard ASA monitoring includes:

Oxygenation. An oxygen analyzer with a low-oxygen
concentration limit alarm is recommended. During the laser
airway procedure, a low fraction of inspired oxygen (FiO2)
is delivered to the patient to reduce the potential for airway
fire. The oxygen analyzer ensures the patient is receiving
clinically safe concentration of oxygen throughout the pro-
cedure. A quantitative method of measuring body oxy-
genation such as pulse oximetry is also required.

Ventilation. Every patient receiving general anesthesia
shall have the adequacy of ventilation continually evaluated.
Continual monitoring for the presence of expired CO2

should be employed.
Circulation. The basic monitoring requirements to ensure

adequacy of circulatory function are continuous electrocar-
diogram (EKG), arterial blood pressure (either by noninva-
sive blood pressure monitor or arterial line), and heart rate.
In addition to these, patients undergoing general anesthesia
should also have their circulatory function continually
evaluated by at least one of the followings: palpation of a
pulse, auscultation of heart sounds, monitoring or a tracing
of intra-arterial pressure, ultrasound peripheral pulse moni-
toring, or pulse plethysmography or oximetry.

Body temperature. Esophageal temperature may be
impractical for airway procedures. Other sites such as fore-
head or axilla may be considered, although they may not
reflect the core temperature as accurately.

Other routine monitoring, such as neuromuscular block-
ade monitor, may be considered if clinically indicated (see
question #17).

7. What are the options for airway management in
laryngeal laser surgery?

There are two options to ventilate the patient during
laryngeal laser surgeries: general anesthesia via endotracheal
intubation with intermittent apnea, or jet ventilation.

The advantages of endotracheal intubation are as follows:

(1) It provides a secured airway that prevents aspiration
and allows for controlled ventilation.

(2) It provides surgeons with better access to some areas.

(3) It poses less time constraints to surgeons or
anesthesiologists.

(4) It presents completely immobilized vocal folds, which
afford surgeons more stable working environment.

The disadvantages of endotracheal intubation are as
follows:

(1) It may limit the access to parts of the larynx, and
require intermittent withdrawal of the endotracheal tube
for optimal surgical exposure and resection. This
technique may pose a potential desaturation risk to
patients.

(2) It poses a potential fire risk.

The advantages and disadvantages of jet ventilation will
be discussed later in the text.

8. What is your plan to induce general anesthesia for
this patient?

The detailed plan of the anesthesia induction should be
formulated based on the condition of the airway with special
consideration of the patient’s pathology. If a difficult intu-
bation and/or difficult mask ventilation is suspected, awake
fiberoptic intubation is often the most prudent choice, with
minimal or no pre-induction sedation. Suction should be
readily available for potential bleeding from the laryngeal
tumor during the instrumentation of the airway. If the patient
is not a known or suspected difficult airway, and is com-
pletely free from any symptoms or signs of airway com-
promise, any routine induction technique is considered safe.

9. What are the key components required for surgical
fire?

A surgical fire is defined as a fire that occurs on or in a
patient. An airway fire is a surgical fire that occurs in a
patient’s airway. It may or may not include a fire in the
attached breathing circuit. There are estimated 550–650
surgical fires annually in the United States including airway
and non-airway fires. Laser surgeries of the airway pose a
significant and sometimes deadly risk of fire. Three key
components are required for any surgical fire (sometimes
referred to as the surgical fire triangle):

1. Ignition sources. Electrosurgical units and lasers, using
energy to cut and coagulate tissue, present particular risks
during airway surgeries. Other ignition sources include
fiberoptic bronchoscopes, burrs and drills (due to the
extreme thermal energy that they can create).
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2. Oxidizers. Oxygen and nitrous oxide are commonly used
gases in the OR. They are oxidizers that can increase the
likelihood and intensity of combustion.

3. Fuels. There are a variety of materials in the OR that are
combustible, including endotracheal tubes, sponges/
gauzes, surgical drapes, face masks, nasal cannulae,
and alcohol-containing solutions.

10. How would you prevent an airway fire?

Airway fire often causes devastating complications. The
best way to deal with airway fire is through prevention.
Close communication among OR personnel is essential to
airway fire prevention. Many institutions incorporate fire risk
assessment into the surgical pause before airway surgeries.
This should include a plan for preventing an airway fire as
well as a plan for dealing with an airway fire should it occur
intraoperatively, so that all OR team members know in
advance what to do and what resources are needed.

Several strategies have been developed to tackle the three
components required for surgical fire.

(1) Ignition source/laser. Surgeons should notify the entire
OR crew before each of the laser use so that they can
take preventive measures accordingly. A warning sign
should be placed on the OR entry door to warn of this
risk. The anesthesiologist must keep close communi-
cation with surgeons, and maintain special vigilance
while laser is activated. Laser output should be used
with the lowest clinically acceptable power and dura-
tion. The laser apparatus should be deactivated and put
in standby mode before removing from the surgical
site.

(2) Oxidizers. Before surgeons initiate the laser, nitrous
oxide should be stopped if in use for procedure, and
oxygen concentration should be reduced to the mini-
mum needed to avoid hypoxia.

(3) Fuels. The traditional polyvinyl chloride endotracheal
tubes (ETT), as well as red rubber and silicone tubes,
are easily ignited when exposed to intense heat, and the
byproducts of combusting these materials are poten-
tially toxic. Specially designed laser-resistant ETTs
should always be used for laser airway surgeries.
The U.S. Food and Drug Administration (FDA) has
approved a number of these such ETTs specifically for
laser surgery. Commonly a size 5.0 (with the inner
diameter of 5 mm) laser-resistant ETT is used for adult
patients, for the reason that it will minimize obstruction
of the operative field. The ETT cuff should be filled
with saline tainted with a dye (such as methylene blue)
for the purpose of identifying a rupture of the ETT

cuff by the laser. The gauzes and sponges used in
procedure should be soaked wet.

11. How would you manage an airway fire?

Although airway fire is rare, when it happens, it requires
immediate action. The ASA Task Force on Operating Room
Fires has developed guidelines and an algorithm to manage
OR fires. Anesthesiologists should take the leading role in
managing the airway fire.

First, the surgery should be aborted, and the laser should
be turned off or put in standby mode.

Second, the flow of all airway gases should be stopped,
and the ETT and any other flammable materials such as
sponges and gauzes should be removed to minimize poten-
tial thermal and chemical damage to the airway. Discon-
necting the breathing circuit usually is the quickest way to
stop the gas flow. By removing the oxidizers, the fire
intensity can be significantly decreased or even eliminated.

Third, saline should be poured into the airway to extin-
guish the fire. If the fire does not extinguish on the first
attempt, a CO2 fire extinguisher may be used on the patient if
necessary. If the fire still persists, the OR personnel should
consider activating the fire alarm, evacuating the patient,
closing the OR door, and turning off gas supply to the room.

Fourth, the anesthesiologist should reestablish the airway
and resume ventilation, preferably with room air if tolerated.
An oxidizer-enriched atmosphere should be avoided if
clinically appropriate. The ETT should be examined to see if
any fragments may have been left behind in the airway.
Then the anesthesiologist should carefully assess the airway
for the extent of damage and treat the patient accordingly.
Bronchoscopy may be considered. Findings and further
management plan should be discussed with surgeons.
Depending on the extent of damage, re-intubation or tra-
cheotomy may be indicated.

12. What are other potential hazards in laser surgery
and how to protect the patient from these hazards?

Laser has its unique advantage when used in surgical pro-
cedures. However, it also presents potentially serious and
sometimes fatal risks to both patients and OR personnel. Its
clinical use is subject to some degree of federal regulation and
to voluntary consensus standards to minimize these possible
risks. The FDA has suggested a set of regulations that have
been adopted and modified by several states. The American
National Standards Institute (ANSI) has published the
American National Standard for the Safe Use of Lasers in
Health Care Facilities (Z136.3-2011). These standards and
guidelines should be followed to the maximal extent possible.
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Other than surgical fire, several other potential hazards
are associated with laser use in the OR:

– Atmospheric contamination by laser fumes

Laser beams vaporize tissue with intense energy. During
this process, a smoke byproduct along with fine particulates
of debris is often produced. The amount of smoke produced
varies with the type of surgery, the type of disease, the
amount of lasing employed, and the surgeon’s technique.
Research studies have confirmed that this smoke plume can
contain toxic gases and vapors such as benzene, hydrogen
cyanide, formaldehyde, bioaerosols, dead and live cel
lular material (including blood fragments). At high concen-
trations the smoke causes ocular and upper respiratory tract
irritation. The laser plume may also be mutagenic, terato-
genic, or a vector for viral infection. These airborne con-
taminants generated by laser procedures can be effectively
controlled by a combination of general room and local
exhaust ventilation. The latter can be achieved with an
efficient smoke evacuator at the surgical site. In addition,
special high-efficiency masks are strongly recommended for
OR personnel during laser surgeries.

– Energy transfer to an inappropriate location

The laser system should be put on standby whenever the
laser beam is not being aimed at the target tissue. Occa-
sionally, inadvertent exposure to laser emission does cause
injury to either patients or OR staff. Ocular tissues are
especially susceptible. CO2 lasers can induce serious corneal
damages, while KTP-Nd-Yag, argon, or ruby lasers may
precipitate retina burn. The use of eye protection for both
patients and OR staff during laser surgeries is required
according to the ANSI standards. For the patient, eyes are
shut closed and taped, and then wet gauze pads are applied
on top to avoid any unintentional exposure from laser
beams. OR staff should wear laser safe protective goggles. In
addition, all windows of the OR should be shielded, and
warning signs should be posted on all doors leading to the
OR to alert anyone entering that this danger exists.

Unintentional tissue damage, blood vessel perforation, or
venous gas embolism are other possible complications
associated with laser surgeries.

13. What is the intermittent apnea technique? What is
the special consideration during the apnea phase?

Sometimes even small-size ETTs may still obstruct the
surgical field. The intermittent apnea technique may be
applied to achieve the best surgical exposure.

The patient is first hyperventilated with anesthetic agent
in oxygen. Then the ventilation is paused, and surgeons
remove the laser-resistant ETT from the patient to operate on
the airway lesions. When the patient’s oxygen saturation
starts to decline, surgery will be stopped, and the ETT is
reinserted into the trachea under direct visualization via the
operating laryngoscope. The patient is then hyperventilated
again to allow for the next apnea phase. The intermittent
apnea technique removes the ETT and all the other flam-
mable materials from the airway during the laser treatment,
thus minimizing the fire risk.

The advantages of the intermittent apnea technique are
excellent visibility of the surgical field, and minimal fire
risk while using lasers in the airway. The disadvantages
include time constraint of surgery for each apnea phase,
potential airway trauma through multiple extubation/
re-intubation cycles, inadequate ventilation, aspiration
risk, and variable anesthesia level if using inhalational
anesthesia technique.

Close communication between anesthesiologist and sur-
geon provides the key for safe transition between apnea and
ventilation phases.

14. What is jet ventilation? What are the advantages of
this technique?

Jet ventilation was developed in the 1960s to reconcile
the practical problems of maintaining adequate ventilation
and good surgical exposure during rigid bronchoscopy. It
applies pulsed gas jet into the airway without airtight con-
nection of the patient to the ventilator.

For patients without airway concern, general anesthesia is
induced with routine pre-oxygenation and intravenous
medication such as propofol. After the confirmation of mask
ventilation, neuromuscular relaxant agent is administered,
and the airway is secured with either ETT or laryngeal mask
airway (LMA). Then the operational laryngoscope and jet
ventilator are positioned. Alternatively, the patient remains
apneic while setting up the instruments. Once aligned with
the trachea, jet ventilation is initiated, and chest excursion is
monitored to ensure sufficient ventilation. Supraglottic jet
ventilation provides a complete surgical field. However, it is
not possible to accurately monitor airway pressure or
end-tidal CO2 with this approach. On the other hand,
although airway pressure and end-tidal CO2 monitoring is
achievable with subglottic jet ventilation, a catheter is usu-
ally required for this approach. This may impede surgical
access, and pose potential fire risk as well.

Compared to the ETT, the advantages of jet ventilation
are enhanced surgical exposure, less direct laryngotracheal
mucosal trauma, and lower risk of airway fire.
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In some cases, the intermittent apnea technique is
combined with jet ventilation, so that the instrumentation
can be removed temporarily to further expose the surgical
field.

15. What are the potential complications of jet ventila-
tion? What are the contraindications to this
technique?

The potential complications associated with jet ventila-
tion include the following:

• Gastric distension, without definitive airway protection.
Thus, there is a higher risk of pulmonary aspiration.

• Inadequate ventilation and/or oxygenation. Capnometry
can be greatly inaccurate and usually underestimates the
true end-tidal CO2 value during jet ventilation. The gas
exchange for CO2 becomes insufficient when very high
jet frequencies are used. Intraoperative pulse oximetry
monitoring is mandated.

• Barotrauma, pneumothorax, pneumomediastinum, or
crepitus.

• The passive movement of the vocal cords during venti-
lation makes surgery more difficult.

• Mucosal desiccation. Prolonged exposure to dry gases
under pressure can cause mucosal inflammation, exces-
sive mucous and airway plugging, loss of ciliated
epithelium, or even necrotizing tracheobronchitis.

The contraindications for jet ventilation include the
following:

• Obesity. Reduced chest wall compliance may cause
inadequate ventilation and inadvertent gastric distention.

• COPD. Inadequate expiratory phase may cause breath
stacking and auto-positive end-expiratory pressure
(PEEP), thus increasing the risk of barotrauma. It is
especially dangerous if bullous emphysema is present.

• Retrognathia or overbite. This condition is associated
with challenging oropharyngotracheal alignment.

• Glottic lesions, significant pharyngolaryngeal scarring,
and laryngospasm. Obstructed airways make the com-
plete passive exhalation more difficult, which may lead to
inadequate ventilation and/or barotrauma.

16. What is your plan of anesthesia maintenance for
laser surgery of the airway?

Either the total intravenous anesthesia (TIVA) or
inhalational anesthesia is suited for laser surgeries of the
airway. The choice of one technique or the other depends on
many factors, such as ventilation via ETT versus jet

ventilator, patient medical condition, or the anesthesia pro-
vider’s personal preferences and experience.

For jet ventilation, inhalational anesthetic technique is not
preferred. Because there is no secured conduit to deliver
volatile agents, it is difficult to control their alveolar con-
centration to achieve a stable anesthesia depth. In addition,
overflow of volatile agents will cause OR pollution.

Even for ETT-controlled ventilation, if frequent apnea is
expected during the procedure, TIVA is also recommended.
With TIVA, the delivery of anesthetic agents is relatively
constant, and not affected by intermittent interruption of
ventilation, thus ensure the patient’s stability.

TIVA for laser surgeries in the airway is usually achieved
by combining a hypnotic agent such as propofol with a
short-acting opioid agent such as remifentanil or alfentanil.
Assessing the depth of anesthesia, such as Bispectral index
(BISTM) monitoring, is recommended for TIVA to guide
anesthetic administration.

17. Is neuromuscular relaxant indicated for this
procedure?

Neuromuscular blockade is generally not required for
laser surgeries in the airway, except for intubation, intro-
duction of the operating laryngoscope, and jet ventilation.

Inserting the suspension laryngoscopy is highly stimu-
lating to the patient. Adequate muscle paralysis provides
masseter muscle relaxation and facilitates the optimal posi-
tioning of the laryngoscope. A deep anesthetic and profound
analgesia are further required for this process. Muscle
relaxation is also desirable for jet ventilation; it can improve
chest wall compliance, and minimize the airway obstruction,
thus decreasing the chance for barotrauma.

To achieve satisfactory intraoperative muscle relaxation,
either a continuous succinylcholine infusion or intermittent
boluses of intermediate-acting non-depolarizing neuromus-
cular blockade (NDNMBs) agents are suitable. Succinyl-
choline is associated with cardiac arrhythmias,
hyperkalemia, malignant hyperthermia, and histamine
release. In addition, succinylcholine infusion may cause
phase II block during unexpectedly long procedures. On the
other hand, for short procedures, intermediate-acting
NDNMBs may not be readily reversible at the end, caus-
ing delayed extubation. Therefore, vigilant monitoring of
neuromuscular function with nerve stimulator is required if
NDNMBs are in use.

18. What are the common complications observed in the
recovery room after airway laser surgeries?

• Dental, lip, and other soft tissue injuries. These are the
most common complications associated with laryngeal
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microsurgery. Careful dental and oral inspection is war-
ranted before and after intubation, as well as before and
after instrumentation with the surgical laryngoscope.

• Sore throat and difficulty with swallowing are other
common postoperative complications. Usually no special
treatment is needed other than careful observation. If
these problems arise but do not show improvement over
the first couple of days after surgery, or worsen over that
time, the patient should be referred for consultation with
the ENT specialist.

• Postoperative airway edema. Although lasers can
potentially reduce its incidence, postoperative mucosal
edema is not uncommon for airway surgeries. Patients
usually present with inspiratory stridor in the recovery
room. Intravenous corticosteroids such as dexamethasone
are routinely used as a preventive method. Racemic
epinephrine is the first-line treatment option. Rarely tra-
cheotomy may be indicated for severe postoperative
airway obstruction.

• Postoperative hemorrhage. Just as lasers can be effective in
limiting postoperative airway edema, they can also poten-
tially decrease postoperative bleeding. However, secondary
hemorrhage can occur, especially after extensive tissue
resection. If significant bleeding persists, emergent
re-intubation and surgical exploration may be indicated.

• Pneumothorax and subcutaneous emphysema are rare
complications. Thorough physical examination and chest
X-ray can help with the diagnosis. Re-intubation should
be considered if the patient’s breathing becomes
compromised.

• Laryngospasm. Laryngospasm is first treated with posi-
tive pressure ventilation with 100% oxygen. If laryn-
gospasm persists, small doses of intravenous anesthetic
agent (such as propofol with 0.5–1 mg/kg) or

succinylcholine (0.1–0.5 mg/kg) are treatment options
unless any contraindications exist.
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40Transfusion Reactions
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Case An 18 y/o man presents with a deep laceration on his
right forearm sustained upon breaking a plate glass window
with his fist. He has no other injuries.

Medications: Adderall (amphetamine/dextroamphetamine)

Allergies: NKDA

Past Medical
History:

Attention Deficit Hyperactivity Disorder (ADHD)

Physical
Exam:

BP
110/40

HR
150

RR
25

oxygen saturation:
95% on room air

He appears well developed and of normal height and weight
for his age. His is alert and oriented and cooperative. He is in
moderate distress owing to anxiety and arm pain.
Diaphoresis is apparent on the forehead. He is extremely
tachycardic with a vigorous cardiac impulse. He has no other
injuries. His exam is otherwise unremarkable.

An IV is placed in the uninjured arm. Labs are sent. The
hematocrit is 35%. He is given 3 L of normal saline while
waiting for cross-matched blood. The hematocrit is now
25%. Cross-matched blood is being transfused. The ortho-
pedic surgeon has been summoned.

What is urticarial transfusion reaction (UTR)?

A UTR is minor allergic reaction associated with the
transfusion of a blood product. The reaction is limited to the
appearance of hives. None of the more serious allergic
findings occur; i.e., there is no wheezing, hypotension and
angioedema. It is caused by an antigen/antibody interaction

upon exposure to donor blood product. A number of donor
serum protein antigens have been implicated.

What is the treatment?

When a UTR occurs, the transfusion can be paused while
the patient is evaluated. Once the more serious finding are
ruled out, the transfusion can be restarted. Antihistamine can
be given. Prophylactic antihistamine can be considered but is
not routinely recommended.

What are the signs and symptoms of an anaphylactic
reaction?

Cutaneous manifestations such as urticaria, erythema,
pruritus, and/or angioedema are almost always present.
Wheezing and hypotension usually develop which can be
severe. Gastrointestinal symptoms such as nausea, vomiting,
and diarrhea may be present. The patient may have the
feeling of impending doom. The onset is typically 5–30 min
after intravenous exposure.

What is the treatment?

Anaphylaxis is a medical emergency. The transfusion
should be stopped. Help should be summoned. High-flow
oxygen should be administered. Adequate IV access should
be obtained. If warranted, IO can be considered. Begin
aggressive fluid resuscitation with NS. The patent should be
monitored by continuous ECG and pulse oximetry. Blood
pressure should be checked with a cuff, or if necessary, by
direct palpation. Anaphylaxis is due to the release of
inflammatory mediators such as histamine and cytokines
from mast cells and basophils. Epinephrine slows the release
of these mediators; hence, rapid administration of epinephr-
ine is a key intervention. Intramuscular (IM) epinephrine
administration is favored but IV should be considered if there
are immediate life-threatening manifestations. H1 antihis-
tamines such as diphenhydramine should be administered.
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H2 blockers such as cimetidine can also be given. If bron-
chospasm is present, inhaled beta-adrenergic agonist should
be administered. A high-dose IV corticosteroid should be
administered early but the benefits of corticosteroids will not
manifest for several hours. The blood product should be sent
back to the lab for reanalysis.

What is an acute hemolytic transfusion reaction?

An acute hemolytic transfusion reaction is a
life-threatening emergency caused intravascular hemolysis
of transfused erythrocytes. The most common cause is a
clerical error resulting in transfusion of mismatched blood.
The patient may complain of chills, anxiety, nausea, short-
ness of breath, and flank pain. Patients may develop a fever,
hypotension, and brown urine. The signs and symptoms
usually begin within 15 min of starting the transfusion. If not
recognized, life-threatening hyperkalemia can develop
owing to the on-going release of potassium from the
on-going hemolysis. If a patient is under anesthesia, the
findings can include hypotension, urticaria, wheezing,
hyperkalemia, ECG changes, blood-tinged urine, and
abnormal bleeding. The hemolyzed erythrocytes release
hemoglobin and other proteins into the serum. These pro-
teins precipitate in the renal tubules where they can cause
blockage and eventual renal failure. The coagulation cascade
can become activated (by erythrocytin and other factors)
thereby consuming platelets and clotting factors including
fibrinogen. This can progress to the disseminated intravas-
cular coagulation syndrome.

What is the treatment?

An acute hemolytic transfusion reaction is a medical
emergency. The transfusion should be stopped. Help should
be summoned. The patent should be monitored by contin-
uous ECG looking for manifestations of hyperkalemia such
as peaked T-waves. Fluids should be changed to NS from
LR if necessary to minimize the potassium load. Treatment
includes aggressive hydration and diuresis. The blood pro-
duct should be sent back to the lab for reanalysis. Coagu-
lation labs should be checked frequently for evidence of a
coagulopathy. The complete blood count should be checked
frequently for thrombocytopenia and anemia. Uncontrolled
bleeding in the face of thrombocytopenia and coagulopathy
is an indication for emergency transfusion of blood products
to replace deficient blood components.

What is a febrile non-hemolytic transfusion reaction?

A febrile non-hemolytic transfusion reaction is a diag-
nosis of exclusion. Patents develop a fever during or shortly

after a transfusion, but the manifestations of a more severe
reaction such as acute hemolytic transfusion reaction, ana-
phylaxis, transfusion-associated sepsis, transfusion-related
lung injury are absent. Occasionally, the fever is accompa-
nied by chills, rigors, tachypnea, anxiety, and/or headache. It
is caused by leukocytes in the blood product which release
cytokines when exposed to recipient blood. The now com-
mon use of leukocyte reduced packed red blood cells has
reduced the frequency to less than 1%.

What is the treatment?

Management is symptomatic. Itching and/or a minor rash
can be treated with an antihistamine. Febrile reactions can be
treated with an antipyretic such as acetaminophen.
Premedication with these agents can prevent or ameliorate
febrile non-hemolytic transfusion reactions.

What is a delayed hemolytic transfusion reaction?

A delayed hemolytic transfusion reaction (by definition)
has an onset 24 h after administration of an erythrocyte-
containing blood product. Failure to detect an allo-antibody
on blood-product screening is usually the cause. The
offending allo-antibody is usually an IgG. Some are well
known; for example, Kidd, Duffy, and Kell. After a first
exposure, the antibodies eventually dissipate, but upon sub-
sequent exposure, an anamnestic response ensues. There is a
rapid rise in recipient allo-antibody levels. These allo-
antibodies bind to donor erythrocytes causing a hemolytic
reaction. Presentation can be delayed for 1–4 weeks. The
findings include fever, chills and jaundice. Labs reveal a
pattern consistent with hemolysis; i.e., elevated serum
bilirubin (unconjugated), elevated urinary urobilinogen,
reduced plasma haptoglobin (haptoglobin binds free hemo-
globin and is thereby consumed), elevated serum lactic
dehydrogenase (LDH), hemosiderinuria, methemalbumine-
mia and reticulocytosis.

How is it treated?

Treatment is usually unnecessary. Evidence of on-going
hemolysis should be absent on follow-up testing. Post-
reaction screening will reveal the offending allo-antibody.
Delayed reactions are usually less severe that acute reactions.
Indeed, the diagnosis might be missed entirely—particularly
if the patent has been discharged home. The severity depends
on the pathologic potency of the offending allo-antibody
(e.g., affinity and titer). Allo-immunization is of particular
concern in pregnancy. In particular, an Rh negative mother
can potentially be allo-immunized by an Rh positive fetus.
Consequently, Rh negative mothers are routinely given Rho
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(D) immune globulin prophylactically. Sickle cell patients
with a history of transfusions who develop a delayed trans-
fusion reaction are at increased risk for a vaso-occlusive
crisis. Hematologic testing including allo-antibody screening
may be warranted if repeat pregnancy is planned or surgery is
anticipated.

What is transfusion-related circulatory overload
(TACO)?

TACO is a syndrome of pulmonary edema that includes
dyspnea, orthopnea, peripheral edema, and hypertension,
occurring in the context of transfusion. It is caused by an
excess volume causing a circulatory overload. Risk factors
include age greater than 60 years, congestive heart failure,
pulmonary failure, anemia, and transfusion of a large volume
over a short period of time. Notwithstanding, TACO can
occur in victims of trauma, who are otherwise healthy, who
receive a transfusion using a rapid infusion device. TACO
can be distinguished from TRALI by blood pressure: TRALI
includes hypotension in contrast to the hypertension seen
with TACO.

What is the treatment?

Prevention is preferable to treatment. TACO can be
prevented by giving transfusion products slowly and careful
monitoring so that early intervention is possible. Treatment
includes pulmonary support typically with supplementary
oxygen and diuresis. Bi-level positive airway pressure
(BiPAP) ventilatory support can be considered. Intubation is
rarely required.

What is transfusion-associated bacterial sepsis (TABS)?

TABS is caused by bacteria present in transfused blood
components. Fortunately, TABS is rare, but when it occurs,
it is often life-threatening. Typically, the contamination
occurs during a substandard collection procedure. Signs and
symptoms include fever, chills, and hypotension. In contrast
to typical sepsis, TABS has no localized source of infection.
Notwithstanding, such a source should be carefully ruled
out. Of particular concern, is the possibility that a large
inoculum of endotoxin can be infused, if the blood product
contains gram negative organisms.

What is the treatment?

TABS is treated with broad-spectrum antibiotics and
hemodynamic support. The provenance of the blood product
under suspicion should be investigated.

What is transfusion-related acute lung injury (TRALI)?

Transfusion-related acute lung injury (TRALI) is a
potentially life-threatening syndrome of pulmonary distress
occurring after transfusion of blood product. It is caused by
activation of recipient neutrophils by antibodies from the
donor. (Other immunopathologic mechanisms have been
postulated.) Thus, blood products rich in donor plasma
(e.g., platelets and fresh frozen plasma) are more potent
triggers than plasma depleted blood products (e.g., packed
red blood cells). The activated neutrophils cause injury to
the pulmonary vascular endothelium. The endothelium
becomes “leaky” and pulmonary edema results. By defini-
tion, pulmonary edema must occur within six hours of
receiving blood product. Other causes of respiratory distress
should be ruled out; in particular, volume overload and
congestive heart failure. Indeed, it may not be possible to
distinguish TRALI from other causes of respiratory distress.
TRALI typically presents with the sudden onset of dyspnea,
tachypnea, cyanosis (sPO2 <90%) and fever. Hypotension is
usually present. Rales are usually present. Chest radiography
reveals bilateral, patchy infiltrates; which in severe cases,
can progress to “complete white out.” By definition, if the
respiratory distress can be attributed to another coexisting
condition, TRALI cannot be diagnosed.

What is the treatment?

The treatment of TRALI includes supplemental oxygen,
intravenous fluids, and vasopressors. Bi-level positive air-
way pressure (BiPAP) ventilatory support can be considered.
Intubation may be required in severe cases. In either case, a
lung-protective strategy should be implemented; e.g., use of
low/protective tidal volumes. Corticosteroids can be bene-
ficial. Generally, diuretics are avoided owing to hypotension.
The recipient should not receive any more products from the
implicated donor. The donor of the implicated blood product
should be identified so that the donor can be excluded from
future donations.

The AABB technical manual provides an extensive
reference [1]. Hart et al. [2] provide a more compact refer-
ence tailored to anesthesia providers.
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41Intraoperative Coagulopathies

Alimorad G. Djalali and Anil K. Panigrahi

Case Scenario A 40-year-old Asian female presents for an
elective revision of breast implants. She has previously had a
bilateral mastectomy due to breast cancer. At that time, she
was evaluated for coagulopathy after excessive intra- and
post-operative bleeding (>1000 ml). Excessive bleeding was
also reported after her two cesarean sections.

Her daughter has a chromosomal 22q deletion syndrome.
She denies any history of epistaxis or gum bleeding.

Her coagulation workup demonstrates:

• Normal PT and aPTT, sufficient activity of Factors VIII,
IX, XII.

• Ristocetin cofactor activity is normal. Normal Von
Willebrand antigen level.

• Normal platelets aggregation and function studies.
• Factor V clotting activity and D-dimer levels are pending.
• Fibrinolytic activity studies are ordered.

1. Is there a role for routine coagulation testing in pre-
operative patients?

Routine preoperative coagulation testing has not been
proven to help identify patients at risk for intra- and post-
operative bleeding [1, 2]. Multiple factors contribute to the
low positive predictive value of routine coagulation
screening in operative patients.

• A low prevalence of bleeding disorders in the general
population which when combined with indiscriminant

testing can increase the frequency of false positive
results [3].

• Normal values for coagulation laboratory tests are
defined by values encompassing results from two stan-
dard deviations of the general population. As a result,
2.5% of normal individuals will have prolonged coagu-
lation times.

• Coagulation studies are designed primarily to assess the
coagulation system in patients suspected to have hered-
itary or acquired deficiencies in coagulation factors,
which can lead to significant false negative and false
positive results when applied indiscriminately [4].
– PT and aPTT will demonstrate normal values in

individuals with deficiencies in Factor XIII or
α2-antiplasmin deficiency, both of which can result in
significant surgical bleeding.

– Normal parameters are also observed in patients tak-
ing platelet inhibitors such as aspirin.

– States of pregnancy, stress, or trauma result in
increases in Factor VIII levels which can normalize
PTT values and mask mild Hemophilia A or von
Willebrand disease (VWD).

• False positive testing can result from technical problems
such as heparin contamination of blood samples (drawn
through heparin-locked catheter) or insufficient blood in
tube (elevated citrate concentration), but also can be due
to factor deficiencies that are clinically insignificant, such
as Factor XII deficiency which is found in 2% of the
general population but does not confer an increased
bleeding risk [5].

Consequently, a detailed clinical history, family history,
and physical examination continue to be the most sensitive
methods for identifying patients at risk for significant peri-
operative bleeding.
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2. How would you assess coagulopathy in your patient?

Abnormal hemostasis resulting in clinical bleeding can be
categorized into two groups:

• Failure of primary hemostasis—Defects of the vascular
endothelium or dysfunctional or insufficient platelets.

• Failure of secondary hemostasis—Clotting factor defi-
ciency or defect.

Defects in primary hemostasis generally present as
mucosal or cutaneous bleeding and manifest as petechiae
(capillary hemorrhage), ecchymoses, or menorrhagia. These
platelet or endothelial disorders result in immediate bleeding
after vascular injury and rarely present as delayed bleeding.
Alternatively, coagulation disorders usually present as large
ecchymoses or diffuse deep soft tissue hematomas. Bleeding
in these conditions can often be delayed from the inciting
trauma.

Understanding the different presentation of these disor-
ders along with a detailed medical history (including medi-
cations) and physical exam can help focus diagnostic
evaluation to appropriate laboratory tests [6].

3. What are the major steps of the coagulation cascade?

Hemostasis is achieved through the coordination of cel-
lular interactions and enzymatic reactions. Primary
hemostasis refers to the action of platelets and occurs after
injury to the endothelium resulting in exposure of collagen.
As circulating platelets come into contact with the exposed
collagen, they slow and begin to adhere to the vessel
endothelium. Release of von Willebrand factor (VWF) by
endothelial cells enhances platelet adhesion by binding to
collagen as well as the platelet receptor glycoprotein
(GP) Ib/FIX/FV complex [7]. Subsequently, platelets
become activated, releasing the contents of their storage
granules, which in turn recruits additional platelets and
promotes platelet aggregation. This initial platelet plug
serves as a substrate for further clotting factor reactions
which has been termed secondary hemostasis.

Clotting reactions have historically been described as an
ordered cascade of serial events divided into the intrinsic
system, extrinsic system, and the common pathway.
Although, current evidence indicates that clotting begins
with the generation of tissue factor (TF)/Factor VIIa (FVIIa)
complexes which then activates Factor IX (FIX) to FIXa [8],
the original cascade model is helpful for diagnosing defects
identified by coagulation screening tests, as the tests were
designed with this organization in mind.

• The intrinsic system includes coagulation Factors XII,
XI, IX, and VIII, and prekallikrein and high molecular
weight kininogen. The intrinsic system begins with
activation of Factor XII from exposure to a negatively
charged surface and is monitored using the activated
partial thromboplastin time (aPTT) assay.

• The extrinsic system is comprised of tissue factor (also
known as tissue thromboplastin) and Factor VII.

• The intrinsic and extrinsic systems converge to the
common pathway consisting of Factors X, V, II, and
fibrinogen. The final step of the common pathway
involves the formation of fibrin from fibrinogen by acti-
vated Factor II (thrombin).

4. What do aPPT and PT assess?

The two primary tests used to screen for coagulation
disorders are the activated partial thromboplastin time
(aPTT) and the prothrombin time (PT) which measure the
intrinsic and extrinsic coagulation pathways, respectively.

• The aPTT assay is used as screening test for deficiencies
in factors of the intrinsic system, monitoring heparin
therapy, and detecting lupus anticoagulant.
– The aPTT will be prolonged in patients with

decreased levels of intrinsic and/or common pathway
components.

• The PT assay is used to screen for deficiencies in
extrinsic system and common pathway components and
to monitor oral anticoagulant therapy.
– The PT will be prolonged with decreased levels of

fibrinogen, Factors II, V, VII, or X.

5. How are the aPTT and PT tests performed?

The activated partial thromboplastin assay is performed
by first incubating patient plasma with contact activators,
namely phospholipid and silica or kaolin for several minutes.
This incubation results in the autoactivation of Factor XII,
which with the cofactors prekallikrein and high-molecular-
weight kininogen, activates Factor XI. Factor XIa then
converts Factor IX to IXa. Next calcium is added to facilitate
Factors IXa/VIII activation of Factor X. Factors Xa/V con-
vert Factor II to IIa (thrombin) which then cleaves fibrinogen
to fibrin. The time for clot formation is measured. The
preincubation step with contact activators is the reason the
assay is termed activated partial thromboplastin time.

The prothrombin time is performed by incubating
patient’s plasma with thromboplastin (recombinant tissue
factor/phospholipid/calcium mixture). After incubation,
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calcium is added to the mixture and the time to fibrin for-
mation is measured.

6. Why is the INR value used?

Due to variations in thromboplastin formulations, pro-
thrombin times will vary from lab to lab. In order to provide
a value to monitor warfarin anticoagulation that would be
comparable between labs, the international normalized ratio
(INR) was designed. It is calculated by dividing the patient’s
PT by the mean normal PT for the local lab. This ratio is
then raised to the power of the international sensitivity index
(ISI) which is a measure of how a specific labs tissue factor
formulation compares to an international reference tissue
factor.

7. What conditions would cause an increase in PT, PTT,
or both?

• Isolated PT prolongation—Factor VII
inhibition/deficiency

• Isolated aPTTprolongation—Heparin therapy, FactorVIII
deficiency, Factor IX deficiency, Factor XI deficiency.
Deficiencies in Factor XII, prekallikrein, high molecular
weight kininogen, or presence of lupus anticoagulant
(anti-phospholipid antibody) will prolong aPTT without
clinically significant increase in bleeding risk.

• Prolongation of PT and aPTT—Liver disease, vitamin K
deficiency, anticoagulant therapy, DIC, massive transfu-
sion, deficiencies or defects in Factors X, V, or II,
dysfibrinogenemia.

8. What co-morbidities can cause coagulation
abnormalities?

• Hepatic dysfunction
• Renal insufficiency
• Sepsis (crosstalk of inflammation and coagulation

pathways)
• Severe thyroid dysfunction
• Amyloidosis
• Connective tissue disease
• Neoplastic and paraneoplastic diseases
• Malnutrition
• Inflammatory bowel disease
• Envenomation (e.g., snake bite).

9. What are the major causes of intraoperative
coagulopathy?

• Inherited bleeding disorders

– Bleeding diathesis—VWD (most common),
Hemophilia A & B

– Prothrombotic—antithrombin deficiency, Protein C or
S deficiency, antiphospholipid syndrome, Factor V
Leiden, dysfibrinogenemia

• Acquired bleeding disorders
– Medications—anticoagulants and antiplatelet agents
– Liver disease
– Renal disease (uremic platelet dysfunction)
– Disseminated intravascular coagulation (DIC)
– Prothrombotic—heparin induced thrombocytopenia,

malignancy, immobilization, acquired dysfibrinogen-
emia (e.g., secondary to liver disease or multiple
myeloma)

• Coagulopathy associated with trauma (acute traumatic
coagulopathy)

10. Coagulopathy of trauma, brain trauma and massive
bleeding

The different types of trauma may have different impacts
on the coagulation system. A minor brain injury may create a
more severe coagulopathy than a femur fracture with some
hundred milliliters of blood loss. In general, the amount of
blood lost is a better indicator for the severity of coagu-
lopathy. In this context the following definition of massive
transfusion is helpful:

1. Replacement of entire blood volume within a 24-h period
(10–12 units of packed red blood cells, PRBC’s).

2. Replacement of 50% of total blood volume within 3 h
(5–6 units of PRBC’s).

3. Need for at least 4 units of PRBC’s within 4 h with
continued major bleeding.

4. Blood loss exceeding 150 ml/min.

The definitions of massive transfusion may slightly vary
based on different guidelines.

During the resuscitation of a trauma patient, significant
deficits are encountered: decrease in concentration and
activity of plasma coagulation factors, thrombocytopenia,
and anemia [9]. Ordering coagulation screening studies
during the active bleeding phase is unlikely to yield useful
information. In addition, conventional coagulation tests
(aPTT, PT) need some time to be completed and will not
reflect the real-time situation during active bleeding.

The treatment of massive blood loss is as complex as the
trauma presentation in the operating room. Assessment and
monitoring of fibrinogen levels, platelet count, anemia, and
core body temperature are important factors to consider
when treating a trauma patient [10].
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11. What are the effects of temperature and pH on
coagulation?

Hypothermia compromises fibrinogen synthesis and
reduces the activity of many coagulation factors which
depend on adequate temperature (>35 °C) for optimal
enzymatic function [11]. In addition, lower body core tem-
perature contributes to platelet dysfunction [12, 13]. Nota-
bly, standard coagulation assays will not demonstrate the
effects of hypothermia, as samples are generally warmed to
37 °C prior to analysis.

A physiologic milieu is necessary for coagulation factors
to function. As a result they are less effective in the setting of
acidosis. Clotting dysfunction is observed at pH < 7.2 and is
thought to be due to the inhibition of calcium-dependent
clotting factor complex formation. Specifically, activity of
the prothrombinase complex (Factor Xa, Va, phospholipid,
and prothrombin) progressively decreases as acidosis wors-
ens [14]. In addition, clot formation and its strength is
reduced in an acidotic environment.

12. Which coagulation factor has the shortest half-life
and what is the relevance of it?

Factor VII is the coagulation factor with the shortest
half-life in vivo of 3–6 h. Factors V (t1=2 36 h) and VIII (t1=2
10–14 h) are labile and are the factors most affected during
storage of plasma. Factors V and VIII also appear to be most
commonly deficient in patients with trauma associated
coagulopathy [15]. As a result of these findings and more
recent studies demonstrating morbidity and mortality bene-
fits, early treatment of severe trauma associated coagulopa-
thy by resuscitation of blood products in a 1:1:1 ratio of
PRBCs, FFP, and platelet units is recommended [16, 17].

13. What is activated Factor VII?

Recombinant activated human Factor VII (rFVIIa) can be
administered in situations where Factor VII deficiency is
suspected to contribute to coagulopathy. Activated Fac-
tor VII was initially developed and approved for use to treat
hemophilia in patients who have developed inhibitors to
Factors VIII or IX, acquired hemophilia, or individuals with
isolated Factor VII deficiency. Since its introduction, how-
ever, several off label indications have emerged. In partic-
ular, given the short half-life of Factor VII and its synthesis
by the liver, rFVIIa has been administered to correct coag-
ulopathy in patients with liver dysfunction, especially those
who may be unable to tolerate large volume loads from FFP
transfusion. Additionally, rFVIIa has been used to reduce
microvascular bleeding after trauma and surgery that is not
responsive to standard blood product transfusion.

14. What are fibrinogen degradation products and what
do they affect?

When fibrin polymers are cleaved by plasmin, fibrin
degradation products are released. Tissue plasminogen
activator initially activates plasminogen to form plasmin.
Plasmin is the primary enzyme responsible of fibrinolysis. In
addition to fibrin, plasmin also degrades fibrinogen, and
other coagulation factors. Its action on fibrin polymers lib-
erates dimerized D-domains of fibrin into the circulation.
The crosslinking of D-dimers is the result of Factor XIII
activity during the process of fibrin clot formation. As a
result, an increase in circulating D-dimers suggests fibri-
nolysis of an intravascular clot.

15. What are the indications for transfusion of FFP?

According to the updated ASA Practice Guidelines on
Perioperative Blood Management [18], plasma should be
transfused in the following situations:

• Excessive microvascular bleeding in the setting of an
INR greater than 2.0 without the presence of heparin.

• Excessive microvascular bleeding due to suspected
clotting factor deficiency in patients transfused greater
than 1 blood volume (when coagulation studies are not
readily available).

• Urgent reversal of warfarin when prothrombin complex
concentrates are unavailable.

• Correction of known clotting factor deficiencies when
specific factor concentrates are unavailable.

Notably, plasma transfusion is not indicated when
PT/INR and aPTT are normal, nor is it indicated to increase
intravascular volume.

16. How is cryoprecipitate made and what coagulation
factors does it contain?

Cryopreciptate is generated by thawing fresh frozen plasma
at 1–6 °C. Proteins insoluble at cold temperatures precipitate
and can be collected via centrifugation. This precipitate is
resuspended in a small amount of plasma (usually 10–15 mL).
Each unit contains 200–250 mg fibrinogen, ≥80 IU FVIII,
80–120 IU vWF, 40–60 IU FXIII, and fibronectin. The usual
adult dose is 10 units often administered as a 10-pack. Cryo-
precipitate is a poor source of vitamin K-dependent factors (II,
VII, IX, X). Thus, cryoprecipitate should not be used to
reversewarfarin-induced anticoagulation; instead, FFP should
be used. Similarly, cryoprecipitate should not be used to treat
Hemophilia B (FIX deficiency); instead, recombinant human
factor IX (rFIX) should be used.
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17. How can platelet activity be monitored?

Platelet activity is commonly monitored by aggregome-
try. This process involves incubation of a platelet suspension
(platelet-rich plasma) with specific agonists such as collagen,
ADP, epinephrine, or ristocetin. The time and degree of
platelet aggregation is measured by monitoring light trans-
mission through the suspension which increases as the pla-
telets aggregate.

An alternative is the Platelet Function Analyzer,
PFA-100. This test can be run on whole blood anticoagu-
lated with citrate and stored at room temperature. Platelets
within the blood are subjected to high flow rates within a
capillary tube and are exposed to a collagen-coated mem-
brane. An aggregation agonist (ADP or epinephrine) is
added to provoke platelet aggregation. The resulting
decrease in flow rate is monitored as a platelet plug is
formed. This time is reported as the closure time (CT) and is
prolonged in the setting of platelet dysfunction.

18. What is the thromboelastograph?

The thromboelastograph (TEG) is an assay of the
dynamics of clot formation from whole blood. The TEG
device measures viscoelastic properties of the clot during
formation and lysis which are then analyzed and plotted.
Although TEG technology has been available for some
decades, it has not yet established itself as a routine intra-
operative analysis of coagulation. A recent Cochrane review
found insufficient evidence to support use of TEG to guide
transfusion practice in adult trauma patients; however, the
authors note that this conclusion is likely due to a lack of
consensus over how TEG measurements should influence
patient management [19].

19. What drugs could cause intraoperative
coagulopathy?

The number of therapeutic drugs interfering with normal
hemostasis is ever increasing.

Anticoagulants:

• Vitamin K-antagonists—Warfarin reduces the production
of essential factors such as II, VII, IX and X. Protein C
and S concentrations, both anticoagulation factors, are
also reduced.

• Unfractionated heparin (UFH): UFH is a mixture of
glycosaminoglycans of various lengths. UFH functions
by complexing with antithrombin (AT, formerly known
as antithrombin III) and accelerating its inactivation of

thrombin and Factor Xa. UFH easily dissociates from AT
upon protamine administration.

• Low molecular weight heparin (LMWH): LMWH is a
purified and smaller molecule than unfractionated
heparin with greater anti-Xa activity and little inacti-
vation of thrombin. LMWH has a longer half-life,
which can increase with diminishing kidney function.
Unlike UFH, LMWH cannot be completely reversed
by protamine.
• Fondapariunux and danaparoid are two LMWH-

related compounds with higher specific anti-Xa
activity and long half-lives.

• Direct Xa inhibitors—Rivaroxaban (t1=2 7–17 h), apixa-
ban (t1=2 5–9 h), and edoxaban (t1=2 6–11 h) act to
inactivate circulating and clot-bound FXa. They are
administered orally and do not have a specific reversal
agent.

• Thrombin inhibitors—There are many new formulations
of compounds which inactivate circulating and
clot-bound thrombin (factor IIa).
– Parenteral—bivalirudin (t1=2 25 min), argatroban (t1=2

40–50 min), desirudin (t1=2 2 h)
– Oral—dabigatran (t1=2 12–17 h); there is no reversal

available for dabigatran.

Antiplatelet Agents:

• Aspirin—Aspirin irreversibly inhibits the platelet
cyclooxygenase and thromboxane A2. Other
non-steroidal anti-inflammatory drugs such as ibuprofen
and celecoxib inhibit the cyclooxygenase in a mostly
reversible fashion. The risk of significant intraoperative
bleeding after aspirin or NSAIDs therapy is low.

• ADP receptor blockers—These agents block the platelet
P2Y12 receptor which is responsible for binding of ade-
nosine diphosphate (ADP), thereby limiting platelet
aggregation.
– Clopidogrel, ticlopidine, prasugrel, ticagrelor, and

cangrelor are examples of ADP receptor blockers.
• GP IIb/IIIa Inhibitors—Agents in this class inhibit pla-

telet aggregation by preventing crosslinking mediated by
GP IIb/IIIa binding of fibrinogen.
– Abciximab, tirofiban, or eptifibatide are currently

used GP IIb/IIIa Inhibitors.

Medications with bleeding side effect:

• Selective Serotonin Reuptake Inhibitors can reduce pla-
telet activity by depletion of serotonin from platelet
granules.
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• Valproic acid decreases levels of factors VII, VIII, XIII,
platelets, vWF, fibrinogen, protein C, and antithrombin.

20. What causes HIT?

Heparin induced thrombocytopenia (HIT) results from the
autoantibodies recognizing heparin complexes with platelet
factor 4 (PF4), a protein present in platelet granules. The
autoantibodies recognize PF4 epitopes exposed when it is
bound by heparin, therefore the clinical activity of these
antibodies generally requires heparin exposure. Thrombo-
cytopenia occurs due to clearance of antibody coated pla-
telets by the reticuloendothelial system (spleen, liver), as
well as, platelet consumption through formation of arterial
and venous thrombi. Thrombus formation is felt to be a
result of platelet activation caused by antibody binding.
Onset of thrombocytopenia usually occurs within 5–10 days
of beginning heparin therapy, as this correlates with the
timeframe for antibody formation; however, it can occur
within the first 24 h of exposure if the patient has been
previously exposed to heparin and the antibodies are still
present (1–3 months). The latter is an anamnestic immune
response. Thrombosis can occur in up to 50% of patients
with HIT and can result in skin necrosis, limb gangrene, and
organ infarction [20]. HIT is diagnosed by new onset
thrombocytopenia (counts <150,000/μL) or a ≥ 50%
decrease in platelet count beginning 5–10 days after initia-
tion of heparin therapy along with the presence of platelet
activating antibodies. The ability of these antibodies to
activate platelets can be measured by a serotonin release
assay (SRA) or by heparin-induced platelet aggregation
assay (HIPA). If these tests are not available, enzyme-linked
immunosorbent assays (ELISA) can be used, although they
have higher false positive and false negative rates compared
to functional assays. If HIT is suspected, all heparin con-
taining products should be immediately stopped. Suitable
anticoagulation should be initiated. Initially, the direct
thrombin inhibitors should be used (e.g., argatroban and
bivalirudin). Eventually, patients can usually be transitioned
to warfarin. Direct FXa inhibitors have been used off label.

21. What is VWD and what is its clinical presentation?

VWD is the most common bleeding disorder, being
present in approximately 1% of the general population [21].
It affects men and women in equal proportion. VWD
encompasses several subtypes that present with different
features reflecting either qualitative or quantitative defects in
von Willebrand factor (VWF) resulting in varying thera-
peutic implications [22]. VWF circulates as large multimeric
proteins, which through interactions with platelet receptors
and sub-endothelial proteins, facilitate binding of platelets to

sites of vessel injury. VWF also binds Factor VIII thereby
increasing its half-life and promoting fibrin clot formation.
Patients with reduced VWF concentration or activity may
present with mucosal bleeding, epistaxis, or gingival bleeds.
Interestingly, the level of VWF depends to some extend on
race, blood type, age, and inflammatory status. For instance,
the type O blood group is associated with decreased levels
and half-life of VWF, whereas African Americans seem to
have higher levels.

VWD is classified into three main types:

• Type 1—partial quantitative deficiency of VWF
• Type 2—qualitative VWF variant

– Type 2A—decrease in large VWF multimers;
decreased platelet adhesion

– Type 2B—increased affinity for platelet glycoprotein
Ib

– Type 2M—decreased platelet adhesion, but normal
multimer distribution

– Type 2N—decreased binding of Factor VIII
• Type 3—severe (near complete deficiency of vWF)

Perioperative therapy of VWD includes 3 strategies:

1. Increasing the plasma concentration of VWF by pro-
moting release of the endogenous reserves.

2. Increasing the level of VWF by exogenous administra-
tion of the factor (rFVIII-VWF complex or
cryoprecipitate).

3. Improve hemostasis with other agents.

22. What is the utility of DDAVP in patients with VWD?

DDAVP (desmopressin) promotes the release of VWF
from the endothelial reservoirs, and is useful in VWD type 1
and some subgroups of type 2. It increases the concentration
of FVIII at the same time. Tranexamic acid, an antifibri-
nolytic agent, is of some benefit in therapy of intraoperative
VWD. Desmopressin is a synthetic analog of vasopressin
that is mostly devoid of pressor activity, but retains antidi-
uretic activity.

23. What are the different types of Hemophilia?

There are two major types of Hemophilia, A and B.
Hemophilia A is the most common form (1 out of 5000 live
births) and more likely to be severe. Hemophilia B, also
known as Christmas disease, is less common (1 out of
30,000 live births) [23].

• Hemophilia A—Congenital deficiency of Factor VIII
• Hemophilia B—Congenital deficiency of Factor IX
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Both hemophilias are observed in all ethnic groups and
demonstrate an X-linked recessive pattern of inheritance.
Albeit rare, females can be affected if both alleles are
affected; i.e., both X chromosomes. The severity of hemo-
philia is graded into three categories:

• Severe hemophilia—<1% of normal factor activity
(<0.01 IU/mL)

• Moderate hemophilia—≥1 to <5% of normal factor
activity (0.01 to <0.05 IU/mL)

• Mild hemophilia—≥5 to <40% of normal factor activity
(≥0.05 to <0.40 IU/mL)

Up to 2/3 of hemophilia A and 1/2 of hemophilia B
patients have severe disease.

24. What factor level is required for operative proce-
dures in patients with Hemophilia?

For early joint or muscle bleeding, factor levels of 30–
40% are sufficient. For dental procedures or development of
intramuscular hematomas, a factor level of 50% is desired.
For severe bleeding (intracranial or intraabdominal hemor-
rhage) factor levels of 80–100% are required. Similarly, for
orthopedic and other major surgeries, factor levels of 80–
100% are to be achieved preoperatively. Once bleeding is
controlled, a prophylactic level of 30–50% is maintained in
the post-operative period (10–14 days).

25. How do you dose recombinant Factor VIII (rFVIII)
and IX (rFIX)?

One international unit (IU) of clotting factor is defined as
the amount of factor in 1 ml of normal plasma. Therefore
100% of normal factor level is equal to 1 IU/mL. Due to
differences in volume of distribution, the calculation of
rFVIII and rFIX dosage differs.

• Dose of factor VIII (international units) = weight
(kg) × (desired percent increase) × 0.5.

• Dose of factor IX (international units) = weight
(kg) × (desired percent increase) × F.
– F = correction factor for volume of distribution that

differs with rFIX formulation and varies from 1 to 1.2.
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42Hemophilia

Shamsuddin Akhtar

Case A 23-year-old man with history of moderate hemo-
philia A is scheduled to undergo repair of an incarcerated
right inguinal hernia. His past medical history is significant
for easy bruising and hematomas. His past surgical history is
significant for dental extractions under general anesthesia.
Medications: none.

Clinical Aspects of Hemophilia

What Is Hemophilia? What Are the Different
Types of Hemophilia?

Hemophilia is a disorder characterized by congenital defi-
ciency or low levels of Factor VIII (FVIII), Factor IX (FIX),
or Factor XI [1]. There are three types of hemophilia: FVIII
deficiency is called hemophilia A, FIX deficiency is called
hemophilia B (formerly known as Christmas disease), and
deficiency of Factor XI is called hemophilia C.

Hemophilia is the most common, severe inherited
bleeding disorder recognized in humans. Almost all patients
with hemophilia A and B have a mutation in the gene that
produces FVIII or FIX, respectively. Multiple types of gene
mutations have been described [2]. Because the gene for
FVIII and FIX are located on the X chromosome, hemo-
philia A and B typically follow an X-linked recessive
inheritance pattern and thus affects mostly males [1].
Females with both X chromosomes affected will manifest
the disease. Such patients are rare. About 30% of
hemophilias are caused by a sporadic mutations and present
without a family history of the disorder [1]. The prevalence
of hemophilia A is approximately 1 in 10,000 males and for
hemophilia B is 1 in 50,000 males. The clinical signs and

symptoms and inheritance patterns for hemophilia A and B
are identical [1]. Hemophilia C is rare (1 case per 100,000
persons), and is typically seen in Ashkenazi Jews. Unlike
Hemophilia A or B, it is an autosomal recessive disorder.

What Is Acquired Hemophilia A (AHA)?

Acquired hemophilia A (AHA) is a rare autoimmune disease
caused by immunoglobulin G antibodies that bind to specific
domains on the FVIII molecule, partially or completely
neutralizing its coagulant function [3]. The incidence of
AHA increases with age, with more than 80% of those
affected are age 65 years and older. Half of the cases are
idiopathic, while the remaining cases are associated with
pregnancy, autoimmune disorder, malignancy, or a
drug/allergic reaction.

What Is Von Willebrand Disease?

Von Willebrand (vWD) disease is a disorder of reduced level
or abnormal function of von Willebrand Factor (vWF). vWF
is stored and secreted by the vascular endothelium and
megakaryocytes [2]. vWF has 2 functions: (1) it promotes
platelet adhesion to the sub-endothelium, and; (2) vWF is a
carrier molecule for FVIII and protects it from proteolysis by
activated protein C. Without this interaction, plasma half-life
of FVIII is reduced from 12 h in the presence of vWF, to
only 2 h in it absence [4]. Decreased plasma half-life leads
to low FVIII levels, causing a bleeding disorder simulating
FVIII deficiency [1]. The normal plasma concentration of
FVIII is 100–200 ng/mL, while the concentration of vWF is
approximately 10 µg/mL [1]. The molar ratio of FVIII to
vWF is 1:50. Thus, vWF concentration normally exceeds
FVIII concentration. Six different types of Von Willebrand
disease have been described [2]. As vWF and FVIII are
intimately linked functionally, patients suspected with FVIII
deficiency are also evaluated for von Willebrand disease [2].
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How Do FVIII and FIX Participate in Coagulation?

FVIII has structural similarities to coagulation Factor V
(FV). Both are serine protease enzymes in the coagulation
cascade [1]. FVIII plays a critical role in the amplification of
the coagulation cascade. The physiological activator of
FVIII is thrombin, which cleaves FVIII at 3 sites, releasing
FVIII from vWF and resulting in activated FVIII (aFVIII).
FXa and FIXa can also activate FVIII. aFVIII, in association
with FIX, causes activation of thrombin. This reaction takes
place on antiphospholipid surface (activated platelets), and is
enhanced by the presence of aFVIII by about 200,000-fold.
That is the reason that severe FVIII deficiency profoundly
reduces the rate of FXa generation and adversely affects
coagulation [1]. Deficiency of FVIII or FIX affects the
intrinsic pathway and leads to prolongation of activated
partial thromboplastin time (aPTT). Prothrombin time and
platelet function test (PFA 100) are usually normal in
hemophilia [2].

FVIII is principally synthesized in the liver and vascular
endothelium. Patients with liver failure usually have ade-
quate levels of factor VIII owing to extrahepatic production
including the pulmonary vasculature [1, 5]. It has long been
known that hemophilia can be cured by liver transplantation.

When and How Is Hemophilia Diagnosed?

Evaluation for hemophilia begins with a family history. In
patients with family history of hemophilia, diagnosis can
be made in utero, or in early neonatal life. Either chorionic
villous sampling or amniocentesis can make prenatal
diagnosis. In contrast, when there is no family history, the
diagnosis is often made after an episode of bleeding. Initial
workup will show a normal platelet count and PT with an
abnormally elevated aPTT. Suspicion of a deficiency of
clotting factor is evaluated by measurement of FVIII or
FIX concentrations in the plasma. FIX levels are below
normal in newborns, thus it is advisable to wait for one
month after birth to test for hemophilia B. Isolated low
plasma levels of FIX are almost always caused by con-
genital hemophilia B [1].

DNA analysis can also be used. Specific genetic muta-
tions can be identified in up to 98% of the cases of hemo-
philia [1]. Determination of the specific hemophilia
genotype is now the standard of care in comprehensive
hemophilia management. As vWF and FVIII are intimately
linked functionally, patients suspected with FVIII deficiency
are also evaluated for von Willebrand disease [2].

How Is Hemophilia a Categorized?

Hemophilia A is categorized into three levels based on
severity. Patients with severe hemophilia A have <1% of
normal FVIII, patients with moderate hemophilia have 1–
5% of normal FVIII, and patients with mild hemophilia may
have up to 5–40% levels of normal FVIII. In severe defi-
ciency, the diagnosis is often made in the first 2 years of life,
when the child becomes active. In case of moderate disease
the diagnosis may be made later, typically in the first two
decades. In some cases of mild hemophilia, the diagnosis
may be delayed until later in life, when bleeding occurs after
a surgical intervention [2].

What Is the Clinical Manifestations of Hemophilia
(A and B)?

The clinical features of hemophilia A and B are identical.
Baseline levels of clotting factors determine the bleeding
tendency in hemophilia. In severe cases (with <1% of FVIII
level), intracranial hemorrhage can develop during difficult
childbirth. Spontaneous bleeding episodes occur multiple
times each year. Soft tissue or joint bleeding presents itself
between the age of 6–18 months when the child becomes
more mobile and active. In moderate cases (1–5% of FVIII
level), spontaneous bleeding is rare but easy bruising is
reported. Excessive and prolonged bleeding can occur with
dental procedures, trauma, and surgical procedures. In case
mild cases (5–40% of FVIII level) excessive bleeding is
usually noted with trauma or invasive procedures.

In severe hemophilia, hemarthrosis is a classical clinical
sign. Typically the ankles, knees and elbows are affected, but
hemarthrosis can occur in any joint. Hemarthrosis leads to
swelling, reduced mobility, synovial hypertrophy and
chronic pain [6]. Bleeding into the joints account for 75% of
all bleeding events in hemophilia patients [1, 2]. Subse-
quently, decreased mobility leads to muscle wasting of the
affected limbs.

In addition to hemarthrosis, patients with hemophilia are
prone to excessive and prolonged soft tissue and mucocu-
taneous bleeding. Muscle bleeds are quite common in
hemophilia patients and they occur in calves, thighs, but-
tocks and forearm. If the bleeding is severe, surgical
decompression and fasciotomy may be indicated, since
bleeds into these locations can lead to compartment syn-
drome, entrapment neuropathy and ischemic necrosis. Neu-
rovascular compromise requires urgent factor replacement
and potentially surgical decompression. Chronically, muscle
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and soft tissue hematomas become encapsulated “he-
mophiliac pseudotumors” and may require surgical drainage.
A large proportion of patients with hemophilia suffer from
chronic pain [6].

Intracranial hemorrhage can occur after trauma. Before
the advent of modern medicine, 75% of these intracranial
hemorrhages caused death [6]. Occasionally, spontaneous
hematuria and GI hemorrhage can occur [2].

What Is the Clinical Presentation of Acquired
Hemophilia A (AHA)?

The usual clinical presentation of AHA is spontaneous or
provoked bleeding and an unexplained, prolonged aPTT, in
patients without family history of hemophilia. Spontaneous
subcutaneous hematomas and extensive bruising are com-
mon in AHA. Curiously, hemarthrosis is uncommon [3].

What Level of FVIII Is Necessary for Hemostasis?
What Are the Current Guidelines
in the Nonoperative Setting for Managing
Patients with Hemophilia?

The FVIII level necessary for normal hemostasis are
described in Table 42.1. In the nonoperative setting, severe
hemophiliacs are typically treated after an episode of
bleeding (on-demand) with FVIII or FIX. Prophylactic
therapy, (three times/week), with the aim of keeping the
trough levels above 1% of normal, has been shown to pre-
vent arthropathy associated with bleeding episodes [2, 7, 8].
Many different prophylactic dosing regimens have been
developed for patients with hemophilia [9, 10].

How Much FVIII and FIX Is Present in Fresh
Frozen Plasma, Cryoprecipitate, and Prothrombin
Complex Concentrate [PCC]? How Is Factor VIII
or FIX Replenished?

Fresh frozen plasma (FFP) typically contains 0.7–0.9 U/ml
of FVIII clotting activity [11]. FVIII is most labile, and its
activity falls by approximately 40% in 5 days after thawing
[12]. Cryoprecipitate contains 5–13 U/ml of FVIII clotting
activity. Generally, cryoprecipitate is only be used to treat
Hemophilia A when Factor VIII concentrate is unavailable.
Cryoprecipitate also contains vWF, Factor XIII, and fib-
rinogen [11]. Cryoprecipitate does not contain FIX, thus
should not be used to treat hemophilia B. On the other hand,
three and four factor prothrombin complex concentrate
(PCC) have 20–30 IU/ml of FIX, but do not contain factor
VIII, thus should not be used to treat hemophilia A [12].

A typical bleeding episode is treated with FVIII
replacement therapy especially if it is within 2 h of the
injury. Spontaneous bleeding is typically controlled if FVIII
levels are raised to >50% of normal levels. However, for
major surgery, spontaneous bleeding in critical sites (en-
closed spaces, central nervous system) or severe posttrau-
matic bleeding, FVIII levels need to be elevated to 100%, (or
>125% for FIX, see Table 42.1) and normal levels are
maintained until healing occurs. After a major bleed or
surgery, FVIII levels need to be maintained for 10–14 days.
This can be achieved by bolus dosing or infusion. A bolus
dose that achieves 100% of the desired level, then is fol-
lowed by half the initial dose every 8–12 h, with close
monitoring of the factor levels, with the aim of keeping the
factor levels above 50% in the postoperative period. Alter-
natively, replacement therapy is administered by continuous
infusion at the rate of 3 U/kg/h after an initial bolus dose [1].

Table 42.1 Recommendations for clotting factor replacement (from Ref. [1])

Site of bleed Level desired (%) Hemophilia A (rFVIII) (U/kg) Hemophilia B (rFIX) (U/kg)

Oral mucosa >30 20 40

Epistaxis >30 20 40

Joint or muscle >50 30 50

Gastrointestinal >50 30 50

Genitourinary >50 50 75

Central nervous system >100 75 125

Trauma or surgery >100 75 125
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Administration of 1 U/kg of FVIII should increase the
plasma concentration by 2% relative to the normal level.
Similarly, administration of 1 U/kg of FIX should increase
its concentration by 1%. Therefore, in patients with severe
hemophilia A, to achieve a desired level 100% of normal,
FVIII should be administered at 50 U/kg. The desired con-
centration of FVIII and FIX in different clinical situations is
shown in Table 42.1.

What Is the Half-Life of FVIII? FIX?

All plasma-derived factors have similar pharmacokinetics.
The half-life of FVIII is the shortest. The half-life of FVIII
(recombinant or plasma derived) is 12 h, while for FIX is
24 h.

Preoperative Management

What Specific Information Would You Like
to Know or Prepare for Before Elective Surgery?

Many patients (30%) with severe hemophilia A, who are
treated with FVIII, develop alloantibodies to FVIII at some
stage in their lives. It is important to know about the pres-
ence of these antibodies, since their presence can render a
patient refractory to replacement with exogenous FVIII.
Autoantibodies against factor IX are extremely rare [1]. If a
patient has a low titer, additional FVIII infusion can poten-
tially overcome the antibody effect temporarily. If a patient
has a high titer, administration of rFVIIa may be necessary
to control bleeding. This bypasses the defect in the clotting
cascade. Before the advent of rFVIIa and aPCC, elective
surgery was contraindicated in these patients.

Factor supplementation is required for many days after
surgery. It is important to confirm availability of specific
factor concentrates, not only for the immediate postoperative
period, but also for the period until wound healing is com-
plete [13].

What Other Diseases Should Be Considered
in Patients with History of Hemophilia?

Until the late 1980s, the only sources for factor replacement
products were FFP or cryoprecipitate. Many hemophilia
patients were inadvertently infected with viral diseases like
HIV, and hepatitis B and C. Thus, older hemophilia patients
are at higher risk for acquired immunodeficiency syndrome
(AIDS), chronic hepatitis, cirrhosis, or hepatoma. Liver
disease may lead to thrombocytopenia which can exacerbate
bleeding episodes [2]. Fortunately, recognition of these

potential complications lead to the development of a safer
blood product supply chain. Donors are screened and every
unit is tested. Protocols for viral inactivation have been
developed. Some recombinant replacement products are now
available (rFVIII, rFIX, and rFVIIa).

To What Extent Should the Patient’s Coagulation
Status Be Corrected Before Surgery?

Excessive bleeding is almost inevitable in patients with
severe or moderate hemophilia who undergo surgery.
Bleeding causes pain that leads to poor wound healing and
increases risk of infection. Correction by administration of
specific replacement therapy is mandatory before surgery.
With appropriate multidisciplinary management intra- and
postoperative hemorrhages can be prevented.

The exact factor level required for hemostasis and the
duration of clotting factor replacement after surgery is not
known. A calculated dose of the required factor concentrate
(FVIII or FIX), which will bring the factor levels to 100% of
the normal, should be administered within 10–20 min of
starting the procedure. Trough levels should be maintained
at 80–100% level for the first 3 days after surgery. Between
day 4 and 6, trough level should be between 60 and 80%,
and after day 7 it should be maintained at 40–60% range
[13].

What Is the Role of Desmopressin (DDAVP)
in Patients with Hemophilia?

DDAVP provides an alternate means of increasing plasma
FVIII levels in patients with mild hemophilia. DDAVP
causes the release of endogenous vWF from the endothelial
cells and increases the level of FVIII complex by two- to
fourfold [1, 2]. The levels remain high for 8–10 h [14]. The
rise in FVIII level is proportional to the resting level.
DDAVP also increase platelet adhesiveness independent of
its effect on FVIII complex levels. However, repeated doses
of DDAVP leads to tachyphylaxis due to depletion of
endogenous stores and should not be given for more than 3
consecutive days [1]. Typical intravenous dose is 0.3 μg/kg,
infused over 30 min. The maximum effect is seen after 30–
60 min of intravenous infusion. Because it is a vasopressin
analog, it can cause hyponatremia. DDAVP can be admin-
istered intravenously, subcutaneously, or intranasal. It can be
administered immediately after accidental trauma and hem-
orrhage in patients with mild hemophilia A [2]. It can also be
used in cases of acquired hemophilia and is potentially
effective in patients with low antibody titers.

In contrast to factor VIII, factor IX levels do not rise in
response to DDAVP, thus DDAVP has no role in the
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management of hemophilia B. Preoperative administration
of factor IX is needed to raise plasma concentration to the
desired level for surgery [13].

Intraoperative Management

Was a Role Off Activated Recombinant Factor VII
(RFVIIa) in Patients with Hemophilia? How
Should It Be Administered?

Recombinant activated Factor VII (rFVIIa) or activated PCC
(aPCC) can be useful in the treatment of bleeding episodes in
patients with hemophilia, [10] acquired hemophilia A [3] and
with inhibitors against exogenous FVIII [10]. They are con-
sidered bypass drugs, because FVIIa directly complexes with
the tissue factor exposed at the site of tissue injury, activates
Factor X and produces local hemostasis, while activated PCC
have enough FXa to activate prothrombin to thrombin. The
pathway is independent of FVIII to FIX and is not affected by
their inhibition. As FVIIa has a short half-life (approximately
2 h), it may need to be administered frequently, [2] while
aPCC has a longer half-life of about 7 h [3, 15, 16].

What Is the Role of Antifibrinolytics
in the Management of Patients with Hemophilia?

Antifibrinolytics (tranexamic acid or epsilon aminocaproic
acid) can decrease mucosal bleeding in hemophilia patients
and are most commonly used in the context of oral or dental
surgery. For major surgery, tranexamic acid can be admin-
istered intravenously (typically 1 g) shortly before induction
of anesthesia. Alternatively, oral administration (1 g, 3–4
times daily) may be started, a day or 2 days before surgery,
to ensure adequate blood levels are present at the time of
operation [13]. Tranexamic acid should be continued for 7–
10 days. A longer time may be needed after tonsillectomy,
as the eschar typically falls off 7 days afterwards [1].
Simultaneous use of tranexamic acid and FVIII increases
clot resistance to fibrinolysis [10].

Is It Safe to Administer Intramuscular Injection
in Patients with Hemophilia?

Theoretically, intramuscular injection is safe if the FVIII
activity is greater than 30%. The smallest gauge needle
possible should be used. However, in current practice, it is
unlikely that a patient will require an intramuscular injection.
Most patients will already have an established intravenous

access, temporary or long-term central venous device that
can be used during the intraoperative period.

Is It Advisable to Conduct Neuroaxial Block
for Inguinal Hernia Repair in This Patient?

Neuroaxial anesthesia is contraindicated in patients with
coagulation disorder. However, regional anesthesia can be
conducted in patients who have been appropriately replen-
ished with factor concentrates and have adequate coagula-
tion status. However, in vast majority of cases general
anesthesia would be the anesthetic of choice.

What Precautions Should Be Taken in Intubating
the Patient with Hemophilia?

Though these patients are prone to bleeding, endotracheal
intubation is not a contraindication. Extreme care should be
exercised during laryngoscopy and intubation. Gentle han-
dling of tissues and avoiding unnecessary manipulation is
advised.

Are There Any Specific Considerations
in Choosing a Particular Anesthetic Drug
in Patients with Hemophilia?

Patients with hemophilia may have coexisting liver disease.
Based on the extent of liver dysfunction, drugs that are
metabolized by the liver should be used with caution [17].
Aside from avoiding neuroaxial anesthesia/analgesia, no
particular anesthetic technique can be recommended in
patients with hemophilia.

Postoperative Management

Should This Patient Be Sent Home the Same Day,
After Open Inguinal Hernia Repair?

Inguinal hernia surgery is one of the common surgeries
performed in patients with hemophilia [13]. However, as
discussed above, intraoperative is not the only time when
significant bleeding can happen. High levels of FVIII or FIX
have to be maintained for 7–10 days after surgery, until the
wound is healed. Based on the severity of disease, extent of
surgery, bleeding risk, and resources available, these patients
are typically cared for by a multidisciplinary team, in the
hospital or specialized hemophilia centers.
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How Should a Patient with Hemophilia Be
Managed Postoperatively?

Aspirin, non-steroidal anti-inflammatory drugs (NSAIDS)
that can induce platelet dysfunction, should be avoided in
patients with hemophilia. Pain is typically managed with
opioids.

Special Considerations

Management of Hemophilia Patient
for Emergency Surgery or with Trauma?

Management of patient with hemophilia for emergency
surgery or trauma can be extremely challenging. Specific
clotting factors have to be replenished to 100% the normal
level. Hematologist and blood bank should be involved as
soon as possible. Patient may require adjunctive therapy
with, rFVIIa or aPCC and antifibrinolytics with frequent
monitoring of coagulation status and maintenance of
appropriate factor levels.
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43Sickle Cell Disease: Anesthetic Management

Gustavo A. Lozada

Case
A 27-year-old African-American man presents with a left
ankle fracture sustained the previous day when he slipped on
ice. He has a mild cough. He is anxious. The surgical plan is
an open reduction and internal fixation.
Medications Oxycodone 5 mg: 10 mg PO q4 h

Acetaminophen 650 mg PO q6 h
Hydroxyurea
Folic acid

Allergies: NKDA
Past Medical
History:

Sickle Cell Disease
Pain crises
Pneumonia
Acute chest syndrome
Multiple transfusions

Past Surgical
History

Laparoscopic cholecystectomy
Tonsillectomy
Incision and drainage
of hip abscess

Physical Exam

VS: BP
132/79

HR 100 RR
18

Temp 36.8 °C O2

Saturation: 98%

Height: 5 ft.
9 in.

Weight:
71 kg

GEN: AAOx3, anxious
CHEST: RRR, Bilateral lung fields clear to auscultation
ABD: three small incision scars consistent with trocar

placement
Ext: cast in left lower extremity
Otherwise: insignificant
Labs
Hemoglobin 8 g/dL

WBC 10
Platelets 215
INR 1.0
Glucose 89

1. What is sickle cell disease?

Sickle cell disease is a congenital, autosomal-recessive,
hemoglobinopathy that is characterized by deformed
(sickle-shaped) erythrocytes. It is caused by a single point
mutation in codon 6 of exon 1 in the β-globin gene, which
results in the substitution of the amino acid valine for
glutamic acid. The resultant mutant hemoglobin, hemo-
globin S, differs from normal adult hemoglobin A in the
structure of the β-chains. The homozygous state, hemo-
globin SS, causes the most severe form of the disease. The
heterozygous state, hemoglobin AS, primarily results in a
benign carrier state.

2. What are the pathophysiological implications of hemo-
globin S?

Hemoglobin S is unstable and degrades more rapidly than
hemoglobin A. Due to the instability of this hemoglobin,
iron is released causing oxidative damage to the cell mem-
brane of the erythrocyte and subsequent hemolysis. Resul-
tant free iron in circulation consumes free nitric oxide and
exposes the vascular endothelium to oxidative damage.
Nitric oxide transport within the erythrocyte is also impaired
due to loss of intracellular intact hemoglobin. These events
contribute to the development of a chronic inflammatory
microangiopathy.

In the deoxygenated form, hemoglobin S is insoluble and
precipitates. Precipitated hemoglobin polymerizes, which
deforms the cell. Pathologic cellular dehydration due to
oxidative membrane damage associated with the breakdown
of unstable hemoglobin S also contributes to deforming the
cell. Consequently, the erythrocyte acquires primarily its
characteristic “sickle” shape.
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3. What is the incidence of sickle cell disease?

Sickle cell disease is one of the most common inherited
hemolytic anemias. It affects about 50,000–70,000 people in
the United States [1].

4. What are the clinical manifestations of sickle cell disease?

Sickle cell disease is characterized by chronic hemolytic
anemia, acute painful vaso-occlusive exacerbations, vascular
disease, evolving end-organ damage, and shortened life
span. Manifestations of the disease process include pul-
monary disease, progressive neurological damage, including
intracranial hemorrhage and thrombotic stroke, renal disease,
deep vein thrombosis, and leg ulcers. Pain crises and acute
chest syndrome are the most common acute complications
and are pathognomonic features of sickle cell disease.

5. What is a sickle cell pain crisis?

Sickle cell pain crisis, also referred to as vaso-occlusive
crisis (VOC), manifests predominantly as bone pain and/or
abdominal pain. VOC is a complex process believed to
involve leukocyte adhesion and migration, vasoconstriction,
platelet activation and adhesion, and coagulation. Bone pain
is thought to be caused from either cortical or marrow
infarction, which produces cortical pressure from inflam-
mation and edema. The most common sites of pain are the
lumbar spine, femoral shaft, and knee. Abdominal pain can
arise from abdominal distention, gastrointestinal dysfunc-
tion, and organ infarction or can be referred from the ribs.

6. What is the acute chest syndrome?

The acute chest syndrome (ACS), which has similar fea-
tures to pneumonia, consists of a new lobar infiltration on
chest radiography with chest pain, fever greater than 38.5 °C,
and respiratory distress (wheezing, cough, or tachypnea).
Possible precipitants of ACS include infection, pulmonary
infarction, fat embolism after bone marrow infarction, and
surgical procedures.

Treatment of ACS includes antibiotics, bronchodilators,
supplemental oxygen, incentive spirometry, and considera-
tion of transfusion.

7. What are the leading causes of morbidity and mortality in
sickle cell disease patients?

The leading causes of morbidity and mortality in this
patient population are pulmonary and neurologic disease.
Chronic renal disease is also an important cause.

Sickle cell disease causes chronic progressive lung dis-
ease. It can initially present as lower airway obstruction and

reactive airway disease in children and adolescents and
progress to fibrosis and restrictive lung disease in later stages.
Recurrent episodes of ACS can accelerate the progression of
lung disease. Neurologic disease in sickle cell patients can
include stroke, either hemorrhagic or infarctive. Renal dis-
eases include glomerular disease and papillary necrosis.

8. What is the normal hemoglobin level in a patient with
sickle cell disease?

Most sickle cell disease patients are anemic. Their base-
line hemoglobin levels are usually in the range of 5–10 g/dL.

9. Why is hydroxyurea used in sickle cell disease patients?

Hydroxyurea increases the production of fetal hemoglo-
bin, reduces the expression of adhesion molecules, and
improves NO delivery. It has been shown to reduce pain
episodes and hospitalizations.

10. What are the most commonly performed surgical pro-
cedures in sickle cell disease patients?

Cholelithiasis secondary to chronic hemolysis is common
in these patients. Hence, cholecystectomy is the most com-
monly performed surgical procedure. Splenectomy, hip
arthroplasty from avascular necrosis of the femoral head, and
drainage of bone infections are also common. The most
common neurosurgical procedure performed in sickle cell
disease patients is intracerebral aneurysm ablation.

11. How will you preoperatively assess this patient?

The history should identify the frequency, pattern, and
severity of sickle cell exacerbations. It is important to know
when the patient had the last exacerbation and the length of
his hospital admission. Longer hospitalizations usually
reflect more severe exacerbations. Establish the presence and
extent of organ damage. The most commonly affected
organs are the lungs, kidneys, and brain.

A baseline hemoglobin level, chest X-ray, and urinalysis
should be obtained on all patients. Further studies, including
pulmonary function tests, electrocardiogram, arterial blood
gas, and neurologic imaging should be obtained if warranted
based on the history and extent of organ damage established
and the anticipated surgical stress.

12. Are pulmonary function tests necessary?

Assessment of pulmonary status is essential. More
extensive testing depends on the severity of disease. A chest
X-ray should be obtained for all patients. If extensive lung
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involvement is suspected, then pulmonary function tests can
be considered.

13. Is a preoperative electrocardiogram necessary?

Obtaining an electrocardiogram on this 27-year-old
should be based on history and not ordered reflexively. If
the history or clinical presentation warrants it, then it should
be obtained prior to proceeding with the surgery.

14. Is preoperative neuroimaging necessary?

The brain is one of the most affected organs in sickle cell
disease. Progressive neurological damage, including
intracranial hemorrhage and thrombotic stroke are common
in sickle cell patients. However, the decision to order neu-
roimaging studies in this patient should be based on the
history. Unless the history warrants it, these studies should
not be ordered.

15. Is urinalysis needed prior to surgery?

The kidneys are commonly affected by sickle cell disease.
The preoperative workup of the sickle cell patient includes
urinalysis to assess for renal disease. It should be ordered in
this case.

16. Is a preoperative arterial blood gas required for this
patient?

Unless there is a clinical reason, i.e., the patient shows
signs and symptoms of pulmonary dysfunction (e.g.,
hypoxia), an arterial blood gas is not necessary.

17. Will you order a preoperative hemoglobin level?

Most sickle cell disease patients are anemic with baseline
hemoglobin levels of 5–10 g/dL. It is essential to know the
preoperative hemoglobin level.

18. Can the surgical procedure be performed under regional
anesthesia?

Sickle cell disease is not a contraindication for regional
anesthesia, including neuraxial anesthesia. There are various
options for this patient. The surgery can be performed under
spinal, epidural, combined spinal/epidural, or with a com-
bined popliteal (sciatic) and saphenous (femoral) peripheral
nerve block, either single shot or with catheters. The
peripheral block can also be offered for postoperative pain
control even if general anesthesia is chosen. Regional
anesthesia has certain advantages, including better pain

control, narcotic sparing effect with less side effects, and
earlier discharge.

19. What will be your anesthetic modality for this case?

This surgery can be performed either under general
anesthesia or regional anesthesia. There are certain benefits
to doing the case under regional anesthesia, including
enhanced pain control. If performing an epidural or periph-
eral block with the insertion of a catheter, good pain control
can be established and maintained for a few days.

20. Would you provide premedication for this patient?

Traditionally, concern of causing respiratory depression,
hypoxia, and sickling has resulted in the avoidance of
premedication. However, patients with sickle cell disease
have endured much suffering due to the chronic nature of
their disease. Avoidance of anxiolytic premedication would
be inappropriate if the patient is highly anxious.

Patients with sickle cell disease often have a high level of
opioid tolerance, especially if they have had recent recurrent
episodes of severe pain, which were treated with high doses
of opioids. Therefore opioids should be titrated up to an
appropriate level to avoid unnecessary suffering.

Following administration of any premedication, the same
principle of monitoring the patient for over sedation and
respiratory depression, with pulse oximetry, for instance,
should be employed just as in the general population.

21. The surgeon would like to use a tourniquet for the
procedure and asks for your opinion. What do you tell
her?

The uneventful use of occlusive arterial tourniquets for
orthopedic procedures has been described in a series of 37
patients in three reports [2–4] Clinical reports confirming
that the use of a tourniquet is contraindicated in this patient
population are lacking. Therefore, the surgeon can use a
tourniquet for the procedure.

22. What are the anesthetic management goals for patients
with sickle cell disease?

The goals include providing adequate hydration (nor-
movolemia), good oxygenation, good analgesia, avoiding
hypothermia, acidosis, and venous stasis.

23. What are your fluid management goals in this patient?

There are no studies assessing perioperative fluid balance
in sickle cell disease patients. There are data to support
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modification of standard, routine fluid management. There-
fore, normovolemia should be the goal.

24. What intravenous fluid will you use during the surgery?

Any of the commonly used intravenous fluids, such as
lactated ringers, plasmalyte, or normal saline can be used for
fluid maintenance. A colloid, such as albumin can also be
used if indicated.

25. Does hypothermia increase perioperative complications
in sickle cell disease patients?

There are no case reports or studies concluding that peri-
operative hypothermia causes perioperative vaso-occlusive
crisis or other sickle cell disease complications. Hypothermia
has been induced in sickle cell patients during cardiopul-
monary bypass without consequence.

However, the avoidance of hypothermia is a basic
objective of most anesthetics. Therefore, just as it is for the
general patient population, normothermia should be main-
tained and core body temperature should be monitored. An
active warming device such as a forced-air warming blanket
should be applied unless contraindicated.

26. Are there any implications of sickle cell disease for
transfusion therapy?

Red cell alloimmunization, the development of non-ABO
erythrocyte antibodies, has a high incidence in sickle cell
disease patients. Therefore, extensive cross-matching should
be routine. If warranted, a type and screen should be done
well before surgery (a day or two) to give the blood bank
time to find compatible blood products.

In patients with sickle cell disease, there is also a higher
incidence of delayed transfusion reactions, development of
new antibodies, and shortened life span of transfused
erythrocytes.

27. Would you transfuse this patient preoperatively?

Preoperative transfusion is controversial as there is no
consensus on whether there is a benefit. For minor surgical
procedures and patients at lower risk, e.g., younger patients
and patients with milder symptoms, postoperative risks of
sickle cell complications are low, thus the risks outweigh the
benefits. Vis-à-vis. for patients undergoing an extensive
surgical procedures or who are at higher risk, the benefits of
preoperative transfusion are not clear, as there are no studies
that definitively support this practice. There is one small
study that recommended transfusing to a preoperative
hemoglobin level of 10 g/dL, but the study closed early and

had a small number of participants [5]. A discussion of the
risks and benefits with the patient and surgeon is warranted.
Specifically: What is the severity of the patient’s sickle cell
disease? What is their baseline hemoglobin level? What end
organ damage has already occurred? What is the risk for
blood loss? Will a tourniquet be used?

28. Is an arterial line needed for the surgery?

Unless the patient has underlying cardiac disease that
warrants more invasive monitoring, an arterial line is not
needed. A blood pressure cuff is adequate.

29. Is a central venous pressure catheter necessary?

Unless there is a separate indication, monitoring central
venous pressures is not necessary in this patient.

30. How will you induce anesthesia in this patient?

A standard induction will suffice. An intravenous anes-
thetic, such as propofol or etomidate, can be combined with
an opioid, such as fentanyl. Any of the commonly used
non-depolarizing neuromuscular relaxants, such as atracur-
ium, vecuronium, or rocuronium, can be used. There is no
contraindication to using succinylcholine unless the patient
has advanced renal disease.

31. How will you secure the airway?

Either standard endotracheal intubation or use of a
laryngeal mask airway is acceptable for this case. However,
the patient experienced a trauma the day before and it can be
argued that he should be treated as a full stomach.

32. What is your plan for anesthetic maintenance?

As in any other patient, a balanced anesthetic can be
delivered. Isoflurane, sevoflurane, or desflurane can be used.
Adequate analgesia can be accomplished using fentanyl with
either morphine or hydromorphone. Given the chronic use of
narcotics in sickle cell disease, adjuvants should be consid-
ered. For instance, ketamine can be used as part of the
anesthetic. Muscle relaxant can be administered as needed.

If an epidural is in place, it can be used for the case, either
by intermittent bolus or as an infusion.

33. How will you manage the patient’s pain during the
surgical procedure?

Sickle cell patients potentially have a high tolerance to
opioid analgesics, thus higher doses may be required.
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Adjuvants should be considered; for example, ketamine
which has a narcotic sparing effect and has been found to
decrease the hyperalgesic state caused by chronic,
long-standing opioid consumption. And ideally, the patient
should receive a preoperative nerve block.

34. Will your extubation criteria be different for this patient?

The extubation criteria for patients with sickle cell disease
are the same as for patients in the general population.

35. What are the postoperative management goals?

Postoperative management should include standard sup-
portive care plus any interventions appropriate for sickle cell
patients. These include oxygen supplementation as needed,
sufficient analgesia and hydration, early mobilization, and
incentive spirometry.

36. Would you provide supplemental oxygen?

Oxygen supplementation should be employed as in any
other patient; however, since hypoxemia can induce sick-
ling, this is especially important in sickle cell patients.

37. How would you manage the patient’s pain in the PACU?

Multimodal analgesia should be the goal in this sickle cell
disease patient just as it is for the general population patient.
Patients with sickle cell disease have a high tolerance to
narcotics. Some patients may also have problems with
addiction. Dosing of narcotics should therefore be appro-
priate, taking care not to under medicate the patient and
cause unnecessary suffering. A hydromorphone or morphine
PCA should be considered. There are various non-narcotic
adjuvants that can be used in managing postoperative pain.
Among these are pregabalin, gabapentin, acetaminophen,
clonidine, ketamine, and nonsteroidal anti-inflammatory
drugs. These are meant to be adjuvants and not alterna-
tives to opioid analgesics. If a patient did not get a preop-
erative peripheral nerve block, a single shot or continuous
popliteal and saphenous nerve block can be offered.

38. What are possible sickle cell disease associated post-
operative complications?

A higher rate of postoperative complications is seen in
patients with more severe sickle cell disease and with more
extensive surgeries. Two complications, vaso-occlusive cri-
sis and acute chest syndrome, are specific for the sickle cell
disease patient. Vaso-occlusive crisis can result in excruci-
ating pain. Administration of hydromorphone, morphine,
fentanyl, or meperidine is the standard for treating the severe

pain of a sickle cell pain crisis. Consider using a combina-
tion of opioid analgesia with non-opioid adjuvants.
Patient-controlled analgesia or a fentanyl patch is recom-
mended. The acute chest syndrome is a significant compli-
cation of sickle cell pain crises. On average, it develops
3 days after surgery and lasts 8 days. To decrease its pro-
gression, bronchodilators, broad-spectrum antibiotics, sup-
plemental oxygen, incentive spirometry, and appropriate
analgesia are recommended.

39. Is meperidine contraindicated in patients with sickle cell
disease?

Meperidine is not contraindicated in sickle cell disease.
However, because of the accumulation of the epileptogenic
metabolite normeperidine, it should be used with caution,
especially in patients with renal impairment or seizure foci.

40. One hour after arrival in the post anesthesia care unit
(PACU), the patient experiences respiratory distress.
You are called to assess the patient. What do you do?

In addition to disease-specific postoperative complica-
tions, sickle cell disease patients can experience the same
postoperative complications as patients in the general pop-
ulation. Your assessment for postoperative respiratory dis-
tress should include a physical exam with auscultation of the
chest, establishing how alert, awake, and oriented the patient
is, and assessing the vital signs. The cycle of: 1. Evaluate, 2.
Identify, and 3. Intervene, should be followed. Ordering a
chest X-ray and arterial blood gas may be warranted. Sup-
plemental oxygen may be necessary. Treat with bron-
chodilators as needed. If the condition of the patient
continues to deteriorate, you might consider bag-mask
ventilation or intubation. Sickle cell disease patients are at
an increased risk of developing acute chest syndrome; hence,
respiratory distress requires immediate, aggressive treatment.

41. Will your post PACU discharge criteria be different for
this patient?

PACU discharge criteria for sickle cell disease patients
are the same as for patients in the general population. These
include spontaneous respiration without support, stable vital
signs, normothermia, and adequate pain control.
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44Total Hip Replacement

Vijay Patel, Kamen Vlassakov, and David R. Janfaza

Case: THR for end stage arthritis (OA/RA)

1. Preoperative care and coordination (PRE)—assessment,
tests, and medical optimization

2. Day of surgery (DOS)—premedication, monitors, choice
of anesthesia techniques

3. Postoperative care (POST)

CASE:

A 65 y/o man presents for right total hip replacement. He
has intractable right hip pain secondary to end stage
arthritis (RA/OA). Activity severely limited secondary to
pain.

Medications:
• simvastatin 20 mg oral daily
• clopidogrel 75 mg oral daily
• oxycodone 5–10 mg oral every 4 h for pain
• lisinopril 20 mg oral daily
• atenolol 50 mg po daily

Allergies: NKA

Past Medical History:

Cardiac:

• coronary artery disease—s/p drug eluting stent LAD 2 years ago
• hypertension
• hypercholesterolemia

(continued)

Physical Exam:

VS: BP 160/80 mmHg HR 60 RR 12 oxygen
saturation: 98%

1. PRE

A. What are the preoperative considerations for a patient
with OA/RA? Does this patient require any further
evaluation? [1]

Preoperative considerations regarding the anesthetic
management in a patient with RA or OA include review of
possible systemic or multi-organ involvement of the primary
disease, secondary effects of treatments on end organs, as
well as coexisting diseases.

(1) Airway: Evaluation must include careful history and
examination of the cervical spine with concerns for
underlying atlanto-axial subluxation or other cervical
instability. Undiagnosed cervical instability and manip-
ulation of the cervical spine during direct laryngoscopy
can result in potential neurological injury. A thorough
neurologic examination, as well as an evaluation of the
airway with range of motion of the neck should be
performed. It would be prudent to obtain cervical X-rays
if symptoms or physical findings of instability are pre-
sent. Difficulties in intubation may be complicated by a
narrow glottis resulting from direct involvement of the
disease at the cricoarytenoid joint. Patients should be
assessed for any symptoms indicating airway involve-
ment, including hoarseness, which may necessitate
otolaryngology consult. Disease at the TMJ may
severely limit mouth opening and an awake FOB may
also be considered.

(2) Cardiac: rheumatoid arthritis (RA) patients are prone to
pericardial effusion and tamponade. They are also at

V. Patel (&)
Department of Anesthesiology, Lenox Hill Hospital,
100 E 77th St., New York, NY 10065, USA
e-mail: vjpatel8@gmail.com

K. Vlassakov � D.R. Janfaza
Department of Anesthesiology, Perioperative and Pain Medicine,
Brigham and Women’s Hospital, 75 Francis St., Boston,
MA 02115, USA
e-mail: djanfaza@partners.org

© Springer International Publishing AG 2017
L.S. Aglio and R.D. Urman (eds.), Anesthesiology,
DOI 10.1007/978-3-319-50141-3_44

341



increased risk for CAD. In the face of an abnormal EKG
or CXR, a cardiology consult should be considered.

(3) Pulmonary: Fibrosis and restrictive lung disease are a
result of chronic disease and should be assessed with
pulmonary function testing and a pulmonology consult.

(4) Renal/Gastrointestinal (GI): As a result of chronicNSAID
use patients with RA and osteoarthritis (OA) often
develop chronic renal failure and PUD and GI bleeding.

(5) Infectious/Hematologic: Immunosuppression from dis-
ease modifying drugs (DMDs) and steroids may pre-
dispose patients not only to infection but to anemia and
platelet dysfunction.

B. Does the patient’s history of CAD have any implica-
tions? Would this affect your choice of
anesthesia/monitoring? Is he at an increased risk for
cardiac complications intra/post op? What further tests
would you like to assess his cardiac function? Is the
patient’s hypertension a concern? What about the history
of drug eluting stents? Would you delay the case?

A history of CAD in a patient with rheumatoid arthritis is
not uncommon. While drug-eluting stents (DES) delay the
epithelialization and neointimal thickening associated with
coronary artery dilatation, they also carry a longer term risk
of thrombosis. Therefore, patients are routinely placed on
anticoagulants, most commonly a glycoprotein IIb/IIIa
inhibitor like clopidogrel and or aspirin. Current recom-
mendations for dual therapy with stenting are typically
4 weeks with bare metal stents and up to 6 months with drug
eluding stents (depending on the type of stent used).
Although there are no prospective comparative studies
reporting the relative cardiovascular risk of deliberately
stopping antiplatelet medication preoperatively, maintaining
dual antiplatelet therapy is the mainstay of early stent
thrombosis prevention. However, short-term discontinuation
of clopidogrel one-week prior to surgery might be associated
with relatively low risk if aspirin therapy is maintained.

It can be difficult to assess the cardiac status of these
patients based on functional status alone because mobility is
often limited by pain from joint disease. Poor exercise tol-
erance associated with chest pain, or any other cardiac
symptomology should warrant further workup. In most
patients, total hip arthroplasty is performed as an elective
procedure and there should be sufficient time to optimize the
patient’s general medical condition prior to surgery.

Patients with poor exercise tolerance at baseline sec-
ondary to underlying disability need to be appropriately
screened for coronary disease. Patients with known risk
factors for CAD but no known disease may be appropriate
for cardiac stress testing. Traditional treadmill stress test is

likely not feasible and consideration for alternative methods
assess cardiac function and reserve should be considered.

C. What are the implications of clopidogrel on
surgery/anesthetic technique? What further blood tests
would you order? What is the appropriate amount of
time to wait (GA vs. RA is there a difference)? [2]

Clopidogrel (Plavix) is a thienopyridine drug that pre-
vents platelet aggregation by inhibiting ADP
receptor-mediated platelet activation. This results in irre-
versible blockade that extends for the life of the platelet
(which is typically 7–9 days). In the setting of elective
surgery, the discontinuation of clopidogrel for 7 days prior
to the day of surgery is generally recommended because the
degree of inhibition can only be overcome by platelet
transfusion or by the generation of new platelets. If surgery
is performed without holding medication, bleeding risk is
increased and the potential for higher transfusion require-
ments should be discussed and prepared for. Neuraxial
anesthesia in a patient on clopidogrel carries the risk of
epidural hematoma. Therefore, if a spinal injection is to be
performed on a patient prior to 7 days of discontinuation of
the drug.

D. What premedication would you consider/would you
order? Are preoperative/perioperative prophylactic
antibiotics necessary? [3, 4]

Pain control for major joint surgery often incorporates a
“multimodal approach” that begins with the administration
multiple synergistic medications. Studies have shown that a
mulimodal approach has the potential to reduce of opioid
related side effects, improve analgesia, and lead to better
patient satisfaction. Typically, a combination of NSAIDS,
COX-2 inhibitors, and anticonvulsants are employed and
continued in the postoperative period.

The use of preoperative/perioperative antibiotics has
become a standard of care for orthopedic surgeries. They
have been proven to reduce the incidence of surgical site
and prosthesis site infection. Prosthetic site infections
incur staggering costs with the potential need for multiple
reoperations. Therefore, it is recommended that all total
joint replacement patients receive antibiotics prior to any
arthroplasty. The primary agent used in the United States
is typically a 1st generation cephalosporin. The addition of
vancomycin as a second agent is also very common.
Appropriate antibiotic prophylaxsis includes adequate
dosing based on ideal body weight, timing of adminis-
tration with respect to surgical incision and appropriate
re-dosing.
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2. INTRA

1) Does the surgeon’s approach (anterior vs. posterolateral)
have any implications or concerns? [5]

The type of patient positioning for total hip replacement
surgery varies with the surgical approach.

The most common approach is the posterior approach
(lateral decubitus position), where the incision is made from
the lateral aspect of the thigh with the patient in the lateral
recumbent position. The anesthesiologist, together with the
surgical and nursing teams, must be vigilant in maintaining
the legs and spine in a neutral position and properly padding
all pressure points to prevent nerve-related damage and
compression injury. In the lateral position, there is a risk of
excessive lateral neck flexion and pressure on the dependent
limbs. Furthermore, if an anterior stabilizing peg is used to
hold the patient in the lateral position, adequate padding
must be ensured to avoid compression of the femoral tri-
angle. The dependent eye should be free of compression and
both eyes should be taped prior to positioning. A chest roll
(often called “axillary roll”) is placed just caudal to the
axilla, ensuring that weight is not distributed into the axilla
and preventing brachial plexus and vascular compression in
the dependent arm. The dependent arm is placed perpen-
dicular to the body and the nondependent arm is suspended
on a padded arm board with the shoulder and elbow at less
than 90° angles.

Surgeries utilizing an anterior approach are typically
performed in the supine position with the arm on the surgical
side placed across the chest to allow for surgical access to
the operative field as well as positioning of a fluoroscopy
unit used for the surgery. The arm on the nonoperative side
is placed in standard position at less than 90° abduction to
protect the brachial plexus. Access of the necessary fluoro-
scopy unit needed for this surgery should be considered
when positioning both the arm on the operative side as well
as the nonoperative side. Appropriate padding of arm boards
and the arm placed across chest should be utilized to protect
pressure points as well as the ulnar nerves. The most com-
mon nerve injury from positioning is ulnar neuropathy and
the use of padded arm boards, limiting arm abduction to 90°,
positioning the forearm in a neutral or supinated position,
and frequent position and pressure points checks are critical
in preventing this injury.

2) What monitors would you use for this case? Arterial line?
CVP?

All patients undergoing surgery with RA or GA should be
monitored with blood pressure (usually noninvasive), ECG,
and pulse oximetry. If hypotensive anesthesia is to be

attempted, invasive arterial blood pressure monitoring should
be performed. Capnography, inspired oxygen, volatile agent
analysis, and airway pressure monitoring are standard for
general anesthesia. A central line is not necessary in most hip
replacement surgery, but large bore intravenous access is
necessary (two large bore IV catheters are recommended). For
patients undergoing surgery in the lateral position, placement
of IV lines in the lower arm has the advantages of better flow
and keeping the upper arm free for noninvasive blood pressure
cuff. Regardless of anesthetic choice, patient normothermia
should be pursued with forced air warming if available and
temperature should be monitored throughout. Actively
warming the patient may reduce intraoperative blood loss. In
addition, hypothermia may cause poor wound healing,
infection and cardiovascular dysfunction.

(3) What anesthetic technique would you use for this
patient? Does one have an advantage over the other?

Total hip replacement can be performed under general,
spinal, or epidural anesthesia, and often a combination of
techniques is used. Although there are many opinions on
what choice of anesthetic is superior, currently, there is no
evidence of a difference in mortality between the techniques
and significant difference in perioperative morbidity is dif-
ficult to confirm independently. When finalizing the anes-
thetic choice for hip replacement surgery, one should
consider the risks and benefits of either technique. However,
recent studies show several distinct advantages to using
regional anesthesia over general anesthesia.

(4) What are advantages of regional anesthesia [6]?

• The use of regional anesthesia, and neuraxial anes-
thesia in particular, has shown a decrease in intra-
operative blood loss and need for intraoperative and
postoperative transfusion

• Decreased bleeding at the operative site, improved
cement bonding, as well as shorter surgical time are
all reported advantages to regional anesthesia

• Reduced incidence of deep venous thrombosis
(DVT) and pulmonary embolism (PE) in the post-
operative period

• Avoids the effects of general anesthesia and
mechanical ventilation on pulmonary function

• Provides good early post operative analgesia and
leads to decreased length of hospital stay

• Lower overall cost.

The reduced blood loss observed with regional anesthe-
sia, as compared with general anesthesia is likely due to the
reduction in arterial and venous pressures resulting from
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sympathetic blockade, which gives rise to notably less
venous oozing of blood in the surgical field.

(5) What if the patient has: heart valve disorder (AS), low
platelets, COPD?

Although regional anesthesia can provide a safe anes-
thetic in most cases, there are both absolute and relative
contraindications to neuraxial, and particularly, spinal,
anesthesia.

Absolute Contraindications

– Patient refusal
– Bacteremia or sepsis
– Infection at the site of needle insertion
– Coagulopathy, anticoagulation or extreme platelet

dysfunction.

Relative Contraindications

– Preexisting neurological deficits and increased ICP
– Heart disease and valvular disorders
– Inability to cooperate, failure to respond
– Hypovolemia.

Although valvular disorders, such as aortic stenosis, are
not an absolute contraindication to spinal anesthesia, the
decrease in afterload that results from even a modest sym-
pathectomy can have potentially disastrous effects on coro-
nary perfusion. Careful monitoring of arterial blood pressure
should be considered as well as adequate maintenance (and
monitoring) of intravascular volume (preload) and early
aggressive vasoactive treatment (common first-line agent is
phenylephrine) as indicated.

COPD is not a contraindication for regional anesthesia, in
fact, regional anesthesia is often preferred in situations
where endotracheal intubation and mechanical ventilation
are less than desirable.

While a decreased platelet count could potentially
increase the risk of epidural hematoma, it does not represent
an absolute contraindication for regional anesthesia. What
becomes more important than the absolute platelet count is
the pathophysiology and nature of the thrombocytopenia
itself, as well as platelet function.

(6) The patient develops hypotension shortly after induction
… and midway through surgery

Causes/differential diagnosis:

• Venous thromboembolism (VTE) is the most reported
morbidity for THR during the perioperative period

• What are the earliest signs and symptoms of VTE?
• Blood loss and the determinants of CO, CPP. Controlled

hypotension-risks benefits?
• Methyl methacrylate/fat embolism - risk factors?

• Bone cement implantation syndrome: Methyl methacry-
late is an acrylic polymer that has been used extensively
in orthopedic surgery for 30 years. Its use is associated
with the potential for hypoxia, hypotension, and cardio-
vascular collapse including cardiac arrest. The most
likely cause is fat embolization resulting from raised
intramedullary pressure due to the cement expanding as it
hardens. Direct toxic effects of the cement are also pos-
sible. Such problems typically occur soon after cement
insertion, but may sometimes also present at the end of
the operation when the hip joint is reduced (relocated)
and emboli are dislodged from a previously obstructed
femoral vein.

Prevention and treatment

– Ensure adequate blood volume prior to cementing

Increased inspired oxygen concentration prior to
cementing

– Frequent monitoring of blood pressure and capnography
– Cessation of N2O anesthesia
– Pressors to treat hypotension
– Suction applied to the bone cavity by the surgeon to

evacuate air and fat during cement insertion dramatically
reduces the incidence of complications

– Thorough pulse lavage of the medullary space by the
surgeon can significanlty reduce the debris displaced
subsequently by the increased intramedullary pressure

– It may be appropriate to avoid the use of cement in
patients with severe cardiac disease, and this should be
discussed with the surgeon beforehand.

(7) What intraoperative methods can be used to reduce
intraoperative blood loss during THR? What are the
contraindications for using TXA? What are the con-
traindications for using cell salvaging techniques?

The reduction of intraoperative blood loss remains a
central goal for surgeons and anesthesiologists during total
joint surgery. Hypotensive anesthesia and blood-salvaging
techniques have been used to prevent blood loss and blood
transfusion with varying success.

Recently, intravenous tranexamic acid (TXA) has been
employed with data showing that it is not only clinically
efficient but cost-efficient as well. Tranaxemic acid is a
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relatively weak antifibrinolytic that competitively inhibits
the activation of plasminogen to plasmin. It is roughly 8
times more powerful than its predecessor, aminocaproic
acid. Multiple studies have shown the ability of TXA to
reduce intraoperative and postoperative blood loss in total
joint replacement.

The intraoperative administration of TXA does carry a
theoretical increased risk for thromboembolism, but reports
of such events have been limited and require further vali-
dation. Patients who are at increased risk for thromboem-
bolism or conditions that could be further complicated by
thromboembolism, should not receive TXA for prevention
of blood loss during elective surgery.

Patients with the following conditions should be excluded
from elective TXA use:

– History of active arterial or venous thromboembolic
disease

– Coronary stents placed within 1 year
– History of severe ischemic heart disease or MI
– Pregnancy
– Significant renal impairment
– Recent subarachnoid hemorage (SAH)
– Cerebrovascular accident (CVA) within 3 months
– Acquired defective color vision.

(Source: BWH guidelines on TXA administration)
Autologous blood transfusion as a means to reduce the

need for allogenic transfusion typically takes place in the
form of intraoperative cell savaging techniques and preop-
erative blood donation. Preoperative donation typically takes
place within 2 weeks prior to surgery and no less than 72 h
prior to surgery and requires adequate iron supplementation
and considerable cost to the hospital. While preoperative
autologous donation has the benefit of absolving patient
concern about transfusion acquired infection, it is limited in
the volume of blood that can be donated and by the patients
preexisting medical conditions. Patients with active infec-
tion, and those with cardiovascular disease that could be
potentially worsened by donating blood (e.g., ischemic heart
disease) should not participate in preoperative autologous
blood donation.

Blood-salvaging techniques provide a more cost-effective
and-efficient way to provide autologous transfusion during the
intraoperative period without the need for preoperative
donation. It should be considered for all surgeries that antici-
pate a greater than 1 L blood loss and has proven to reduce
transfusion requirements for joint replacement surgeries.

However, blood-salvaging techniques are not acceptable
when blood in the surgicalfield encounters substances that can
damage red blood cells including hypotonic fluids, and in the
presence of topical coagulants and surgical bone cement.

Cell-saver blood salvage techniques have very limited role in
total hip arthroplasty since the quality of the collected blood is
also compromised by debris, including a considerable amount
of fat that is difficult to wash or filter out.

Controlled hypotension and normovolemic hemodilution
are both methods used to reduce blood loss by actively
decreasing perfusion to the bleeding site through different
mechanisms. Controlled hypotension is primarily achieved
intraoperatively using anesthetic and vasodilatory substances
with a goal of reducing MAP to approximately 30% below
baseline. It has been proven effective in reducing blood loss
in a variety of orthopedic procedures and enhancing surgical
field visualization, but it is not without its drawbacks.
Ischemia to organs that are already stressed can lead to end
organ damage and increase mortality and morbidity.

Acute normovolemic hemodilution (ANH) is a technique
that entails the removal of whole blood from a patient
shortly after induction of anesthesia, and maintaining nor-
movolemia using crystalloid and/or colloid replacement. The
effectiveness in ANH reducing the need for allogenic
transfusion is debatable, and the safety of the technique is
dependent on practitioner experience. Therefore, the tech-
nique should be only reserved for patients with an adequate
starting hematocrit and for whom other options are not
feasible. The contraindications for ANH include poor car-
diac function with impaired or hindered cardiac output, a
starting Hg of <11 g/dL, baseline kidney dysfunction, and
underlying platelet or clotting disorders [7–10].

3. POST

(1) What are the most common complications after LE total
joint replacement? Does one technique have better out-
comes than the other in mortality and specific outcomes?

• Thromboembolism

Venous thromboembolism is serious but decreasing risk
following total hip replacement surgery. Patients are rou-
tinely placed on thromboprophylactic regimens in the
immediate postoperative period. Chemoprophylactic therapy
is the preferred method, however, much emphasis is placed
on early ambulation to prevent the formation of DVT.

• Pain and pain control—patient has to be on anticoagu-
lation (AC) with epidural? When to resume AC? Are
there any regional techniques that could offer pain
control?

The hip joint is innervated by the femoral, sciatic and
obturator nerves with skin and superficial tissues receiving
branches from the lower thoracic nerves T10–T12. The gluteal
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nerves and other small branches from the sacral plexus may
also contribute to the joint innervation. Because of the com-
plex innervation of the hip, no single peripheral nerve block is
sufficient for hip replacement. A lumbar plexus block that
blocks the nerve roots of T12–L5, may provide effective
analgesia which extends into the postoperative period (with
the exception of the skin dermatomes of T10–T11). Further-
more, this block should only be performed after appropriate
training due to the technical difficulties and propensity for
complications. The femoral 3 in 1 block, which is technically
easier with fewer complications, may be used as an alternative
to lumbar plexus block with the intention of blocking the
nerves more distally. However, both of these nerve blocks do
not cover the sciatic innervation of the joint, do not reliably
cover the obturator nerve and may provide less effective pain
control than lumbar epidural analgesia.

The use of continuous lumbar epidural anesthesia for
postoperative pain control has proven to be an effective
choice, however, it is challenged by the widespread use of
chemical thromboprophylaxis. Most importantly, postoper-
ative lumbar epidural analgesia interferes with early
mobilization.
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45Local Anesthetics

Cyrus A. Yazdi

Case A 65-year-old 280 lbs woman is brought to the
operating room for open reduction and internal fixation of
right displaced radial fracture. She presents to the ER with a
closed distal radius fracture and the orthopedic surgeon is
unable to reduce the fracture under sedation.

History of Present illness: The patient suffers from a
long-standing, severe osteoarthritis and has fallen the pre-
vious day in her kitchen while cooking. She is complaining
of right wrist pain and paresthesia. She does not remember
what exactly has happened. Her son has found her on the
floor and brought her to ER.

Medication: Diltiazem, furosemide, Naproxen, Aspirin, and
Tylenol PRN.
Past Medical History:
Hypertension since age 33.
Old MI 5 years ago without subsequent symptoms.
Obesity
Past Surgical History:
Tonsillectomy and Adenoidectomy in Childhood
Removal of Gallbladder when she was 40
Foot surgery for fracture 10 years ago, reportedly “under
local anesthesia”—record unavailable.
Allergies: Latex causes rash and itching
Physical Exam: P 100, BP 165/70 mmHg, R 25, T 36.7 °C
Alert and Oriented. Anxious appearing obese lady in pain
Airway: restricted mouth opening, full dentition, unable to
visualized base of uvula.
Lungs: reduced breath sounds bilaterally. Heart: regular rate
and rhythm.

Mild peripheral edema.
CXR: LV concentric hypertrophy.
ECG: NSR, Q waves—lead II, III, AVF; nonspecific ST-T
wave changes.
LABS:
Blood sugar 180 mg/dL; Hgb 12.0 gm/dL; SpO2 (room air)
91%.
The patient has a 18 gauge peripheral IV catheter.

1. What are the possible benefits of regional anesthesia
in this patient?

Regional anesthesia could be used as the primary mode of
anesthesia to avoid airway manipulation; potential risks of
general anesthesia such as airway trauma, respiratory com-
plications, nausea, and vomiting and DVT could be avoided.
Regional anesthesia can provide better postoperative anal-
gesia when compared with intravenous opioids; it can also
contribute to faster postoperative recovery and can facilitate
rehabilitation by providing pain control and increased pas-
sive joint mobility.

Other benefits include increased patient satisfaction,
increased patient responsiveness, reduction of delirium and
better pain control, especially in chronic pain patients. There
is some evidence that it can reduce hospital cost by short-
ening of the postoperative hospital stay [1].

2. What are the contraindications for regional
anesthesia?

Absolute:

• Patient refusal
• Allergy to local anesthetics

– Amide allergies are usually due to the methylparaben
used as a preservative in the multiple dose vials.

– Ester local anesthetics are associated with a higher
incidence of allergic reactions due to one of their
metabolites, para-aminobenzoic acid (PABA).
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Relative:

• Local site infection—alternative distant site for blocking
the relevant nerves may be chosen.

• Bleeding: Restrictions, identical to those for neuraxial
techniques, are observed for anticoagulated patients with
noncompressible vasculature near the nerve block site
[2].

• Preexisting nerve injury: There is no evidence that
properly conducted regional anesthesia can worsen pre-
existing neuropathy. However, the ability to elicit
paresthesias or electrical nerve stimulation, may both be
altered unpredictably. This would logically compromise
nerve localization by these methods, including their
potential for detection of intraneural needle placement
and injection. Also, there is a hypothetical concern about
possible “double-crush” complication compounding, i.e.,
combining preexisting injury with chemical neurotoxicity
or mechanical trauma, especially when the block location
and the area of the preexisting injury are anatomically
close.

• Perioperative neurological examination: If immediate
and/or serial postoperative neurological assessments are
required, regional anesthesia should be avoided; alter-
natively, a nerve block with short-acting local anesthetics
can be considered [3].

• High suspicion and predilection for acute compartment
syndrome—need for neurovascular monitoring. The role
of regional anesthesia in such situation is controversial
and still debated.

3. What are the possible complications of regional
anesthesia?

• Local anesthetic systemic toxicity (LAST) due to acci-
dental intravascular injection, rapid/accelerated absorp-
tion or abnormal threshold/sensitivity. Frequent
aspiration and using ultrasound technique reduces the
rate of intravascular injections. Patients need to be
monitored during and for at least 30 min after performing
regional anesthesia for signs and symptoms of systemic
local anesthetic toxicity.
– Local anesthetics toxicity should be considered in any

patients with any neurological symptoms or cardio-
vascular instability.

– CNS signs include: excitatory (confusion, agitation,
muscle twitching and seizures), depressive (sleepi-
ness, obtundation and coma) or nonspecific—
metallic-like taste, tinnitus or dizziness.

– Cardiovascular signs include: initially, hyperdynamic
states with hypertension and tachycardia, followed by
hypotension, conduction block, ventricular arrhyth-
mias, and asystole [4].

• Peripheral nerve injury (PNI): The traditional mecha-
nisms of PNI have been described in animal models as
mechanical, injection-related, ischemic, and/or neuro-
toxic. Forceful needle-to-nerve contact and/or injection
into the nerve are believed to set in motion a series of
events that might lead to ischemia or neurotoxicity.
Needle trauma to or rupture of the perineurium is
believed to disrupt the fascicle’s protective environment,
which then becomes a crucial contributory factor in
determining the likelihood and severity of subsequent
PNI. Direct application of (otherwise innocuous) local
anesthetic to denuded axons can cause acute inflamma-
tory reactions or neurotoxicity. Such insults are magni-
fied in the setting of a disrupted perineurium and
prolonged exposure to the local anesthetic (as might
occur with vasoconstrictive adjuvants, which reduce drug
clearance or cause ischemia). If the needle does not
completely disrupt the perineurium, injection can tran-
siently elevate intraneural pressure and lead to ischemia.
Bleeding around the nerve or microhematoma within the
nerve can also lead to ischemia. Finally, nonspecific
inflammatory responses can affect single or multiple
nerves and at sites close to or distant from the surgical
site. Such inflammatory changes have been observed
during surgical nerve bypass procedures for permanent
phrenic nerve injuries associated with interscalene block.
The incidence of PNI has remained stable in recent
decades, despite the introduction of ultrasound guidance.
The reported rate of long-term injury is in the 2–4 per
10,000 blocks range. Risk of peripheral nerve injury
depends on surgical, anesthetic, and patient related fac-
tors, and sometimes, it is very hard to pinpoint the exact
cause of nerve injury. Axillary or musculocutaneous
nerve injuries are more likely after shoulder surgery.
Postoperative ulnar neuropathy persists in up to 10% of
elbow replacement patients. The frequency of nerve
injury after total hip arthroplasty (THA) varies widely but
generally falls in the 1% range. The common peroneal
nerve is most frequently injured during THA (0.08–
3.7%). Injuries to the femoral and superior gluteal nerves
occur less often. Most of the nerve injuries will recover
without any intervention within 3–6 months. Neurology
consultation is recommended if persistent sensory or
motor deficits are encountered [5].

• Vascular puncture: hematoma.
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4. What monitors and equipment are required to per-
form regional anesthesia safely?

Standard monitors, including EKG, blood pressure and
pulse oximetry, and appropriate resuscitation equipment
(oxygen, suction catheter, bag-mask, and emergency intu-
bation equipment) are critical when performing regional
anesthesia. Also, immediate access to an emergency
response cart and lipid emulsion is strongly recommended.

5. What type of regional anesthesia will you choose for
this patient? Would you do interscalene brachial
plexus block? Could you list the complications that
might happen after this block?

Interscalene brachial plexus block can often miss C8 and
T1 root distribution (the entire ulnar nerve, but also the
entire medial antebrachial cutaneous and medial brachial
cutaneous nerves, and parts of the radial and median nerves)
so for this patient with distal radius fracture, a more distal
technique, such as axillary brachial plexus block is more
appropriate.

Complications of interscalene brachial plexus block
include:

• Phrenic nerve paralysis in nearly 100%—occurs as
phrenic nerve runs just anterior to the anterior scalene
muscle.

• Hoarseness, due to recurrent laryngeal nerve block.
• Horner’s syndrome with upside-down ptosis, anhidrosis,

nasal stuffiness, miosis and enophthalmus due to spread
of local anesthetic to the cervical sympathetic chain [6]
and very rarely.

• Pneumothorax by direct needle injury to the pleura.
• Spinal or epidural block by injecting directly or chan-

neling into an intervertebral foramen or epidural space.
• Injury or injection into the vertebral artery.

Axillary block The brachial plexus finally evolves into the
peripheral nerves of the upper extremity once it exits from
under the lateral border of the pectoralis minor muscle. The
radial, median, and ulnar nerves surround the axillary artery,
with the musculocutaneous nerve located between the bellies
of the biceps and coracobrachialis muscles.

The axillary block is a good choice for patients having
surgery distal to the elbow. This technique requires the
patient to be placed supine with the ipsilateral arm abducted
90° at the shoulder. The forearm is often flexed at the elbow
such that the hand is almost behind the patient’s head.

The axillary approach to the brachial plexus was devel-
oped primarily as a means to provide anesthesia to the

forearm and hand, while avoiding the risk of pneumothorax
and phrenic nerve block. The drawback, however, is that the
musculocutaneous nerve can be missed and that placement
of the block requires several needle passes, which has shown
to reduce patient satisfaction. Ultrasound guidance has made
identifying and blocking the musculocutaneous nerve rela-
tively easy.

When compared with the supraclavicular approach, the
axillary block is considered by many to require more time
and more needle passes, with decreased fidelity and the
higher likelihood of needing a “rescue block” distal to the
elbow. This may arguably contribute to a decrease in patient
satisfaction. However, the axillary block is still practiced
widely and offers a safe alternative for patients in whom
supraclavicular or infraclavicular block is not a viable option
[6].

6. Most commonly used local anesthetics—basic
pharmacology

All local anesthetics consist of three components:

1. Aromatic benzene ring
2. Tertiary amine
3. Intermediate hydrocarbon linkage

The amino esters are hydrolyzed in the plasma by cho-
linesterase enzyme, whereas the amino amide compounds
undergo enzymatic biotransformation in the liver.

Potency, duration of the block and onset of action
Local anesthetics inhibit electrical conduction of nerves by
blocking the voltage-gated sodium channels within the
nodes of Ranvier. To reach these targets, local anesthetics
must cross the lipid bilayer of the nerve sheath. Local
anesthetic molecules, which are highly lipophilic, easily
penetrate nerve cell membranes and become intracellular,
resulting in channel blockade. Graphs of the potency of local
anesthetics against the oil/water partition coefficients
demonstrate a clear correlation between potency and lipid
solubility [7].

The protein binding capacity of a local anesthetic corre-
lates with the duration of block. Protein binding is also
related to lipid solubility. In general, agents with greater
protein binding have a greater affinity for receptor sites and
attach to sodium channels for a longer period of time. This
means that agents with higher protein binding capacity are
associated with a longer duration of action.

A major determinant of local anesthetic onset is pKa. The
pKa of a local anesthetic molecule is the pH at which 50% of
the agent exists in its ionized and 50% is in its non-ionized
form. The pKa determines the agent’s onset of action. The
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onset is related to the concentration of the local anesthetic
molecules present in the non-ionized form, which is asso-
ciated with penetration of the nerve cell membrane. The pKa
of most local anesthetic agents is higher than physiologic
(7.7–9.0) [8].

Based on their chemical structure, local anesthetics are
classified into two major groups: esters and amides. Com-
monly used (amino) ester local anesthetics include benzo-
caine, 2-chloroprocaine, cocaine, procaine, and tetracaine.
Since ester links are more easily broken, these drugs are
unstable in solution. Commonly used (amino) amide local
anesthetics include bupivacaine, etidocaine, levobupiva-
caine, lidocaine, mepivacaine, prilocaine, and ropivacaine.
Amide solutions are very stable and can be autoclaved [9].

Commonly used (amino)ester local anesthetics are:

1. Procaine (fast onset, very short duration)

Procaine was the first synthetic local anesthetic agent
introduced into clinical practice. It is a relatively weak local
anesthetic with a short duration of action. It has low systemic
toxicity because of rapid plasma hydrolysis. Procaine is
hydrolyzed to p-aminobenzoic acid, which is responsible for
the allergic reactions associated with repeated use of pro-
caine. Procaine is used primarily for infiltration anesthesia,
diagnostic differential spinal blocks in certain pain states,
and obstetric spinal anesthesia.

2. Chloroprocaine (fast onset, very short duration)

Chloroprocaine has short onset and short duration of
action, as well as low systemic toxicity. It undergoes
hydrolysis by human plasma esterases approximately 4 times
faster than procaine. Chloroprocaine is primarily employed
for epidural analgesia and anesthesia in obstetrics because of
its rapid onset and low systemic toxicity in the mother and
fetus. However, frequent injections are required to provide
adequate pain relief during labor. Sometimes, epidural
analgesia is established in the pregnant patient with
Chloroprocaine, followed by a longer-acting agent such as
bupivacaine. Chloroprocaine has also proved of value for
various regional anesthetic procedures in ambulatory surgi-
cal patients for whom surgery is not expected to exceed 30–
60 min and no lasting analgesia is desired. Concerns about
potential myotoxicity and neurotoxicity have limited
chloroprocaine use, but for a recent resurgence of use for
spinal anesthesia in ambulatory patients.

3. Tetracaine (slow onset, long duration)

Tetracaine has been used primarily for spinal anesthesia.
It may be employed as an isobaric, hypobaric, or hyperbaric

solution for spinal blockade, although hyperbaric solutions
of tetracaine are probably used most often. Tetracaine pro-
vides a relatively rapid onset of spinal anesthesia, adequate
sensory anesthesia and profound block of the motor func-
tion. Plain solutions of tetracaine produce an average dura-
tion of spinal anesthesia of 2–3 h, whereas the addition of
epinephrine can extend anesthesia to 4–6 h. Tetracaine is
rarely used for other forms of regional anesthesia because of
its extremely slow onset of action and the potential for
systemic toxic reactions when larger doses are employed. It
is no longer available in the USA.

4. Benzocaine

This local anesthetic is used exclusively for topical
anesthesia. Benzocaine is available in a variety of propri-
etary and nonproprietary preparations. The most common
forms used in an operating room setting are aerosol solutions
for oropharynx and larynx, and ointments for oral/gingival
application and lubrication of endotracheal tubes. One
should remember that benzocaine can also cause methe-
moglobinemia [9].

5. Cocaine

Cocaine was the first agent successfully employed clini-
cally to produce local and regional anesthesia. It has limited
use in modern anesthesia practice because of its relatively
high potential for systemic toxicity and addiction liabilities.
It is listed as a schedule II drug in the United States. Cocaine
is an excellent topical anesthetic agent, and it produces
vasoconstriction at clinically useful concentrations. As a
result, it is still sometimes employed to anesthetize and
constrict the nasal mucosa before nasotracheal intubation,
and otolaryngologists sometimes use cocaine during nasal
surgery because of its vasoconstrictor and topical anesthetic
properties. It is the only local anesthetic that inhibits the
reuptake of catecholamines in the central and peripheral
nervous systems.

Commonly used (amino)amide local anesthetics are:

1. Lidocaine (fast onset, short to intermediate duration)

Lidocaine remains the most versatile and most frequently
used drug in this category. It is popular because of its
inherent potency, rapid onset, moderate duration of action,
topical anesthetic activity and relatively low toxicity.
Available and commonly used concentrations are 1.0–2%
for regional (conduction) anesthesia and 0.5% for intra-
venous regional anesthesia (Bier block). Lidocaine is ideal
for painful/surgical procedures of less than two-hour dura-
tion. However, these properties are also its main weakness. It
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is not the best option for long procedures or for postopera-
tive pain control. Typically, 2% lidocaine is the concentra-
tion selected for profound short duration surgical anesthesia.
In addition, lidocaine is still used for short duration spinal
anesthesia, but is associated with high incidence of transient
neurologic symptoms. Lidocaine is also used in ointment,
jelly, viscous, and aerosol preparations for a variety of
topical anesthetic procedures. Lidocaine is currently the only
agent officially approved in the United States for IV regional
anesthesia.

Lidocaine is administered intravenously as an analgesic
for certain chronic pain states, as an antiarrhythmic, and as a
supplement to general anesthesia, but is rarely employed as
an antiepileptic agent in very low doses (dose-dependent
effect).

2. Mepivacaine (fast onset, intermediate duration)

Mepivacaine structure is very similar to that of lidocaine.
Mepivacaine onset is similar to lidocaine; however, its
duration of action is longer. Mepivacaine may be used for
infiltration, peripheral nerve blocks and epidural anesthesia,
and in some countries, 4–5% hyperbaric solutions of mepi-
vacaine are also available for spinal anesthesia. The most
commonly available concentrations are 1%–1.5%–2%—a
good choice for surgical procedures, when two to three hours
of block duration is needed, but quick postoperative return of
limb function is necessary and severe postoperative pain is
not anticipated.

Unfortunately, mepivacaine is not an effective topical
anesthetic agent. Although toxicity appears to be similar to
lidocaine, the metabolism of mepivacaine is prolonged in
fetus and newborn, and as a result, mepivacaine is not used
for obstetric anesthesia. Mepivacaine has less vasodilator
property than lidocaine; this seems to be particularly useful
for brachial plexus blocks when large volumes of local
anesthetics are administered.

3. Bupivacaine (slow onset, long duration)

Bupivacaine is a popular, generic and low-price local
anesthetic, available as a racemic mixture of its two enan-
tiomers. It remains an appropriate choice for peripheral
nerve blocks placed for postoperative pain control or sur-
gical anesthesia for procedures that are expected to be longer
than several hours. It is available in concentrations of
0.25–0.5% (0.75% is also available, but recommended for
spinal anesthesia only), and it has a slow onset and long
duration of action. Its duration of action is significantly
enhanced by the addition of epinephrine and can be up to
24 h and longer for peripheral nerve blocks, with appropriate
volumes and placement. Higher volumes and concentrations

of bupivacaine may cause a profound block that can be used
as a surgical anesthetic if given enough time for achieving
full effect. Typically, 0.5% bupivacaine is used for surgical
anesthesia, while 0.0625–0.25% for continuous catheter
infusion; 0.25–0.5% bupivacaine single-shot injections are
employed for postoperative pain control, with the lower
concentration spectrum providing some motor function
sparing.

4. Ropivacaine (slow onset, long duration)

Ropivacaine is very close in chemical structure to bupi-
vacaine and exhibits similar properties; it is available in its
S-enantiomer only. Potential advantages of ropivacaine
when compared to bupivacaine include lower cardiotoxicity
and slightly lower potency (with slightly less motor block
for equianalgesic doses), as well as mild vasoconstrictive
properties. It is a good and widely preferred choice for nerve
blocks where high volumes/doses are necessary and signif-
icant absorption is expected.

5. Levobupivacaine (slow onset, long duration)

The clinical profile of levobupivacaine, the S-enantiomer
of bupivacaine, is essentially the same as the profile of
racemic bupivacaine except for its wider therapeutic index
for cardiac toxicity and systemic toxicity. Not currently
available in the USA, levobupivacaine is used increasingly
in Europe.

6. Prilocaine

The clinical profile of prilocaine is similar to that of
lidocaine. Prilocaine has a relatively rapid onset of action
while providing a moderate duration of anesthesia and a
profound depth of conduction blockade. Because this agent
causes significantly less vasodilatation than lidocaine, it can
be used without epinephrine.

Prilocaine biotransformation produces aminophenols that
oxidize hemoglobin to methemoglobin thus limiting its
clinical use. The primary use of prilocaine is in EMLA
cream, a eutectic mixture of prilocaine and lidocaine for
topical application.

7. Etidocaine

Etidocaine is characterized by very rapid onset and pro-
longed duration of action. It has a significantly quicker onset
of action than bupivacaine. Concentrations of etidocaine
required for adequate sensory anesthesia produce more
profound motor blockade. As a result, etidocaine is primarily
useful as an anesthetic for surgical procedures in which
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muscle relaxation is required. Consequently, this agent is of
limited use for obstetric epidural analgesia and postoperative
pain relief, as it does not provide a differential blockade
favoring sensory over motor fibers. The drug was used
infrequently in North America and was subsequently
discontinued.

8. Dibucaine

Dibucaine is only available for topical anesthesia in the
United States. It is more potent than tetracaine, although the
onset of action of the two agents is similar. The duration of
spinal anesthesia is slightly longer with dibucaine. The
degree of hypotension and depth of motor blockade appear
to be less with intrathecal dibucaine than with intrathecal
tetracaine, although the spread of sensory anesthesia is
similar in the two groups.

7. What factors contribute to local anesthetics plasma
levels?

• Site of Injection: Absorption is dependent on the blood
supply at the site of the block. Highly vascular areas are
the higher risk of systemic absorption.
From Fastest systemic absorption to the slowest: Intra-
venous > Intercostal > Caudal, Epidural > Lumbar Epidu-
ral > Brachial plexus > Subcutaneous

• Dose of Local Anesthetics: Risk of toxicity increases
with higher concentrations and doses of the local anes-
thetic agent (See Table 1).

• Choice of Local Anesthetic: high tissue binding (prilo-
caine) and high protein binding capacity (bupivacaine) or
large volume of distribution may result in lower mea-
surable plasma levels, but not predictably diminish sys-
temic toxicity.

• Metabolism: Amide local anesthetics are metabolized in
the liver and esters are degraded by plasma esterases.

• Adding Epinephrine reduces the local anesthetic plasma
levels and also increases the time to achieve the peak
plasma concentrations [10].

8. Are you going to add any other medication to your
local anesthetics mix?

Epinephrine is probably one of the most commonly used
local anesthetic additives in peripheral nerve blocks. It is
typically added in proportions of 1:200,000 to 1:400,000 parts
per solution (5–2.5 lg/mL). It reduces the local anesthetic
absorption by causing vasoconstriction at the site of injection,
thus prolonging the duration of regional blocks when added to
the local anesthetic solutions. Epinephrine should be avoided
in distal extremity blocks, as it is a potent vasoconstrictor.
Also, if injected intravascularly, it can cause systemic hyper-
tension and tachycardia, so it should be used with caution in
patients with cardiac disease. However, it has been tradition-
ally added to local anesthetic solutions as an indicator for
intravascular injection because of these very properties [10].

Alkalization of local anesthetic solutions by the addition
of sodium bicarbonate has also been practiced and reported
to decrease the onset of conduction blockade. An increase in
the pH of the local anesthetic solution increases the amount
of drug in the uncharged base form, which should enhance
the rate of diffusion across the nerve sheath and nerve
membranes [11].

Clonidine is an a2-agonist that has been shown to pro-
long peripheral nerve block duration when used in doses
between 10 and 150 lg. Dexmedetomidine is a newer, more
specific a2-agonist that is showing promise as a local
anesthetic adjunct, also increasing block duration. Dexam-
ethasone in doses from 1 to 4 mg has been used as adjunct to

Table 1 Maximum dose and
duration of action of commonly
used local anesthetic agents

Agents Maximum dose (mg/kg) Duration of effects (hours)

Esters

2-chloroprocaine 12 0.5–1

Procaine 12 0.5–1

Cocaine 3 0.5–1

Tetracaine 3 1.5–6

Amides

Lidocaine 4.5 (7*) 0.75–1.5

Mepivacaine 4.5 (7*) 1–2

Prilocaine 8 0.5–1

Bupivacaine 2–2.5 (3*) 1.5–8

Ropivacaine 3 1.5–8

*Maximum if mixed with Epinephrine [10]
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local anesthetics for peripheral nerve blocks—its block
enhancing effects; its optimal doses and safety are still
debated.

Different opioids have also been added to peripheral
nerve blocks for their presumed synergistic effects; however,
only buprenorphine has been shown to increase the duration,
onset, and quality of the block.

9. What are Transient Neurologic Symptoms
(TNS) after spinal anesthesia? Are there any risk
factors for developing TNS? What would you advise
patient with similar complaints?

Transient Neurologic Symptoms (TNS) define a syn-
drome consisting of variable pain and paresthesias mainly in
the buttocks that radiate to the legs and are self-limited,
resolving in several days to one week. TNS is much more
common after spinal anesthesia with hyperbaric lidocaine,
especially in higher doses. Bupivacaine is four times less
likely to cause TNS than lidocaine.

Possible causes of TNS include specific local anesthetic
toxicity, needle trauma, neural ischemia, secondary to sciatic
stretching, patient positioning, pooling of local anesthetics
secondary to small gauge pencil-point needles and hyper-
baric solutions, deep muscle spasms, myofascial pain, early
mobilization, and irritation of the dorsal root ganglion [12].

Risk factors, including lidocaine spinal anesthesia, litho-
tomy position and ambulatory surgical status, have all been
determined to be important predictors for the development of
TNS. Additional factors that may contribute to TNS inci-
dence are arthroscopic knee surgery and obesity. None of the
patients with TNS should have abnormal neurologic exams
or motor weakness. Therefore, if a patient presents with
sensory or motor deficits, other possible etiologies, neces-
sitating emergent intervention, such as epidural hematoma,
neuraxial infection or nerve root damage, must be consid-
ered and excluded first. Often, imaging studies such as spine
CT with contrast and/or MRI are needed to complement
diagnostically a very thorough neurological exam.

Current therapeutic options include nonsteroidal
anti-inflammatory drugs (NSAIDs), opioids, muscle relax-
ants and other symptomatic therapy. Patients generally
report good pain relief with NSAIDS. If patients do not
respond to these therapies, treatment with oral opioids,
muscle relaxants, physical therapy, or transcutaneous elec-
trical nerve stimulation (TENS) may be added. For the
patient willing to return to the hospital because of intense
and disabling discomfort, trigger point injections may be
performed. Most of the symptoms are self-limiting and
resolve in 1–4 days [13].

10. What are the signs and symptoms of local anesthetics
systemic toxicity (LAST)?

To produce local and regional anesthesia, local anes-
thetics inhibit voltage-gated sodium channels in the axons of
peripheral nerves and decrease action potential conduction
velocity. These agents can block potassium and calcium
channels as well. LAST occurs usually as a result of inad-
vertent intravascular injection and rarely follows injection of
an excessive amount of local anesthetic into an appropriate
site.

Central Nervous System Initially, the patient might report
some nonspecific signs like circumoral paresthesias, metallic
taste in mouth, dizziness, and lightheadedness. These
symptoms are followed by auditory and visual changes like
tinnitus, diplopia, and nystagmus. Anxiety and sense of
“impending doom” have been reported. As the plasma levels
increase, agitation, muscle twitches, confusion progress to
tonic-clonic seizures and could be followed by EEG activity
slow down as patient loses consciousness and becomes
comatose. In the concomitant presence of other CNS
depressant drugs (e.g., premedication), CNS depression can
develop without the preceding excitatory phase. The potency
of local anesthetics is directly related to CNS toxicity.

Cardiovascular Local anesthetic cardiotoxicity can initially
present with and evolve into life-threatening conduction delay
(PR interval prolongation to complete heart block, sinus arrest
and asystole) and ventricular dysrhythmias (from simple
ventricular ectopy to torsades de pointes and fibrillation). The
negative inotropic effect of local anesthetics is dose dependent
and consists of myocardial contractility depression and a
resulting decrease in cardiac output. Dysrhythmias, due to
local anesthetic overdose may be recalcitrant to traditional
therapies; the reduced myocardial contractility and low output
state further complicate the treatment.

The sequence of cardiovascular events is usually as fol-
lows: lower level of local anesthetics usually causes a small
increase in cardiac output, heart rate and blood pressure
because of increase in sympathetic activity and increase in
systemic vascular resistance. As the plasma levels increase,
hypotension ensues as a result of peripheral vasodilation and
reduction in systemic vascular resistance and/or malignant
and refractory arrhythmias. These may eventually progress
to a cardiac arrest.

Plasma and tissue pH play an important role in the setting
of local anesthetics toxicity. Hypercarbia increases cerebral
blood flow and as a result may worsen CNS toxicity.
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Diffusion of carbon dioxide across the cell membrane also
worsens the intracellular acidosis. Intracellular acidosis
converts the local anesthetics to cationic or active form.
Because cationic form cannot travel through cell mem-
branes, ionic trapping occurs, worsening further CNS toxi-
city [14].

11. Is there any way that you could prevent LAST?

Prevention of toxicity is the key to safe practice and it
starts with making sure that the work environment is opti-
mized for performing regional anesthesia. Monitoring, vig-
ilance, and trained personnel availability are critical
(simulation training is strongly recommended). Emergency
resuscitation equipment must be functioning and readily
available to be immediately deployed in case of local
anesthetics toxicity including cardiac arrest.

A judicious selection of the type, dose, and concentration
of the local anesthetic, and the choice and safe practice of
regional anesthesia techniques are critical. Pretreatment with
benzodiazepines is commonly used, but their effects are
often debated. Benzodiazepines raise the seizure threshold
and can mask early signs of CNS toxicity. A heavily sedated
patient is not able to reliably communicate to the physician
initial signs and symptoms of LAST.

The presence of premedication or general anesthesia is
not perceived to increase the risk of local anesthetic toxicity,
but may delay or deny early diagnosis. Considerable
research has been dedicated to the subject of the ideal test for
detecting intravenous injection and to what constitutes an
ideal test dose. Epinephrine (5–15 lg) is still widely in use
as a marker of intravascular injection. An increase in heart
rate >10 bpm, increase in systolic blood pressure by >15
mm Hg, or a 25% decrease in lead II T-wave amplitude
signify a positive test dose. However this test is not reliable
in elderly, in patients on beta-blockers or with low cardiac
output.

Regardless of whether epinephrine is used as a marker of
an intravascular injection, it is of utmost importance to use
slow, incremental injections of local anesthetic, with fre-
quent aspirations (every 3–5 mL) between injections while
monitoring the patient for signs of toxicity. A slow rate of
injection of divided doses at distinct intervals can decrease
the possibility of summating inadvertent intravascular
injections. With a rapid injection, the seizures may occur at
higher blood level because there is no time for distribution of
the drug as compared to a slow infusion where the seizure
occurs at a lower drug level because of the distribution [14].

12. Is pregnancy associated with higher risk of local
anesthetics toxicity? Why?

Yes, plasma concentrations of alpha 1-acid glycoprotein
(AAG) are decreased in pregnant women. This effectively
increases the free fraction of bupivacaine in plasma, and it
might be responsible for the bupivacaine toxicity and the
number of cardiac arrests that have been reported with inad-
vertent overdoses with bupivacaine in pregnant women.
However, with intermediate duration LAs (e.g., lidocaine and
mepivacaine), smaller changes in protein binding occur during
pregnancy, and the use of these LAs is not associated with an
increased risk of cardiac toxicity during pregnancy [15].

13. More about allergic reaction to local anesthetics?

The amino esters, such as chloroprocaine, are all
derivatives of the Paraaminobenzoic acid (PABA). Accord-
ingly, the local anesthetics belonging to the ester group may
cause positive skin reactions, ranging from toxic eruptions
in situ to generalized rash or urticaria. True allergic reactions
to the local anesthetics of the amino amide group are
extremely rare. By and large, preparations of amide anes-
thetics do not cause allergic reactions, unless they contain
the preservative methylparaben, which is in its chemical
structure virtually the same as PABA. For patients who
report an allergy to amino amides, one may be able to safely
use a preservative-free amide anesthetic unless a
well-documented allergy reports point to an unambiguous
allergy. Anaphylaxis due to local anesthetics remains a rare
event, even within the ester group. It should be considered if
the patient starts wheezing or develops respiratory distress
instantly following injection.

Management of local anesthetic triggered allergic reac-
tions is very similar to the treatment algorithms for other
more common allergic reactions. Intravenous lidocaine can
result in paradoxical airway narrowing and bronchospasm in
patients with asthma. The mechanism of this reaction is not
well understood.

Some patients may react to preservatives, such as
methylparaben, included with LAs. In the allergy and
immunology literature, several recent studies have shown
that patients referred for evaluation of apparent LA allergy,
even after exhibiting signs or symptoms of anaphylaxis,
almost never demonstrate true allergy to the LA that was
administered.

A unique side effect of some local anesthetics is methe-
moglobinemia. It has been associated with the topical,
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epidural, and intravenous administration of prilocaine.
Prilocaine is the local anesthetic for which there appears to
be greatest risk for this to occur. A dose–response relation-
ship exists between the amount of prilocaine administered
and the degree of methemoglobinemia. In general, doses of
prilocaine of 600 mg are required for the development of
clinically significant levels of methemoglobinemia in an
adult. The formation of methemoglobin is believed to be
related to prilocaine’s chemical structure. The metabolism of
prilocaine in the liver results in the formation of O-toluidine,
which is responsible for the oxidation of hemoglobin to
methemoglobin. The methemoglobinemia caused by prilo-
caine is self-limiting and reversible. Reversal can be accel-
erated with the administration of methylene blue
intravenously (1 mg/kg) [16].

14. How do you manage LAST?

Early recognition and early discontinuation of the
administration is of crucial importance. The administration
of local anesthetics should be stopped immediately. The
airway should be maintained at all times, and supplemental
oxygen should be provided while ensuring that the moni-
toring equipment is functional and properly applied. Neu-
rologic parameters and cardiovascular status should be
assessed until the patient is completely asymptomatic and
stable [17].

Administration of a benzodiazepine to offset or amelio-
rate excitatory neurological symptoms or a potential
tonic-clonic seizure is indicated. Early treatment of convul-
sions is particularly meaningful because convulsions can
result in respiratory and metabolic acidosis, thus aggravating
the toxicity. Anti-seizure treatment consists of halting the
seizure by administering a benzodiazepine (midazolam
0.05–0.1 mg/kg) or a small dose of propofol (0.5–
1.0 mg/kg) while preventing the detrimental effects of
hypoxia and hypercarbia by ventilating with 100% oxygen
[18].

In case reports and animal studies, lipids have been shown
to increase the success rate of resuscitation from LAST.
Intralipid® is a 20% lipid emulsion solution most commonly
used as part of total parenteral nutrition. It contains soybean
oil, glycerol, and egg phospholipids. It is theorized that these
lipids act as a “sink” that binds lipid-soluble local anesthetics,
reducing their free fraction and decreasing availability in the
myocardium and other critical sites. Lipid therapy should be
implemented based on the severity and rate of progression of
toxicity. Early use during prolonged seizures may prevent
cardiac toxicity [19, 20].

The recommended bolus dose is 1.5 mL/kg IV (lean body
mass) followed by an infusion of 0.25 mL/kg/min. If car-
diovascular instability persists, the bolus may be repeated up

to two more times and the infusion rate may be doubled. The
infusion should be continued for a minimum of 10 min after
a perfusing rhythm is restored [21]. Refractory arrhythmias
and asystole are managed using slightly modified standard
cardiopulmonary resuscitation protocols—recommended
epinephrine dose is significantly reduced and vasopressin
administration is advised against. Acknowledging that a
prolonged effort may be needed to increase the chance of
survival, the nearest cardiopulmonary bypass capable facility
should be alerted and arrangements made. The rationale of
this approach is to maintain the circulation until the local
anesthetic is redistributed or metabolized below the level
associated with cardiovascular toxicity, at which time
spontaneous circulation should resume. Because the con-
tractile depression is a core factor underlying severe car-
diotoxicity, it would be intuitive to believe that the use of
sympathomimetics should be helpful. However, epinephrine
can induce dysrhythmias or exacerbate the ongoing
arrhythmia associated with local anesthetic toxicity. Conse-
quently, significantly reduced epinephrine doses are recom-
mended during LAST resuscitation. In ACLS protocols not
related to local anesthetic toxicity, vasopressin may be
appropriate to maintain the blood pressure, support coronary
perfusion, and facilitate local anesthetic metabolism [22].
However, the ASRA Practice Advisory [21] recommends
against the use of vasopressin in LAST. The current
advanced cardiac life support algorithm emphasizes amio-
darone as the mainstay drug for treatment of arrhythmias.
Also, for ventricular arrhythmias prompted by local anes-
thetic overdose, current data favor amiodarone as drug of
choice [23]. The use of bretylium is no longer endorsed.
Occurrence of Torsades des Pointes with bupivacaine toxi-
city may require overdrive pacing if that rhythm predomi-
nates [24, 25].

Recovery from local anesthetic–induced cardiac arrest
can take enduring resuscitation efforts for more than an hour.
Propofol is a direct cardiodepressant and is not an adequate
alternative to treatment with intralipid, although judicious
administration to control seizures in small divided doses may
be appropriate. Because Lipid Rescue is still an innovative
therapy, future laboratory work and clinical experience are
needed for a better understanding of the mechanisms and a
further refinement of the treatment protocols.

The following are some recommendations for the man-
agement of local anesthetic toxicity and other adverse
reactions:

• Bronchospasm and generalized edema, sometimes asso-
ciated with allergic reactions, may require use of bron-
chodilators, antihistamines, and corticosteroids.

• Avoiding hypoxia and hypercarbia; airway management
and tracheal intubation decision should be individualized.
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• Chest compressions and defibrillation may be required to
restore organ perfusion and should be instituted based on
patient hemodynamics.

• Lipid emulsion intravenous therapy can be lifesaving in
LAST and should be administered as soon as possible.
Lipid emulsion should be available in locations where
local anesthetics are used in potentially toxic doses.

• Seizures should be controlled with benzodiazepines (e.g.,
midazolam 0.05–0.1 mg/kg), but Propofol (0.5–1.5 mg/kg)
can also be used

• Severe hypotension can occur in both allergic reactions
and systemic toxicity and usually responds well to
vasopressors (e.g., epinephrine) and volume expanders.
However, very small doses of epinephrine are recom-
mended in LAST (<1 mcg/kg).

• Epinephrine can exacerbate malignant dysrhythmias,
occurring with bupivacaine toxicity. Same is reported
experimentally with vasopressin. Therapeutic agents that
are less arrhythmogenic have been investigated, includ-
ing phosphodiesterase inhibitors such as milrinone and
amrinone, though their use still needs to be validated
clinically in LAST.

• In addition to lipid treatment, ventricular arrhythmias should
be suppressed primarily with amiodarone 300 mg IV, with
repeat administration of up to 150 mg 3–5 min later.

• Effective resuscitation in this setting is difficult, and
atrioventricular pacing and cardiopulmonary bypass are
additional options in refractory cases [26].
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46Spinal Anesthesia

Benjamin Kloesel and Galina Davidyuk

Case 1

A 67-year-old man presents for elective primary right
total knee replacement.

Medications: aspirin 81 mg oral daily

clopidogrel 75 mg oral daily

amlodipine 10 mg oral daily

metoprolol 25 mg oral twice daily

hydrochlorothiazide 25 mg oral daily

albuterol inhaler as needed

fluticasone/ salmeterol 250/50 mcg inhaler 1 puff
twice daily

omeprazole 20 mg oral daily

atorvastatin 20 mg oral daily

Allergies: NKA

Past Medical History:

Cardiac: Hypertension

Hypercholesterolemia

Coronary artery disease s/p DES to LAD and LCx
(4 years ago)

Severe COPD (FEV1 of 32%)

GERD

(continued)

Physical Exam:

vs: BP 140/98 HR 80 RR 16 oxygen
saturation: 98%

Heart: regular rate and rhythm, 2/6 systolic murmur

Lungs: distant breath sounds, mild bilateral end-expiratory
wheezing

Otherwise: insignificant

What are possible indications for spinal anesthesia?
Spinal anesthesia can provide anesthesia, analgesia, and
muscle relaxation. It has been successfully employed for
procedures involving the abdomen, perineum, lower
extremities, and urogenital tract as well as obstetric surgeries
[1, 2].

What are landmarks that can be used to identify the
correct intervertebral space for placement of spinal
anesthesia?
Palpation of the neck reveals a prominent spinous process
that belongs to the 7th cervical vertebra, called vertebra
prominens. Palpation of the scapula reveals the root of the
spine of the scapula commonly corresponding to a T3 level.
The lower border of the scapula ends in a tip that usually is
at the T7 level. At the lumbar spine level, a line drawn
between the top of the bilateral iliac crests typically crosses
the body of the 4th lumbar vertebra or the L4/5 interspace.
This line is called Tuffier’s line. While those landmarks are
considered “traditional teaching,”, studies have highlighted
that their use frequently results in inaccurate determination
of the intervertebral space, yet at a degree that still allows
safe neuraxial placement in clinical practice. For patients
whose anatomical landmarks are difficult or impossible to
identify, imaging modalities such as fluoroscopy or ultra-
sound can assist in proper identification of the intervertebral
space and additionally provide information that improve
safety during placement (fluoroscopy shows real-time
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needle advancement while ultrasound allows identification
of the midline and measurement of the epidural space depth)
[1, 2].

What anatomy is important for the placement of a
spinal anesthetic?
The spinal cord is continuous with the brainstem cranially
and extends down to the L1 level in adults and L3 level in
infants where it terminates as the conus medullaris. It is
enveloped by a dural sac, which terminates more caudally, at
the S2 level. The subarachnoid space between L1/L3 (adults
and infants, respectively) and S2 is filled by the filum ter-
minale internum (an extension of the pia mater) and spinal
nerve roots originating from the conus medullaris (called
cauda equina). The cauda equina harbors the L2–L5, S1–S5,
and coccygeal nerve pairs, which innervate the lower limbs,
pelvic organs, and perineum. After reaching the termination
of the dural sac at the S2 level, the filum terminale internum
continues as filum terminale externum to the back of the first
segment of the coccyx.

Three distinct layers surrounding the spinal cord (from
innermost to outermost) are called pia mater, arachnoid
mater, and dura mater. The pia mater is highly vascularized
and closely attaches to the spinal cord. Between the arach-
noid mater and the pia mater, a small space called the
intrathecal (subarachnoid) space is found which contains the
cerebrospinal fluid (CSF). It is the target area for local
anesthetic deposition in spinal anesthesia. The dura mater is
attached to the arachnoid mater. Between them, a potential
space exists, the subdural space. Outside of the dura mater,
another small space called the epidural space is found which
serves as the target area for deposition of local anesthetics in
epidural anesthesia. The epidural space contains fat, lym-
phatics, and blood vessels (venous plexus). The arachnoid is
a nonvascular membrane that offers the most resistance
(90%) to drug migration.

The spinal cord itself has 31 segments (8 cervical, 12
thoracic, 5 lumbar, 5 sacral, 1 coccygeal) with their
respective spinal nerves and is composed of the inner gray
matter and the surrounding white matter.

During spinal anesthetic placement using a midline
approach, multiple ligaments are traversed after entering the
skin and subcutaneous tissue: the first ligament encountered
is the supraspinous ligament, followed by the interspinous
ligament. The following ligamentum flavum has a distinct
feel that may alert the anesthesiologist to the proximity of
the epidural space. After passage through the ligamentum
flavum, the needle crosses the epidural space and pierces
through the dura mater and the arachnoid mater into the
subarachnoid space where CSF is encountered. When using
a paramedian approach, the supraspinous and interspinous
ligaments are bypassed [1, 2].

Describe the blood supply of the spinal cord
The spinal cord is supplied by a single anterior spinal artery
that originates from the vertebral arteries and a pair of
posterior spinal arteries that are formed by the inferior
cerebellar arteries. These three arteries receive contributions
from intercostal and lumbar arteries via segmental spinal
arteries. The largest of those tributaries is the artery of
Adamkiewicz (Arteria radicularis magna). In 75% of indi-
viduals, the artery of Adamkiewicz originates on the left side
between T8 and L1. The anterior spinal artery supplies the
anterior 2/3 of the spinal cord while the posterior spinal
arteries cover the posterior 1/3.

Venous blood drains into three anterior and three poste-
rior spinal veins that connect to the internal venous plexus
located in the epidural space [1, 2].

What is the mechanism of action of local anesthetic
injected into subarachnoid space?
Local anesthetics reversibly bind to voltage-gated sodium
channels and block sodium conduction. By decreasing
sodium currents, the initiation and propagation of action
potentials is interrupted. Local anesthetics cause a
“state-dependent” block: while sodium channels can be
found in three states (resting-closed, activated-open,
inactivated-closed), local anesthetics have the greatest
affinity for channels in the activated-open state (less so for
the inactivated-closed state).

Local anesthetics injected into the spinal space gain
access to the spinal nerve roots and dorsal root ganglia.

Traditional teaching states that smaller, unmyelinated
fibers are blocked first while larger, myelinated fibers take a
longer time for complete blockade. As a result, onset of
blockade follows a temporal progression, starting with pre-
ganglionic sympathetic conduction supplied by B-fibers,
followed by cold temperature sensation conveyed by
C-fibers, pinprick sensation transmitted via A-delta fibers,
touch sensation through A-beta fibers and, finally, motor
function provided by A-alpha fibers. Recovery follows in
reverse order. The differences in sensitivity account for a
phenomenon called differential sensory block: the peak
block height of a given anesthetic may vary according to the
sensory modality that is being tested. Typically, the highest
block level (largest dermatomal spread) is attained for cold
sensation, followed by sensation to pinprick (1–2 levels
lower) and touch (3–4 levels lower). Sympathetic block
height can reach 2–6 dermatomes above sensory block level
while motor block height is found to be 2–3 dermatomes
below sensory block level.

The term “differential sensory block” was introduced
based on studies in the 1950s. Since then, multiple investi-
gators have reported conflicting results. Some were able to
reproduce a difference in block height extension for different

358 B. Kloesel and G. Davidyuk



modalities while others did not find this effect. These dif-
ferences also vary between the different local anesthetics.
Another layer of complexity is added when contrasting basic
and clinical science results. Experimental studies on rat
sciatic nerves, for example, have shown a higher suscepti-
bility to lidocaine-induced blockade in A-gamma/delta/alpha
and beta fibers compared to C-fibers [1, 2].

What level of spinal anesthesia is required for differ-
ent surgeries and what are surface landmarks for the
respective levels?
Upper abdominal surgery (cholecystectomy) and C-section
require a T4–5 level corresponding to the nipple line (T4).
While the uterus is located in the lower abdomen, a T4 level
is necessary to blunt stimuli caused by traction on the
peritoneum and uterine exteriorization. Lower abdominal
surgery requires a T6–8 level, with T6/7 being at the level of
the xiphoid process. Anesthesia extending to the level of the
umbilicus, corresponding to the T10 dermatome, is adequate
for TURP, hip surgery, and vaginal delivery. Thigh surgery
and lower limb surgery are covered by a level extending at
least to the inguinal ligament which corresponds to T12/L1,
while foot surgery only requires a L2/3 level (except in cases
that use a tourniquet); the area under the tourniquet corre-
sponds to L1–L4 dermatomes. Taking temporal regression
of the block into account, one should factor in a safety
margin. An anesthetic level involving the S2–5 dermatomes
adequately covers hemorrhoidectomy and perineal surgery.

What physiologic alterations are caused by successful
administration of a spinal anesthetic?
Cardiovascular system:

In the cardiovascular system, spinal anesthesia causes a
decrease in cardiac output and systemic vascular resistance.
Blockade of sympathetic fibers inhibits vasoconstriction and
leads to pooling of blood in the splanchnic system and the
lower extremities. A decrease in venous return (*preload)
results in a decrease in cardiac output. If local anesthetic
spread reaches T1–T4 levels, blockade of the cardiac
accelerator fibers occurs causing a decrease in heart rate,
which further lowers cardiac output [3, 4].

In addition to those changes, three reflexes are associated
with spinal anesthesia which can worsen bradycardia and
even lead to cardiac arrest:

(1) the pacemaker reflex involves cells in the sinoatrial
node that respond to stretch with depolarization (pro-
portional to the degree of stretch). A sudden decrease in
venous return leads to a decrease in stretch and depo-
larization of sinoatrial cells, lowering the heart rate.

(2) The baroreceptor reflex involves receptors located in
the wall of the right atrium and the vena cava–atrial

junction. Increases in venous return trigger signals
transmitted to the cardiac accelerator fibers via the
vagus nerve and cause an increase in heart rate. Con-
versely, a decrease in venous return decreases stimu-
lation of the baroreceptors.

(3) The Bezold–Jarisch reflex binds a decrease of left
ventricular volume to an increase in vagal output
through the vagus nerve resulting in bradycardia.

Pulmonary system:
Overall, the direct effects of spinal anesthesia on the

respiratory system are minimal. Even with mid- to
high-thoracic levels of anesthesia, respiratory indices
including minute ventilation, tidal volume, and mean inspi-
ratory flow rate are unaffected. The same is true for pul-
monary gas exchange. A small decrease in vital capacity and
maximal expiratory pressure and flow has been observed and
is attributed to weakness of the abdominal muscles [3, 4].

Central nervous system:
Spinal anesthesia has consistently been found to reduce

hypnotic and sedative requirements through yet poorly
understood mechanisms. Theories to explain this finding
include de-afferentiation phenomenon (blockade of the
spinal nerves reduces afferent input to the brain, making the
reticular activating system more sensitive to
sedative/hypnotic drugs), rostral spread of local anesthetics
within the CSF (with direct blocking effects of local anes-
thetics on brain centers), and absorption of local anesthetics
leading to increased systemic levels [3, 4].

Urinary system:
Bladder and urethral sphincters are controlled via the

sacral spinal nerves (S2–S4). Blockade of those segments
abolishes the urge to void, creating the risk of bladder
overdistention and postoperative urinary retention in the
setting of long-acting local anesthetics. Bladder overdisten-
tion can cause pain and hypertension, and stimulation of
vagal afferents can also lead to bradycardia and hypotension.
Therefore, consideration should be given to placement of an
indwelling urinary catheter or ultrasound bladder volume
monitoring with as-needed in-and-out catheterization [3, 4].

Gastrointestinal system:
Ablation of sympathetic stimuli to the gastrointestinal

tract generated at T6–L1 levels results in hyperperistalsis
from unopposed parasympathetic stimulation. Nausea and
vomiting can be secondary to this effect (or, in other cases,
related to hypotension and hypoperfusion) [1, 2].

Thermoregulation:
In general, the body thermo-regulative capabilities are

more impaired by general anesthesia than by spinal anes-
thesia; nevertheless, vasodilation from sympathetic blockade
causes a re-distribution of heat from core tissues (head,
trunk, internal organs) to skin, upper and lower extremities.
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Also, shivering thresholds are reduced in the blocked seg-
ments, thereby reducing the ability to generate heat [3, 4].

What factors influence the block level/distribution
during spinal anesthesia?
Block level in spinal anesthesia is determined by drug,
patient, and procedure factors [1, 2].

(1) Drug factors
(a) Baricity (isobaric/hypobaric/hyperbaric): baricity

of the drug and patient body position are important
in influencing and predicting the injected drug’s
behavior. Baricity is defined as the density of the
local anesthetic relative to the density of CSF
measured in mass/volume at 37 °C—isobaric
solutions have density virtually equal to that of
CSF, hyperbaric have higher, and hypobaric have
lower densities relative to CSF. Gravity distributes
hyperbaric drugs to the dependent areas, while
hypobaric drugs move to non-dependent areas.
Depending on the body position, a hypobaric
solution could, for example, be used to produce a
predominantly left spinal anesthesia for a left hip
surgery when injected in a right lateral decubitus
position. For supine patients who have received a
hyperbaric solution, it is important to consider the
natural curvature of the spine (lumbar lordosis,
thoracic kyphosis) when trying to predict the
spread. In the supine patient, the highest
spine vertebra is L3 (L4) while the lowest point is
T5–T6.

(b) Dose: the dose [mg] of a local anesthetic can be
calculated by multiplication of volume [ml] and
concentration [mg/ml]. It is the most important
factor that determines block spread and duration.

(2) Patient factors
(a) CSF volume and composition
(b) Age: advanced age correlates with increased block

height based on a decrease in CSF volume and
increased sensitivity to local anesthetics

(c) Pregnancy and other conditions leading to
increased intraabdominal pressure and epidural
vein engorgement.

(3) Procedural factors
(a) Patient position
(b) Site of injection

What local anesthetics are being used for spinal
anesthesia?
The following local anesthetics are successfully used for
spinal anesthesia: procaine*, chloroprocaine (short-acting);
mepivacaine, lidocaine, prilocaine* (intermediate-acting);

ropivacaine, bupivacaine, levobupivacaine*, and tetracaine*
(long-acting). (*presently not available in the USA)

Lidocaine and mepivacaine have largely fallen out of
favor due to concerns regarding a higher incidence of side
effects. Chloroprocaine used to be associated with a high
incidence of neurologic injury. As more recent evidence has
identified the preservative as the etiologic factor, new
preservative-free preparations of chloroprocaine are
increasingly used for short procedures [5].

What problems can arise when using lidocaine or
mepivacaine for spinal anesthesia?
The use of lidocaine for spinal anesthesia has been associ-
ated with transient neurological symptoms (TNS), also
called transient radicular irritation or transient neurologic
toxicity. Symptom onset occurs within a few hours up to
24 h after successful spinal anesthetic and includes pain in
the gluteal region with radiation to both lower extremities.
A distinguishing feature to cauda equina syndrome is the
absence of weakness, neurologic deficiencies, and patho-
logic findings on imaging (CT/MRI). While TNS can occur
with other local anesthetics, a Cochrane analysis of trials
found that the likelihood of TNS after lidocaine adminis-
tration was four times higher (RR = 7.31) than compared to
bupivacaine, prilocaine, procaine, levobupivacaine, ropiva-
caine, and 2-chloroprocaine. Mepivacaine might carry a
similar risk for TNS as lidocaine. Another factor that
increases the risk for TNS is surgery in lithotomy position
[4, 6].

What adjuvants can be added to local anesthetics?
Multiple drugs have been tested as “additives” to local
anesthetics. The followings are commonly used in clinical
practice [4]:

(a) Opioids (discussed below)
(b) Vasoconstrictors (epinephrine, phenylephrine): cause

local vasoconstriction and thereby prolong duration of
local anesthetics (reduced uptake into blood vessels and
clearance from CSF). The magnitude of those effects
varies between local anesthetics. The most pronounced
effect is seen with tetracaine. In addition, adrenergic
agents have antinociceptive effects via stimulation of
alpha-adrenergic receptors in the dorsal horn of the
spinal cord.

(c) Alpha-2-agonists (clonidine, dexmedetomidine): pro-
long duration of sensory and motor blockade and
thereby reduce analgesic requirements

(d) Acetylcholinesterase inhibitors (Neostigmine): prolong
duration of sensory and motor blockade and thereby
reduce analgesic requirements but may have significant
side effects (nausea, emesis, bradycardia)
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Other agents such as ketamine, magnesium, adenosine,
tramadol, NSAIDs, and midazolam are being investigated as
possible additives.

How do intrathecal opioids work?
Intrathecally administered opioids work at the spinal cord
level, specifically in the substantia gelatinosa in the gray
matter of the spinal cord dorsal horn (lamina II). Less
lipophilic opioids (morphine, hydromorphone) are 100–200
times more potent when administered intrathecally as com-
pared to intravenous administration, and are associated with
pronounced rostral spread, carrying the risk for delayed
respiratory depression. In contrast, more lipophilic opioids
(fentanyl, sufentanil) are only 10–20 times more potent
intrathecally than intravenously; rostral migration occurs to a
lesser extent as more lipophilic opioids are absorbed faster
into the systemic circulation.

Another important point to recognize is the spinal opioid
receptor bioavailability of the respective opioid. Intrathecally
administered morphine and hydromorphone have high spinal
opioid receptor bioavailability, whereas fentanyl and sufen-
tanil have only moderate spinal opioid receptor bioavail-
ability [7]. This is based on the location of opioid receptors.
Spinal cord opioid receptors are situated in the gray matter
which is surrounded by white matter. More lipophilic opi-
oids partition into the white matter and are subsequently
cleared into the plasma so that only a minor fraction reaches
the gray matter. Less lipophilic opioids tend to reside in the
CSF for a longer time. While they do not partition to the
white matter in a great extent, they can diffuse through the
aqueous extracellular space of the white matter to the opioid
receptors in the gray matter.

What is the underlying pathophysiology of respira-
tory depression with intrathecal opioid
administration?
For a long time, different views have prevailed about the
ability and speed of rostral spread of intrathecally adminis-
tered opioids. The current understanding is that every opioid
(less lipophilic or more lipophilic) moves at the same speed
within the CSF. This movement is secondary to diffusion
and CSF bulk flow produced by pulsatile movement of
blood into the brain which creates intermittent swelling.
When brain mass increases, a plunger effect occurs that
pushes CSF downward the dorsal surface and upward on the
ventral surface of the spinal cord [7]. The explanation why
less lipophilic opioids seem to have a much larger rostral
spread lies in the fact that they remain in CSF much longer
than their more lipophilic counterparts, which are absorbed
and re-distributed into the systemic circulation. While both
opioid groups can cause respiratory depression and other
supraspinal effects, less lipophilic opioids cause it by
reaching brainstem centers via rostral spread in the CSF

while more lipophilic opioids reach those centers via the
bloodstream [1, 2].

What are typical side effects of intrathecal opioids?
Pruritus, early respiratory depression (fentanyl, sufentanil),
delayed respiratory depression (up to 24 h for morphine and
hydromorphone), urinary retention, nausea, and vomiting

What are absolute and relative contraindications to
spinal anesthesia?
Absolute contraindications include patient refusal, untreated
systemic infection (sepsis), local infection at the planned
injection site, raised intracranial pressure, and allergy to the
drug planned for administration.

Relative contraindications include spinal stenosis, aortic
stenosis, hypovolemia, and coagulopathy.

What are side effects of spinal anesthesia?
Local anesthetic blockade of sympathetic fibers causes
vasodilation and hypotension of varying severity depending
on dose, intrathecal spread, and patient factors. Many studies
have examined the value of pre- or periprocedural intra-
venous fluid administration and vasopressor/inotrope use.

Patients can experience nausea and emesis from either
administration of intrathecal opioids or hypotension from
sympathectomy. The unopposed parasympathetic stimula-
tion of the gastrointestinal tract with subsequent hyperperi-
stalsis may also play a role. In case of hypotension, nausea is
often relieved with administration of phenylephrine and/or
ephedrine. Otherwise antiemetics can be used.

Pruritus is the most common side effect of intrathecal
opioid administration and can be treated effectively with
mu-receptor antagonists such as naloxone, naltrexone, or
nalbuphine (the latter being a partial agonist–antagonist).
A salutatory effect of diphenhydramine is mainly attributed
to its sedating effect as opioid-induced pruritus is not
mediated via histamine release.

Bradycardia can occur secondary to blockade of car-
dioaccelerator fibers originating from T1 to T4 in cases of
intrathecal spread to those levels.

Urinary retention is related to blockade of the sacral nerve
fibers. It resolves after the local anesthetic effect wears off
and is, in the interim, managed with urinary catheterization
[1, 2].

What are possible complications of spinal
anesthesia?
Cardiac arrest during spinal anesthesia is a rare but disas-
trous complication. Presumed mechanisms include the
blockade of sympathetic fibers, including the cardiac accel-
erator fibers originating from T1 to T4, and vasodilation
leading to a decrease in venous return. The combination of
bradycardia and decreased preload causes a drop in cardiac
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output. Elicitation of the Bezold–Jarisch reflex further
decreases the already low heart rate. Development of
bradycardia during spinal anesthesia is on a continuum with
cardiac arrest; hence, patients with high vagal tone are at
higher risk. Factors associated with the development of
moderate bradycardia (heart rate <50 beats/minute) during
spinal anesthesia include baseline heart rate <60, ASA status
I versus III/IV, use of beta-blockers, sensory level at or
above T5, age <50 years, and prolonged PR interval. Fac-
tors associated with spinal anesthesia-induced hypotension
include sensory level at or above T5, age >40 years, base-
line systolic blood pressure <120 mmHg, combined
spinal/general anesthesia, spinal puncture at or above L2/3
interspace, and addition of phenylephrine to local anesthetic.
A common suggestion is to avoid hemodynamic instabilities
to maintain adequate preload during the procedure. If
bradycardia occurs, the patient should be placed in Trende-
lenburg position and treated with atropine and/or
ephedrine. Phenylephrine can be used to address hypoten-
sion but care should be given to avoid exaggeration of
bradycardia [8].

A rare but serious complication of spinal anesthesia is
CNS infection. Meningitis has been reported to occur in less
than 1 in 50,000 spinal anesthetics. It requires prompt
diagnosis and treatment with antibiotics. Other infectious
complications include spinal abscess and localized skin
infections at the needle insertion site.

Arachnoiditis is a meningeal inflammation that can be
secondary to multiple etiologies such as infection, blood,
local anesthetics, preservatives, and other irritants. Recently,
questions have been raised whether inadvertent introduction
of alcohol and chlorhexidine used for skin site disinfection
during performance of spinal anesthesia could be a cause for
reports of severe neurologic complications.

Bleeding complications range from commonly occurring,
less concerning local hematomas at the needle insertion site
to space occupying spinal hematomas that require prompt
diagnosis with imaging and possible surgical decompression
to avoid paralysis. Most spinal hematomas have been
reported in patients that were either taking anticoagulants or
had documented hematologic abnormalities such as throm-
bocytopenia or coagulopathies. Prompt diagnosis is key as
studies have shown that spinal cord ischemia secondary to a
hematoma is typically reversible when addressed with
laminectomy within 8 h of onset of neurologic symptoms.

Nerve injuries secondary to spinal anesthesia are rare
(reported incidence between 0.03 and 0.1%). Fortunately,
most nerve injuries are transient and function recovers in the
majority of cases. Some authors have reported catastrophic
sequelae (cauda equina syndrome, paraplegia); most of those
outcomes were in the setting of injection of local anesthetics
despite patient report of pain or paresthesia, highlighting the
importance of performance of neuraxial techniques in the

awake or lightly sedated patient. Historically, such grave
complications have also been reported with “pooling” of
hyperbaric high-concentration lidocaine delivered by spinal
microcatheters, as well as with different preservatives, such
as bisulfites.

Patients can manifest allergic reactions to local anes-
thetics, preservatives, or additives. Local anesthetics more
commonly implicated in allergic reactions are of the ester
type due to their metabolism to the known allergen
para-aminobenzoic acid (PABA). The preservative methyl-
paraben is also metabolized to PABA and should not be
present in local anesthetic preparations intended for spinal
injection. Allergies to amide local anesthetics are rare.

Total spinal anesthesia refers to inadvertent excessive
cephalad spread of the injected local anesthetics, producing
blockade that includes the cervical spinal segments. The
ensuing extensive vasodilation results in hypotension,
bradycardia, respiratory arrest, and loss of consciousness or
a “locked-in” state. Treatment includes cardiopulmonary
support (intubation, fluids, vasopressors/inotropes) and
administration of amnestics until the local anesthetic effect
subsides [1, 2].

How do you diagnose a post-dural puncture
headache?
Post-dural puncture headache (PDPH) can occur in the set-
ting of penetration of the dura mater, either accidentally
(e.g., during performance of an epidural placement) or
intentionally (during performance of spinal anesthesia or
spinal tap). Central to the diagnosis is a headache with a
prominent positional component. While 90% of PDPH cases
occur within 72 h of dural puncture, rare instances have been
reported in which onset was reported to be hours to months
after the event. Based on the International Classification of
Headache Disorders Diagnostic Criteria for Post-Dural
Puncture Headache, the diagnosis of PDPH can be made if
the following four criteria are met: (1) Headache that
worsens within 15 min after sitting or standing and improves
within 15 min after laying with at least one additional cri-
terion of (a) neck stiffness, (b) tinnitus, (c) hypacusia,
(d) photophobia, or (e) nausea; (2) Dural puncture has been
performed; (3) Headache develops within 5 days of dural
puncture; and (4) Headache resolves either (a) spontaneously
within 1 week of (b) within 48 h of effective treatment of the
spinal fluid leak [9].

What are the incidence, risk and modifying factors for
post-dural puncture headache after spinal
anesthesia?
Risk factors for the occurrence of PDPH are divided into
non-modifiable and modifiable. Non-modifiable risk factors
include (1) age (highest risk at age 20–30, rare over the age
of 60), (2) female gender, (3) low BMI, (4) history of prior

362 B. Kloesel and G. Davidyuk



PDPH, and (5) history of chronic headache. Modifiable risk
factors include (1) size of the spinal needle, (2) needle shape,
(3) bevel orientation and angle of insertion, (4) stylet
replacement, and (5) operator experience.

In regards to spinal needles, small atraumatic needles
(Sprotte, Whitacre) have the lowest likelihood of causing
PDPH, while larger cutting needles (Touhy, Quincke).

Insertion of a spinal catheter after unintentional dural
puncture during epidural placement has been found to
reduce the incidence of PDPH [9].

What are treatment options for PDPH?
Conservative treatment consists of hydration and PO caf-
feine, Fioricet (Butalbital 50 mg/Acetaminophen
300 mg/Caffeine 40 mg) and NSAIDs. Fioricet is adminis-
tered as 1–2 tablets every 4 h as needed, not to exceed 6
tablets (this is based on the maximum daily dose of
Butalbital, which is 300 mg). Since January 2014, the
Acetaminophen content of Fioricet tablets has been reduced
from 325 mg to 300 mg to avoid unintentional overdoses.
For prolonged and severe PDPH, an epidural blood patch
can be performed [10].

Additional case scenarios:

1. 10 min after successful identification of the spinal
space and injection of 1.6 ml of hyperbaric bupiva-
caine, 0.75% the patient complains of shortness of
breath and becomes mildly tachypneic with normal
pulse oximetry readings. What is happening?

The local anesthetic has migrated cranially and blocked
spinal nerves that innervate the abdominal muscles. While
most respiratory indices and pulmonary gas exchange
remain unchanged, the patient can experience subjective
dyspnea due to impaired proprioceptive input from abdom-
inal and chest wall muscles, resulting in the feeling of
breathlessness. Anxiety-related tachypnea can ensue leading
to hypocapnea. Treatment includes reassurance and pre-
vention of further cranial migration of the local anesthetic if
a hyperbaric solution was used.

2. 10 min after successful identification of the spinal
space and injection of 1.6 ml of hyperbaric bupiva-
caine, 0.75% the patient becomes hypotensive and
apneic. What is happening?

The local anesthetic has migrated cranially to such an
extent that the resulting blockade of sympathetic fibers

resulted in significant hypotension that caused brainstem
hypoperfusion. A previously hypothesized mechanism of
local anesthetic-mediated blockade of the respiratory center
has been disproven.

3. A spinal anesthetic is performed on a 56 y/o male
patient for right total hip replacement. After identi-
fication of the L3/4 spinal space, 2 ml of isobaric,
0.75% bupivacaine is injected. After 10 min, a level is
checked and is noted to be patchy, with extension to
about T12 on the left and L1 on the right. The patient
has insufficient anesthesia for the procedure. The
spinal attempt is declared a failure and the anesthetic
is converted into general endotracheal anesthesia.
What is a possible explanation of this finding?

Besides abnormal/atypical anatomy and manufacturing
error resulting in decreased local anesthetic efficacy, the
most likely explanations are inadvertent subdural injection,
epidural injection, or partial dose delivery into the sub-
arachnoid space. Subdural injections rarely occur during
spinal anesthesia attempts and are more concerning in the
setting of epidural anesthesia due to the larger volume of
injected local anesthetic that can lead to high or total spinal
anesthesia. Doses used for spinal anesthesia more commonly
result in unsatisfactory block levels and insufficient or pat-
chy anesthesia.

The interface between the dura mater and the arachnoid is
characterized as a potential space that can be expanded by a
local anesthetic injection if the spinal needle is malposi-
tioned and does not completely enter the spinal canal.
Whitacre and Sprotte needles, for example, have a side hole
that can be malpositioned in a way that part of the hole
reaches the spinal space, rendering a positive spinal fluid
return, while the other part juxtaposed against the interface
of the dura and arachnoid. Part of the injected local anes-
thetic reaches the spinal space while the rest opens up the
subdural space [11].

What is a “saddle block”?
To achieve a saddle block, a hyperbaric solution is injected
into the spinal space. The patient remains in a sitting position
after the injection in order to allow the “heavy” local anes-
thetic solution to migrate downwards and pool in the caudal
part of the dural sac. Alternatively, a hypobaric solution can
be injected after which the patient needs to be placed prone in
a jackknife position. The local anesthetic spreads to affect the
sacral and low lumbar dermatomes only, leading to anes-
thesia and analgesia of the buttocks, inner thighs, and peri-
anal region in a dose-dependent fashion. The technique can
be successfully employed for perineal and anal surgeries.
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What is the lumbosacral approach to the spinal
space?
The lumbosacral approach to the spinal space, also called
Taylor approach, is used if usual approaches fail. It targets
the largest interlaminar space of the spinal cord, L5-S1. To
further improve chances of successful access to the spinal
space, the needle is advanced from a paramedian position.
To find the correct insertion site, identify the posterior
superior iliac spine and insert the needle 1 cm lateral and
1 cm caudal with a cephalad orientation of 45–55° along
with a slight medial angulation.

What are some of the implications of pregnancy on
spinal anesthesia?
The physiologic changes of pregnancy influence spinal
anesthesia in multiple ways. Uterine enlargement leads to an
increase in intraabdominal pressure, compression of
abdominal vessels leading to epidural vein engorgement.
CSF is displaced and its low volume in the thoracolumbar
region accounts for a decreased dose requirement of local
anesthetics. Increased progesterone levels account for an
increased sensitivity to the blocking effects of local
anesthetics.

Hormonal changes in the pregnant women also induce
softening of the spinal ligaments making it more challenging
to identify the ligamentum flavum. As for palpatory land-
marks, pregnancy causes pelvic rotation that displaces Tuf-
fier’s line above the typical L4/L5 level. A study in 45
women showed a wide range of anatomic variation: the
median level of intersection was immediately below the
L2–L3 interspace, with a range from immediately above
L1–L2 to immediately above L4–L5 [12].

What are current recommendations for treatment of
hypotension during spinal anesthesia for cesarean
sections?
Hypotension in the setting of spinal anesthesia for cesarean
section is common, and multiple studies have examined
possible treatments, including fluid administration either
before or during spinal anesthesia, use of colloids versus
crystalloids, and use of vasopressors and inotropes. A review
by Loubert published in 2012 states that strategies using a
crystalloid co-load, a colloid preload, or a colloid co-load
yield equivalent results in terms of decreased hypotension
and vasopressor requirements. A crystalloid preload regimen
has been shown to be inferior. Co-loading strategies refer to
fluid administration immediately after the spinal anesthetic
has been placed. In regards to vasoactive medications,
phenylephrine has a more beneficial profile as ephedrine was
noted to increase PaCO2, decrease pH, and oxygen content

in cord blood from newborns whose mothers received large
doses of ephedrine. Therefore, phenylephrine administered
either in bolus form or as a continuous infusion is considered
the first-line agent [13].

What are implications of antiplatelet agents and
anticoagulants for performance of spinal anesthesia?
Hematology is an evolving field and new drugs are con-
stantly being developed that aim to influence the coagulation
cascade. It is therefore prudent for the practicing clinician to
follow the most up-to-date practice guidelines, practice
advisories, and drug information. In addition, different
institutions may modify existing recommendations, again
making the practicing clinician responsible for keeping
current with institutional policies.

In general terms, coagulopathy (inherited and acquired)
as well as use of antiplatelet agents/anticoagulants is a
contraindication to neuraxial techniques. An exception is the
use of NSAIDs (including aspirin), which have been found
to be safe when used alone.

The use of twice-daily subcutaneous unfractionated
heparin (daily doses of 10,000 IU or less) does not limit the
use of neuraxial anesthesia; three-times per day dosing
schedules have not yet been evaluated and guidelines state
that the safety of neuraxial block in those patients is
unknown.

Subcutaneous administration of low molecular weight
heparins (LMWH) is a well-established risk factor for for-
mation of spinal hematomas; guidelines recommend 12 and
24 h of discontinuation prior to neuraxial block placement
for prophylactic and therapeutic LMWH, respectively.

For the oral anticoagulant warfarin, a period of 3–5 days
of discontinuation is recommended, followed by documen-
tation of a normal INR.

Guidelines recommend discontinuation of antiplatelet
agent use before neuraxial blockade to allow recovery of
platelet function. Depending on the agent, different discon-
tinuation timeframes are reported (ticlopidine—14 days;
clopidogrel—5–7 days; prasugrel—7–10 days; eptifibatide/
tirofiban—8 h; abciximab—48 h).

In the setting of fibrinolytic therapy, guidelines recom-
mend against the performance of neuraxial anesthesia.

The direct thrombin inhibitor dabigatran should be dis-
continued 5 days before neuraxial anesthesia. The direct
factor Xa inhibitor rivaroxaban should be withheld for
3 days [14].

The understanding of these interactions is a dynamic
process and frequent updates of our collective knowledge are
just as critical for patient safety as sound risk–benefit
consideration.
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47Brachial Plexus Block

Nantthasorn Zinboonyahgoon and Kamen Vlassakov

A 65-year-old male patient, arriving to the hospital by
ambulance after a fall, is complaining of severe pain in his
right elbow. Upper extremity radiography reveals a complex
fracture of the right distal humerus and the right proximal
radius. The orthopedic trauma team recommends an open
reduction and internal fixation (ORIF) of the right elbow;
Informed consent is obtained and anesthesiology consult is
called.

Past medical
history:

Atrial fibrillation, COPD, CHF

Medications: Coumadin 3 mg PO daily, Albuterol MDI 2 puffs
prn for shortness of breath, Spiriva 2 puffs daily,
furosemide 20 mg PO daily, metoprolol ER
100 mg PO daily

Allergies: NKDA

Physical exam:

Vitals: BP 110/60, HR 65, RR 16, oxygen saturation
98% on nasal cannula at 3 L/min

Weight 160 lbs., Height 67 in.

Alert and oriented ×3, no focal neurological deficit

Irregular HR, no murmur; lungs—clear to auscultation

Visible deformity of the right elbow

Otherwise: non-contributory

1. What are some relevant preoperative concerns and rec-
ommended work up?

This patient has a complicated medical history and has
suffered trauma from a fall. Besides the general concerns,
the preoperative evaluation for this patient should
specifically include:
1:1 Clarifying the cause of the fall: a mechanical fall or a

fall associated with other medical problems such as
neurological (TIA, stroke) or cardiovascular (syn-
cope, orthostatic hypotension, arrhythmia) deficits
and/or events.

1:2 Assessing for concomitant injuries, especially cervi-
cal spine fractures and head injuries. If such injuries
cannot be excluded by history and physical exami-
nation, a CT or MRI scan of the head and neck are
recommended and the patient’s neck should be
temporarily immobilized and supported in a collar.

1:3 Details of patient’s comorbidities:
– Heart disease—obtain a 12-lead ECG; focus on

active cardiac conditions, baseline functional
class and cardiac work up, including review of
recent echocardiography results if available. If
active symptoms or suspicion of cardiovascular
fall etiology, recommend a preoperative
echocardiography exam to assess current function
and rule out signs of ischemia.

– COPD—assess stage of disease by history,
severity and frequency of exacerbations, medi-
cation use, (including steroids), and home oxygen
therapy.

– Laboratory tests should include CBC, coagulation
status, electrolytes, BUN, and creatinine.

2. What are the anesthesia choices for this patient? What are
the risks and benefits for each choice?
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ORIF of the elbow can be conducted under general
anesthesia, regional anesthesia, or a combination of both.
However, each choice has considerations as follows:
(a) Brachial plexus block (BPB)

Benefits/advantages include:
– Minimal hemodynamic changes
– Superior pain control
– Safer positioning (awake)
– No cognitive effects
– No need to manipulate the airway
– Faster recovery

Risks/disadvantages include:
– Diaphragmatic weakness—BPB, especially

interscalene block, is strongly associated with
ipsilateral hemidiaphragmatic block (weakness),
which may be poorly tolerated by patients suf-
fering from COPD or other chronic lung disease

– Limited ability for postoperative assessment of
neurologic function—this patient has a complex
fracture, which is associated with a higher risk for
acute compartment syndrome (ACS). There is
still controversy about the role of nerve blocks in
potentially complicating/“masking” the clinical
picture of ACS delaying diagnosis of ACS (dis-
cussed below)

– Lack of airway/ventilation control in (heavily)
sedated patients

– Difficult to guarantee a completely immobilized
extremity

(b) General anesthesia
Benefits/advantages include:
– High success rate (100%)
– Initiated faster
– Reliable
– No need for specialized regional anesthesia skills

or equipment
Risks/disadvantages include:

– Significant hemodynamic changes, especially in
sitting position

– General anesthesia is associated with higher car-
diovascular and pulmonary complication risks

– Risks of airway manipulation
The choice of anesthesia should be based on a
discussion of risks and benefits of each option
and possible complications between anesthesiol-
ogist, patient and surgeon, in the immediate
context of the patient’s medical conditions, their
severity, and the procedure urgency. Surgeon’s
preference and availability of regional
anesthesia-trained personnel and equipment, all
contribute to the choice of anesthesia

3. What are the contraindications for a brachial plexus
block?
• Absolute contraindications: Patient’s refusal.
• Relative contraindications include:

– Allergy to local anesthetics
– Preexisting nerve deficit or need to test/monitor

nerve function after the surgery
– Infection at the block site
– Coagulopathy for deep (noncompressible space)

nerve block
– Patients at high risk for acute compartment

syndrome
– Patient with severe restrictive or obstructive pul-

monary disease (except axillary block)
– Severe time constraints—emergency surgery (if

immediate anesthesia induction is indicated, block
can still be performed postoperatively or intraop-
eratively)

4. What are the regional anesthesia limitations and recom-
mendations in anticoagulated patients?

According to the 2010 ASRA practice advisory on
regional anesthesia in patients receiving antithrombotic or
thrombolytic therapy [1], the same strict guidelines recom-
mended for neuraxial blocks, should be also applied for deep
noncompressible space blocks. For example, the procedure
should be performed at least 12 h after a prophylactic dose of
low-molecular weight heparin, and INR should be normal.

Even though there is no conclusive definition, deep
noncompressible space blocks include paravertebral blocks,
lumbar plexus block, and possibly the parasacral and
transgluteal sciatic nerve blocks and infraclavicular blocks.
For other brachial plexus block techniques, the threshold can
be more liberal due to the ability to control the
bleeding/hematoma by compression and especially with the
added ability of ultrasound imaging to detect and more
predictably avoid vascular structures. No specific consensus
recommendations are available, regarding the coagulation
status for superficial blocks, and the clinical decision rests
upon the anesthesiologist’s clinical experience, judgment
and meaningful discussion of risks, and benefits with the
patient and the multidisciplinary team.

5. Explain the anatomy relevant to brachial plexus blocks
and discuss common approaches. How to choose a
specific approach for a specific patient and procedure?
What is the potential risk of each approach?

The brachial plexus is formed by the ventral primary rami
of the C5-T1 spinal nerves (also called nerve roots) [2]. Five
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nerve roots unite, divide, and form trunks, divisions and
cords as they travel through the neck and form terminal
branches (Fig. 47.1).

The plexus provides motor and sensory innervation to the
upper extremity, except for part of the cutaneous sensory
innervation to the inner surface of the upper arm (intercos-
tobrachial nerve—T2-3 intercostal nerves) and sensory
cutaneous innervation to the top of the shoulder and the
medial clavicle (cervical plexus C2-4).

The brachial plexus blocks are classified by the approach
(anatomysite) of needle access to the plexus (Table 47.1).

The choice of technique is primarily dependent on the area
of injury and surgery, but is also influenced by the inherent
specific risks and individual patient anatomy. Logically, the
proximal approaches (e.g., interscalene block) cover more
predictably the proximal upper extremity (shoulder), whereas
the more distal ones (e.g., axillary block) cover the forearm
and hand more completely. Notably, the proximal part of the

brachial plexus is in close proximity to many vital structures
such as the phrenic nerve, vertebral artery, and pleura, and
blocks at that level may be associated with rare, but serious
complications such as pneumothorax, intraarterial injection
or permanent hemidiaphragmatic paralysis. At the same time,
transient deficits such as short-lived phrenic nerve block,
Horner’s or voice hoarseness are common and usually tol-
erated well. Logically, the most distal approach, which still
covers the surgical area, is usually chosen to avoid such
complications (Table 47.1).

Beside specific complications, brachial plexus blocks still
also carry the general risks of peripheral nerve blocks including
nerve injury, systemic local anesthetic toxicity, infection,
hematoma, pain/discomfort during the block, and block failure.

6. Why most BPB are relatively contraindicated in severe
pulmonary disease? What is the alternative choice of
nerve block for postoperative analgesia?

Fig. 47.1 Anatomy of brachial plexus and cutaneous nerve supply [2]. With permission of Wolters Kluwer

Table 47.1 Common brachial plexus blocks—surgical area and specific complications

Common brachial plexus
blocks

Area of
injury/surgery

Specific complications

Interscalene (roots and trunks) Shoulder,
upper arm

Diaphragmatic paralysis (phrenic nerve), recurrent laryngeal nerve block, intraarterial
injection (vertebral artery), intrathecal injection, Horner’s syndrome, C8-Th1 sparing

Supraclavicular (trunks and
divisions)

Arm, forearm Pneumothorax, diaphragmatic paralysis (phrenic nerve), bleeding (rich vasculature)

Infraclavicular/Retroclavicular
(cords)

Arm,
forearm, hand

Pneumothorax, bleeding (noncompressible), discomfort during placement

Axillary block (terminal
branches)

Forearm,
hand

Hematoma (superficial), musculocutaneous nerve spare (anterolateral aspect of forearm)
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Most proximal BPB approaches are associatedwith variable
incidence of transient hemidiaphragmatic paralysis (phrenic
nerve block), resulting in up to 30% reduction of pulmonary
function [2]. Healthy individuals may experience mild short-
ness of breath, but usually tolerate these subclinical changes
well.However, in patientswith limited pulmonary reserve, such
as severe COPD, this may lead to respiratory failure.

The interscalene brachial plexus block is associated with
close to 100% incidence of hemidiaphragmatic paralysis.
Even the supraclavicular and infraclavicular blocks are also
associated with 34–50% and 14% reported incidence of
hemidiaphragmatic block, respectively [3, 4]. The safest
approach for patients with respiratory compromise is the
axillary block, which carries no such risk. For shoulder
surgery, a study showed that suprascapular nerve block
provides significant shoulder analgesia and opioid sparing
[5] without diaphragmatic function involvement. Even
though its analgesic effect is not as complete as interscalene
block, the suprascapular nerve block is a safe alternative
technique for postoperative analgesia after shoulder surgery.

7. What should be communicated with the surgical team
before proceeding to the block? What are some relevant
perioperative concerns?

Interdisciplinary communication is essential for best
patient care. Specific details that should be addressed before
the block (and before the case, in general) include:

• Need for postoperative neurological tests, especially for
fractures, surgical interventions, and hardware placement
in immediate proximity to nerves and major blood ves-
sels. If preexisting or iatrogenic nerve injury is a likely
concern, the regional anesthesia block could be per-
formed postoperatively, after a neurological examination.
However, a postoperative block may be more challeng-
ing due to patient position, discomfort and cooperation,
surgical dressing, and tissue edema. Preoperative catheter
placement without local anesthetic injection and bolus
with local anesthetics after the operation and satisfactory
examination may be considered, especially in anatomi-
cally challenging patients.

• Need for intraoperative nerve stimulation—sometimes,
especially in cases where injury or/and subsequent scar-
ring has disrupted normal anatomy, intraoperative nerve
stimulation could be helpful in identifying nerve struc-
tures. Proximal plexus block does not impair the ability
to obtain motor response from stimulation distal to the
level of the block. Logically, in such cases, neuromus-
cular blockers should be avoided.

• Concerns for postoperative acute compartment syndrome
(ACS). Early signs and symptoms of acute compartment

syndrome include disproportional pain, paresthesia, and
paresis before developing limb ischemia. Neural block-
ade intends to produce analgesia, numbness and motor
weakness—signs and symptoms similar to these of ACS,
which may make such diagnosis more difficult. The
anesthesiologist should discuss the specific risks and
benefits with the surgical team, especially in high-risk
patients, which include patients with fractures of leg or
forearm, younger patients (age <35 years) and male
patients [6, 7]. The use of peripheral nerve blocks for
patients at risk for ACS remains controversial and is the
subject of an ongoing debate. To mitigate the risks of
“masking” warning signs and symptoms, nerve blocks
should be followed by vigilant monitoring for ACS,
including compartment pressure monitoring, and close
communication with the surgical team should be main-
tained. Short-acting local anesthetics may be used for
anesthesia/analgesia while allowing for rapid recovery of
nerve function, continual testing, and monitoring. Low
concentrations of local anesthetics should be used for
analgesia to avoid “dense” motor blocks [8].

8. Would you perform a brachial plexus block with ultra-
sound (US) guidance, nerve stimulator (NS), or landmark
with paresthesia? What is the evidence in support of US
utilization over NS?

• Ultrasound-guided peripheral nerve blocks are associated
with higher success rate, quicker block onset, reduced
number of needle passes, lower local anesthetic dose
requirements/use, and improved detection and avoidance
of intraneural and intravascular injection [9]. However,
since the incidence of nerve injury is extremely low
(1.5:10,000), studies have failed to prove a difference
between ultrasound-guided and conventional techniques
[10].

9. Is it safe to perform peripheral nerve blocks outside the
OR? Is there any benefit to perform the block in the block
room?

Peripheral nerve blocks can be performed safely outside
the operating room as long as the environment meets the
minimal standard requirements to perform regional anesthe-
sia. The designated area (block room) must have standard
equipment not only to perform the block, but also for mon-
itoring for and resuscitation from potential complications
such as oversedation or local anesthetics systemic toxicity
(LAST). The block room should also be staffed by a nurse or
other medical personnel with perioperative experience and
training to monitor the patient’s vital signs and mental status
after the block. According to ASRA recommendations,

370 N. Zinboonyahgoon and K. Vlassakov



patients should be monitored (standard ASA monitoring—
noninvasive blood pressure, oxygen saturation, and electro-
cardiography) during the block and for at least 30 min after
the injection due to the risk of immediate (from intravascular
injection) and delayed (from uptake, overdose) local anes-
thetic systemic toxicity [11]. Resuscitation equipment (oxy-
gen, suction, and airway equipment) and medications,
including 20% lipid emulsion (Intralipid), should be at hand
and preferably organized in a cart or kit.

Block rooms allow the surgeon and anesthesiologist to
perform parallel work without excessive production pres-
sure. Moreover, evidence shows the availability of block
room and dedicated regional anesthesia service not only
improves OR efficiency, but may also lead to decreased OR
cost and decreased hospital length of stay in ambulatory
patients [12], while enhancing residency education due to
more teaching time and increased residents’ exposure to
regional anesthesia by more than 400% [13].

10. If the patient develops ventricular tachycardia and car-
diovascular collapse within seconds after supraclavicular
block with 0.5% bupivacaine 30 ml, what should the
differential diagnosis, immediate management, and pre-
vention be?

Classic manifestations of local anesthetics systemic tox-
icity (LAST) begin with CNS toxicity (agitation, auditory
change, drowsiness, mental status change, and progressing
to generalized clonic-tonic seizures) before CVS toxicity
(hypertension, tachycardia, ventricular arrhythmias, con-
duction block, decreased contractility, and asystole). How-
ever, some commonly used local anesthetics such as
bupivacaine, ropivacaine, and even levobupivacaine have a
narrow window of transition from CNS to CVS toxicity (low
CC/CNS ratio); therefore, manifestations of cardiac toxicity
without prodromal signs and symptoms of CNS toxicity or
simultaneous presentation of CNS and CVS toxicity can also
occur, especially in the context of sedatives administration.
LAST should be considered first and should determine the
initial response and treatment, if cardiac arrhythmia, car-
diovascular instability and cardiac arrest happens during or
immediately after nerve block.

Management [11]:
• Prompt and effective airway management to prevent

hypoxia and acidosis
• Seizure control with benzodiazepine or low dose propofol
• Start lipid emulsion therapy at the first sign of LAST

Dose:
– 1.5 ml/kg 20% lipid emulsion bolus and

0.25 ml/kg/min infusion at least 10 min after circu-
latory stability is attained

– If circulatory stability is not attained, consider rebo-
lusing and double infusion rate

– Approximately 10 ml/kg lipid emulsion for 30 min is
recommended as the upper limit for initial dosing

• If cardiac arrest occurs, initiate ACLS. If epinephrine is
used, small initial doses (10–100 mcg) are preferred, due
to concern for arrhythmogenicity and animal studies,
which showed and epinephrine had poorer outcomes
with usual doses of epinephrine and vasopressin in local
anesthetics induced cardiac arrest, when compared to
lipid emulsion (vasopressin is not recommended)

Prevention:
Two major mechanisms of LAST are excessive uptake
(overdose) or inadvertent intravascular injection; the risk of
these can be diminished by
• observing the maximum recommended doses for the

different local anesthetics, for example total bupivacaine
dose should not exceed 2.5 mg/kg [14]

• taking into consideration the vascularity of the block site
and the anticipated local anesthetic absorption (e.g.,
intercostal > caudal > brachial plexus) to modify local
anesthetic dose and timing

• minimizing the risks of intravascular injections:
– incremental injection of local anesthetic, 3–5 ml at a

time, with continuous weak aspiration while
advancing needle and before each injection

– adding epinephrine to local anesthetics at
2.5–5 mcg/ml (i.e., 1/400,000–1/200,000) as a mar-
ker for intravascular injection

– ultrasound guidance is shown to decrease the risk of
vascular injury and may reduce the likelihood of
intravascular injections

11. A patient complains of shortness of breath, 30 min after
a supraclavicular BPB:

• What is the differential diagnosis? What should be
done to confirm the diagnosis? What is the recom-
mended management?

If the patient has underlying cardiac and respiratory prob-
lems, but develops the symptoms after the procedure, the dif-
ferential diagnosis can be classified into two broad categories
by etiology—procedure-related and comorbidity-related:

• Procedure-related complications
– Pneumothorax

Signs and symptoms: pleuritic chest pain during a deep
inspiration is common; history of a challenging nerve block,
multiple needle passes, or difficult needle visualization,
cough or positive air aspiration during the block are
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suggestive clues. Physical examination may reveal decreased
breath sounds on auscultation and hyperresonant percussion
sounds on the suspected side. However, physical examina-
tion may not be able to detect a small pneumothorax

Diagnostic assessment: traditional investigation includes
a chest X-ray to find radiolucent area without lung markings,
visible visceral pleural line or mediastinal shift, or lung
collapse in a severe case. Limitations include the time nee-
ded to obtain a quality chest X-rays and their interpretation;
chest X-ray may also be insufficiently sensitive to detect a
small pneumothorax.

Thoracic ultrasound is another modality that can detect
pneumothorax and many lung pathologies. Ultrasound is
portable, available in most operating rooms and provides
immediate bedside information. Additionally, studies show
that apical thoracic ultrasound scans have superior sensitivity
(100%) and specificity (100%) for the detection of post-
procedure pneumothorax compared to chest X-ray. The pos-
itive sign of pneumothorax includes loss of lung sliding of the
pleura (B mode) and loss of “seashore” sign (M mode) [15]
(Fig. 47.2). However, information from ultrasound is operator-
dependent and needs practice for scanning and interpretation.

Management [16]:
• Surgical team should be consulted for evaluation and

management, including possible chest tube placement.
• Patient must be observed and monitored for signs and

symptoms of respiratory distress and a follow-up chest
X-ray should be done in next 2–3 h.

• Oxygen administration may facilitate the air absorption.
• If the patient becomes symptomatic or the size of pneu-

mothorax becomes larger or needs mechanical ventila-
tion, a chest tube placement is required.

Generally, a small closed pneumothorax will be sponta-
neously absorbed, and a healthy individual may tolerate it
well without a chest tube. In fact, there is a suspicion that the
incidence of asymptomatic pneumothorax complications
related to nerve block and central line placement might be
higher than reported, due to lack of routine testing in
asymptomatic patients. However, a patient with underlying
pulmonary disease may not tolerate pneumothorax to any
extent, and a chest tube may be needed earlier before the
patient’s condition deteriorates.

– Diaphragmatic paralysis:

Signs and symptoms: patients usually complain of
shortness of breath in supine position, and paradoxical
movements of epigastrium may be observed.

Diagnostic assessment: Radiographic signs of diaphrag-
matic paralysis include one-sided diaphragmatic elevation
on chest X-ray and paradoxical diaphragmatic movement
during the inspiration on fluoroscopy.

Thoracic ultrasound at the lower intercostal space can
diagnose diaphragmatic paralysis by detecting the absence of
excursions with breathing and the presence of paradoxical
motion on sniffing [17]. However, information on ultrasound
is operator-dependent and needs practice for scanning and
interpretation.

Management: Diaphragmatic paralysis will resolve when
the effect of local anesthetic wears off. Supportive treatment
by positioning patient in a more upright position, adminis-
trating oxygen, and observing respiratory status are usually
sufficient. However, a patient with underlying pulmonary
disease may develop respiratory failure and need ventilation
support or intubation.

Fig. 47.2 Thoracic ultrasound image in M mode of pneumothorax
(left) and normal lung (right).The normal lung finding (right) are
streaks of multiple horizontal lines running parallel from the top of the
screen to the bright-white pleural line in the middle of the screen and

granular appearing below the pleural line (sandy beach or seashore
sign). Pneumothorax finding (left) are streaks of horizontal lines run
above and below pleural line (barcode sign). From [27], with
permission of Wolters Kluwer
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• Comorbidity-related:

In patients with complex underlying cardiopulmonary
disease who develop acute distress, the diagnostic consid-
erations should include COPD with acute exacerbation,
atelectasis, aspiration, and acute heart failure of ischemic or
nonischemic etiology. Detailed knowledge of the patient’s
history and constructing a comprehensive differential diag-
nosis is critical for timely treatment, including respiratory
and cardiovascular support, while specific options dependent
on the potential causative pathology (such as bronchodila-
tors or diuretics) are determined with specialized consulta-
tive help.

12. Skin incision made 45 min after a supraclavicular block
with 0.5% bupivacaine 30 ml. Patient unable to move
his arm, but complaining of pain during incision. What
are the differential diagnosis and management?

Onset of Bupivacaine and Ropivacaine for peripheral
nerve block is 15–30 min (10–15 min for lidocaine and
mepivacaine) [18]. At the 45-min time point, bupivacaine
should already attain the full effect. Sensation tests of upper
extremities, especially the surgical site, will provide more
information about sparing the area as follows:

Cutaneous sensation remains intact in the medial aspect
of the upper arm: This area is fully or partially innervated by
the intercostobrachial nerve (T2 nerve root) and is not
covered by a brachial plexus block. The intercostobrachial
nerve is a cutaneous nerve, and a supplemental block can be
easily done by subcutaneous infiltration of the skin at the
medial aspect of the arm in axilla. If the surgical incision
involves the medial aspect of the arm, an intercostobrachial
block should be done with a brachial plexus block from the
start. However, if the surgical field was already prepped and
draped, the surgeon can do supplemental skin infiltration on
the medial aspect of arm, either proximal to the incision or at
the incision site.

Cutaneous sensation intact in other areas: An incomplete
block can occur with an interscalene block (lower
plexus-C8, Th1 roots sparing—ulnar, medial brachial
cutaneous, medial antebrachial cutaneous nerves, plus parts
of median and radial nerves) and axillary block (musculo-
cutaneous nerve distribution; anterolateral aspect of fore-
arm). As a supraclavicular block is performed at the
divisions over the first rib, where the brachial plexus is
relatively compact, it usually results in complete anesthesia
of the entire upper extremity. However, many factors,
including technical difficulty and anatomical variations, can
contribute to an incomplete block or failure. Additional
bolus of local anesthetics though an indwelling BPB catheter
and supplemental skin infiltration by the surgical team, and

systemic analgesic/sedative are usually sufficient for a small
area of “block-sparing.” A rescue peripheral nerve block can
be done, but there is a theoretical concern about nerve injury
when performing nerve blocks in an anesthetized area (even
if incompletely anesthetized) [19]. Finally, if the rescue
management is not sufficient, conversion to general anes-
thesia may be necessary.

13. The patient has complete analgesia of the right upper
extremity. Operation is performed with the application
of a tourniquet and is uneventful for the first 2 h, then
patient complains of pain in the arm. What is the
explanation?

Prolonged application of tourniquet causes tissue ische-
mia and accumulation of inflammatory mediators such as
potassium and hydrogen ions, producing intense nociceptive
stimulation, and “tourniquet pain”. Unlike somatic surgical
pain, which is transmitted both through A-delta and C-fibers,
the transmission pathway for ischemic pain is mainly via
C-fibers [20, 21].

A-delta are small myelinated fibers and more sensitive to
local anesthetic block than non-myelinated C-fibers. In other
word, conduction of pain through C-fibers is more resistant
to nerve block and will return earlier when the block starts to
wear off. This is a plausible explanation of why the patient
may experience dull aching pain in the anesthetized area
after a prolonged tourniquet application.

Tourniquet pain is ultimately relieved by releasing the
tourniquet; however, if critical for the procedure, adminis-
tration of systemic analgesics or sedation may temporarily
alleviate the pain till safe deflation is possible.

14. The operation goes on uneventfully and patient is pain
free in the recovery room. The supraclavicular catheter
is infused with 0.2% bupivacaine at 6 ml/h. However,
20 h later, the patient complains of severe pain around
the elbow. What should the management response be?

The event of adequate anesthesia and analgesia from the
initial local anesthetic bolus via the block needle, but failed
analgesia from the catheter can be called secondary failure
and is not uncommon (reportedly, 10–26% for upper
extremity blocks). In one study, a slightly higher incidence
of failure was found in supraclavicular catheters (26%),
compared to infraclavicular catheters, presumably due to less
stable surrounding tissue and more movement [22].

The causes of secondary failure of peripheral nerve
catheter include initial catheter malposition, catheter migra-
tion, dislodgement, obstruction, leakage, disconnect, or
infusion pump malfunction. Troubleshooting should start
from checking the infusion pump and catheter site, catheter
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depth/length markings at skin, followed by sensory and
motor testing. If the catheter migrated in, it can be adjusted
by pulling it out to minimum depth of 1–3 cm (1 cm for
single orifice and 3 cm for multi orifice catheters) beyond
the original (needle) depth from skin to plexus (target). If the
pump and catheter work properly, but the patient has an area
of intact sensation, the catheter can be bolused with 5–10 ml
of 0.1–0.2% bupivacaine (analgesic concentration of local
anesthetics) and reassess after an appropriate wait period
(30 min). If the pain is improved after the bolus, the infusion
rate may be increased to prevent pain from an inadequate
amount of local anesthetics later.

15. Thirty minutes after adjusting the catheter and a sup-
plemental bolus of 0.2% bupivacaine 10 ml through the
catheter, the patient has decreased sensation in the whole
upper extremity but still reports worsening severe pain.

What are your concern and pain management response?
Breakthrough pain in the setting of effective regional

anesthesia block (sensory and/or motor) indicates serious
pathology. Several case reports describe patients with severe
pain through functioning peripheral nerve blocks before
developing full-scale acute compartment syndrome
(ACS) [8, 23–26].

Acute compartment syndrome is a consequence of ele-
vated pressures in confined fascial spaces, leading to neu-
rovascular compromise and ultimately to tissue necrosis.
Similar to the ischemic effect from the application of a
tourniquet, the intense nociception is resistant to an anal-
gesic dose of local anesthetics. The patient may have com-
plete skin numbness and even motor weakness, but still be in
severe pain [8]. Signs and symptoms of ACS include pain,
pallor, paresthesia, paralysis and pulselessness. However,
only pain out of proportion and pain on passive movement
are consistently early signs for diagnosis before irreversible
tissue damage starts to occur.

Once ACS is suspected, an orthopedic/trauma surgery
team should be called to evaluate the patient with the acute
pain team.

In the case of an incipient ACS, initial management
includes releasing the cast or circumferential dressing and
close monitoring for signs of ischemia and follow-up intra-
compartmental pressure. Established ACS is an urgent
limb-threatening condition, and delays with diagnosis and
fasciotomy are associated with poor outcomes. Fasciotomy
should be promptly done ideally before or immediately after
tissue perfusion is compromised.

A peripheral nerve block for a patient who is at risk for
ACS is still a debatable issue, due to concern that the block
can mask the pain and delay the diagnosis. However, the
pain from ischemic pain originates from the strong noxious

stimuli and should not be blocked with an analgesic dose of
local anesthetics (0.1–0.2% ropivacaine at 4–6 ml/h) [8].
Moreover, pain through a working nerve block can be an
early warning sign of ACS. The best practices for peripheral
nerve block for a patient who is at risk for ACS requires
close communication and mutual understanding between the
surgical team, the anesthesia team and the patient, regarding
the risks and benefits of regional anesthesia signs and
symptoms of ACS, safe and effective analgesic closes of
local anesthetics and other available pain management
modalities.
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48Labor and Delivery

Vesela Kovacheva

This morning, a 31-year-old nulliparous woman presents for
labor after spontaneous rupture of the membranes. Other
than mild asthma treated occasionally with an albuterol
inhaler, her pregnancy has been unremarkable. Her last meal
was 1 h ago. She requests an epidural.

Medications: Prenatal vitamins, dailyAlbuterol, as
needed

Allergies No known drug allergies
Past Medical
History

Mild asthma

Physical exam

Vital
signs

Heart rate 86/min, Blood Pressure 98/62 mmHg,
Respirations 22/min, Oxygen Saturation 98%

Lungs Clear to auscultation, no wheezing
Heart Regular rate and rhythm, no murmurs
Back No scoliosis

1. What are the indications/contraindications for labor
epidural?

The epidural is a very safe and efficient technique for pain
control during labor.

Indications:

• Patient’s request. Historically, the placement of epidural
was advised only after the parturient has reached certain
cervical dilation, since it was once believed that the
procedure may increase the rate of cesarean delivery.

Since this belief has never been proven, an epidural can
be placed at any stage of the labor [1].

• Established labor, defined as regular contractions, which
results in cervical dilation.

• Lack of contraindications.

Contraindications:

• Patient’s refusal or inability to cooperate.
• Coagulation disorders—thrombocytopenia, concurrent

use of anticoagulants, DIC, or other causes of coagu-
lopathy—which pose increased risk of epidural
hematoma.

• Infection—localized, at the site of insertion or untreated
systemic infection—which pose risk of introducing the
infection to the CNS.

• CNS space-occupying lesion associated with increased
intracranial pressure—tumor, cyst, or vascular malfor-
mation—which pose risk of brain herniation in the case
of dural puncture.

• Lack of training, experience of the personnel, or inade-
quate staffing—which prevent the safe placement and
monitoring 24/7 of parturients with epidural analgesia.

The epidural placement may be technically challenging in
patients with lumbar scoliosis, especially in the presence of
spinal instrumentation, high BMI, advanced labor and his-
tory of previous difficult placement.

2. What are the advantages/disadvantages of the
epidural?

Advantages:

• The best method for pain control during labor.
• High level of maternal satisfaction.
• Very low fetal exposure to medications.
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• Ability for fast and safe conversion to anesthesia if
urgent/emergent instrumental vaginal or cesarean deliv-
ery is needed.

Disadvantages:

• Risk of complications.
• Offered mostly at hospitals that have 24/7 obstetric

anesthesia staffing.
• Need to maintain IV access and bladder drainage (usually

using Foley catheter) throughout labor.
• Potential confinement of the parturient to the hospital bed

due to concern for motor block.
• Recovery period after the delivery for the motor and

sensory block to resolve.

3. What are the complications of epidural analgesia?

The complications of the epidural include:

• Uneven block, multiple attempts, and failed epidural
necessitating replacement. This commonly happens in
about 10% of all epidural placements and can be related
to technical difficulties (scoliosis, maternal inability to
cooperate, inexperienced operator), suboptimal location
of the epidural catheter tip (for example, due to migra-
tion), and unknown reasons.

• Accidental intrathecal or intravascular placement. This
puts the patient at risk for high block and total spinal
anesthesia (if intrathecal catheter) or intravascular injec-
tion of high dose of local anesthetic (if intravascular
catheter). In the case of dural puncture, there is a risk for
post-dural puncture headache.

• Extensive or prolonged block. This usually happens if
there is a high concentration and high dose of local
anesthetic used.

• Neurological injury, epidural abscess, and epidural
hematoma. The incidence of these complications is
extremely rare, but since any of these can be permanent
and devastating, much attention should be paid on proper
technique and monitoring for these complications.

4. What are the side effects of epidural analgesia?

• Pruritus due to the administration of epidural opioid.
The cause of this side effect is largely unknown, but
possibly related to central activation of opioid
mu-receptors. Usually, this type of pruritus is tran-
sient and thus requires no intervention; if necessary it
can be treated with opioid antagonists (naloxone),
partial agonists–antagonists (nalbuphine), or antihis-
tamines (diphenhydramine).

• Nausea and vomiting. The incidence of nausea and
vomiting during labor, even in the absence of epidural
analgesia, is quite high due to multiple mediators.
However, the presence of epidural opioid elevates the
risk even higher. Thus, a possible prevention in
patients with prior history of nausea and vomiting due
to opioids is omission of the opioid from the epidural
solution. Alternatively, if it has already developed,
this side effect can be treated with antiemetics in the
absence of contraindications.

• Urinary retention commonly results from blockage of
the sympathetic and parasympathetic fibers innervat-
ing the bladder. Most laboring women are catheter-
ized even if they are not receiving epidural analgesia.
However, in the latter case, if there is evidence of
bladder distention and no Foley catheter, the bladder
should be drained.

• Maternal hypotension due to sympathetic block and
decreased systemic vascular resistance. In the case of
uteroplacental insufficiency, the maternal drop in
blood pressure may also be associated with fetal
bradycardia. The incidence of these events depends
on the strength and dosage of the epidurally injected
compounds and prior fetal well-being. In order to
minimize the risk of these events, frequent maternal
blood pressure checks are recommended, especially
after placement and epidural boluses. Prompt treat-
ment with repositioning of the mother (uterine dis-
placement, Trendelenburg position), intravenous
fluids (500–1000 ml crystalloid solution bolus)
and/or vasopressor (phenylephrine and/or ephedrine)
usually result in quick improvement.

• Fever. Many studies have shown a higher incidence
of fever in women receiving epidural analgesia during
labor. The cause for this temperature elevation is
unknown. However, these patients have a higher
incidence of evaluation and treatment of chorioam-
nionitis and a higher incidence of instrumental vagi-
nal or cesarean delivery.

• Reactivation of Herpes simplex virus. The cause of
this is unknown and there are only a few studies
reporting association with neuraxial opioids.

5. Besides the epidural, are there any other options for
neuraxial analgesia?

In addition to epidural, the armamentarium of the
obstetric anesthesiologist for labor neuraxial analgesia
involves combined spinal epidural (CSE), dural puncture
epidural (DPE), and continuous spinal analgesia. CSE is
established by finding the epidural space using large, usually
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17 gauge epidural needle. With needle through needle
technique, the anesthesiologist will insert a smaller, usually
25 or 27 gauge spinal needle through the epidural needle to
perform single shot spinal, after which the epidural catheter
is threaded. The CSE technique offers fast onset, high quality
analgesia, better sacral spread compared to epidural; how-
ever, there is a slightly higher incidence of nausea, itching,
and hypotension compared to the epidural. In addition, due
to the initial comfort provided by the spinal component, the
detection of suboptimal epidural catheter may be delayed.
DPE is performed similarly to the CSE but without the
injection of spinal medication. This technique offers
improved sacral spread of the epidural medications and is
considered advantageous if the neuraxial analgesia is
requested late in labor. Continuous spinal analgesia is used if
there is an unintentional dural puncture or if an epidural
cannot be placed for technical reasons. It is associated with
high quality block, but the disadvantages include higher risk
for PDPH, hypotension, pruritus, catheter malfunction and
risk for total spinal analgesia.

6. Are there any alternatives to the neuraxial analgesia?

The alternatives to neuraxial analgesia are pharmacologic
and non-pharmacologic. Pharmacologic agents for labor
control include intravenous opioids, ketamine, dexmedeto-
midine and inhaled nitrous oxide. Opioid analgesics can be
administered as a bolus (meperidine, morphine, fentanyl,
nalbuphine) or patient-controlled analgesia (fentanyl,
remifentanil). The latter may provide a high quality labor
analgesia, however, it is still inferior compared to epidural
analgesia [2]. Overall, opioids provide temporary pain relief,
but their use is limited by maternal and fetal side effects
including nausea, somnolence, disphoria, hypoxia, and fetal
bradycardia. Dexmedetomidine infusion or bolus has been
described and is an option when neuraxial analgesia is not
indicated, however, sedation and bradycardia are possible side
effects [3, 4]. Nitrous oxide has recently become an option for
labor analgesia in the US, but has been used for many years in
other countries like Great Britain. It is self-administered by
the parturient as an inhaled gas in 50% oxygen mix in the
beginning of each contraction. In most cases, it is not potent
enough to be used throughout labor [5], but can help in the
early stages or while neuraxial anesthesia is being placed.

Non-pharmacologic means of pain control during labor
include emotional support by spouse or friend, massage
therapy, hypnotherapy, hydrotherapy, and doulas. A doula is
an individual that accompanies the parturient during her
labor and provides emotional and spiritual support. Most
non-pharmacologic methods can safely be used alongside

neuraxial anesthesia and enhance the overall satisfaction of
the parturient.

7. What is the basis of the pain in childbirth?

The origin of labor pain is quite complex and currently an
area of active research. During the first stage of labor, as the
uterus contracts and the cervix progressively dilates, multi-
ple stretch receptors are activated in the uterine wall. The
sensory afferents travel via spinal nerves to T10-L1 seg-
ments of in the spinal cord. This pain is visceral, dull, and
difficult to localize. During the second stage of labor, the
expulsive efforts of the mother result in distention of the
perineum and vagina. The stretch receptors in these areas are
innervated by S2–S4 spinal cord segments. The pain is
somatic, sharp, and easily localized. The perception of labor
pain is highly individualized experience, modulated by
numerous hormonal, emotional, social, cultural, and reli-
gious factors.

8. In two hours after uneventful epidural placement, you
are called in the labor room due to pain. What do you
do?

A bedside pain consult should include assessment of the
location, intensity and duration of the pain, the sensory block
level using cold or pinprick, maternal vital signs, labor
progress, and the fetal well-being. If there is no sensory
block and the epidural catheter at the skin is shallower than
when placed, it is likely that the catheter has migrated out-
side of the epidural space and will need to be replaced. If the
sensory block level is low or unequal and the location of the
epidural catheter at the skin is unchanged, the likely cause of
pain may be insufficient amount of anesthetic. A higher
volume of local anesthetic in the form of an epidural bolus
should be given and the parturient position could be changed
so that the side that has the most pain is dependent. If the
sensory level is adequate, and the labor is in the early stage,
a higher concentration of local anesthetic could be given. If
the sensory level is adequate but the labor progression is
approaching the second stage, administering a neuraxial
opioid, e.g., fentanyl, may be a better choice. Giving local
anesthetic at this point may result in a motor block and
interfere with maternal expulsive efforts. In all cases, the
maternal and fetal well-being will need to be assessed and
emergencies like uterine dehiscence, uterine rupture, and
placental abruption will need to be excluded. In cases when
the epidural is bolused, frequent checks of the maternal vital
signs will need to be done to allow for early detection of
hypotension.
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9. In one hour after the epidural was optimized, you are
called at the bedside due to non-reassuring fetal heart
rate (FHR). What is fetal heart rate monitoring
(FHM) and what do you do about it?

FHM is continuous, intrapartum recording of the fetal
heart rate in relation to uterine contractions over time. The
rationale is to detect changes in fetal heart rate as a sign of
deterioration and, via instituting timely interventions, to
prevent adverse outcomes. It is believed that various intra-
partum events like fetal hypoxemia, hypoperfusion, and
hypercarbia lead to fetal acidemia. Acidemia, in turn, acti-
vates the carotid chemoreceptors that send impulses to the
medulla and lead to vagal activation in the fetus, leading to
bradycardia. In this way, change in fetal heart rate can be an
early sign of fetal compromise.

When looking at a FHM recording, the following needs
to be evaluated:

• Uterine contractions—recorded at the bottom of the strip,
normal is less than five contractions over a 10 min per-
iod. A higher frequency of uterine contractions is called
uterine tachyphylaxis and this usually results from labor
augmentation with oxytocin. It can compromise placental
perfusion and lead to fetal acidemia.

• Baseline FHR—the mean heart rate over a 10 min per-
iod. Normal FHR is between 110 and 160 beats per
minute. Fetal tachycardia can be caused by infection,
early stages of acidemia, prematurity, multiple gestations,
anemia, hyperthyroidism, and fetal heart anomalies. Fetal
bradycardia is associated with administration of some
medications like beta blockers and opioids, maternal
hypotension, profound anemia, and prolonged academia.
Sustained fetal bradycardia may result in fetal demise.

• Accelerations—short, transient cycles of FHR increase
by 5–10 beats per minute and prompt return to baseline
in less than 2 min. These result from the interplay of fetal
sympathetic and parasympathetic nervous system and are
a sign of well-being.

• Decelerations—short periods of FHR decrease more than
15 beats per minute and prompt return to baseline. In
relationship to the uterine contractions, the decelerations
can be:
– Early decelerations—the nadir of the deceleration

coincides with the peak of the uterine contraction and
usually results from fetal head compression and mild
hypoxia.

– Late decelerations—the nadir of the deceleration hap-
pens in about 10 s after the peak of the uterine contrac-
tion, commonly a result from maternal hypotension,
medications, or uteroplacental insufficiency

– Variable decelerations—the occurrence of these
decelerations is not related to the uterine contractions,
these are usually abrupt, can be in the shape of the
letters ‘U’, ‘V’, or ‘W’, irregular, have sharp edges
and result from umbilical cord compression.

Based on evaluating the significance of all these charac-
teristics of the FHM, the National Institute of Child Health
and Human Development in 2008 established three cate-
gories to guide further management [6].

• Category one: includes normal baseline FHR, presence
of accelerations, presence or absence of early decelera-
tions. It is very reassuring, sign or normal fetal
well-being and requires no further intervention.

• Category two: multiple abnormal FHR which do not
belong in category one or three, including minimal
baseline variability, recurrent variable decelerations and
recurrent late decelerations. It is usually not a sign of fetal
compromise, but requires careful monitoring, considera-
tion of further tests to assure fetal status, correction of
maternal fever, hypotension or bradycardia.

• Category three: includes sustained fetal bradycardia and
absence of variability. It necessitates prompt attempts to
resolve, as above, and if it still persists, usually instru-
mental or cesarean delivery will be initiated.

When called at the bedside in the setting of deteriorating
FHR, the anesthesiologists can correct contributing maternal
factors like hypotension, bradycardia, or hypoxia. If decision
for instrumental or cesarean delivery is made, the epidural
level needs to be assessed, and, if necessary, optimized to
achieve surgical anesthesia. Since the parturient airway can
change as the labor progresses [7], preparation for difficult
airway should also be considered in case that neuraxial
anesthesia is suboptimal.

10. Four hours after a healthy boy has been delivered via
vacuum and the epidural pulled, the obstetrician
requests ‘a little sedation’ so that he can do manual
exploration due to continued bleeding at the bedside.
What do you do?

The anesthetic considerations will need to be discussed
with the obstetrician. The operating room will be a better
location for such case since there are more resources and
better equipment. Moreover, sedation will not be the best
choice in a patient with possible difficult airway and aspi-
ration risk. If feasible, a spinal anesthesia should be con-
sidered and if not, the patient will need general anesthesia
and rapid sequence intubation.
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11. After uneventful spinal in the operating room, the
obstetrician requests help with uterine relaxation for
extraction of retained products. Which agents can
you use?

The best choice in this situation is intravenous nitro-
glycerin 40–100 mcg. It has a fast onset of action, short
duration, and excellent safety profile. Alternatively, admin-
istering inhalational anesthetic in 2.0–3.0 MAC will be
successful, however, this will require endotracheal
intubation.
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49Preeclampsia

Dan Drzymalski

Case

A 26-year-old G1P0 parturient at 32 weeks gestation pre-
sents to the labor and delivery floor with a severe headache
and onset of contractions.

Physical Exam:
Visibly uncomfortable from labor pain
Mild crackles bilaterally on auscultation
Regular rate and rhythm

Vital Signs:
BP: 190/112 mmHg
HR: 115/min
RR: 26/min
O2: 99% on room air

Labs:
Platelet count: 85,000/mm3

2 + proteinuria on urinalysis

Questions:

What is preeclampsia?

Preeclampsia is a clinical syndrome whose primary
distinguishing features include new onset hypertension
and proteinuria after 20 weeks’ gestation. The disease
can be categorized as either mild preeclampsia
(BP ≥ 140/90 mmHg, proteinuria 300 mg/24 h) or severe
preeclampsia (BP ≥ 160/110 mmHg, proteinuria 5 g/24 h).
Other symptoms include headache, visual disturbances,

epigastric or right upper quadrant pain, as well as fetal
symptoms (e.g., intra-uterine growth restriction) [1].

Is proteinuria necessary for a diagnosis of preeclampsia?

No. The Task Force Report on Hypertension in Preg-
nancy by The American College of Obstetricians and
Gynecologists published in November 2013 reported that the
absence of proteinuria should not exclude a diagnosis of
preeclampsia. Parturients without proteinuria who present
with persistent epigastric or right upper quadrant pain, per-
sistent cerebral symptoms, fetal growth restriction, throm-
bocytopenia, and elevated serum liver enzyme
concentrations should be evaluated for possible preeclamp-
sia. Waiting for development of proteinuria may delay
delivery of optimal care [2].

What is HELLP syndrome?

The acronym of HELLP stands for: Hemolysis, Ele-
vated Liver enzymes, and Low Platelets. Hemolysis can be
recognized by abnormal peripheral blood smear and ane-
mia. Laboratory studies reveal AST ≥ 70 IU/L and platelet
count less than 100,000/mm3. Parturients with HELLP
syndrome are at an increased risk for peripartum morbid-
ity, including DIC, placental abruption, and preterm
delivery [1].

What are risk factors for developing preeclampsia?

Risk factors for developing preeclampsia include obesity,
chronic hypertension, diabetes mellitus, and metabolic syn-
drome. The risk of preeclampsia doubles with each 5 to
7 kg/m2 increase in body mass index from pre-pregnancy
values. The presence of preexisting chronic hypertension
triples the risk of developing preeclampsia. Diabetes mellitus
is associated with a twofold increased risk of developing
preeclampsia [3].
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What might be a good prophylactic medication for
preeclampsia?

Preeclampsia is associated with relatively excessive
levels of thromboxane compared to prostacyclin. Throm-
boxane plays an important role in vasoconstriction and one
hypothesis suggests that preeclampsia may be caused by
excessive placental thromboxane production. It has been
suggested that aspirin could prevent preeclampsia because
aspirin inhibits synthesis of thromboxane A2.

Nevertheless, randomized controlled trials have not found
aspirin to be superior to placebo in the prevention of
preeclampsia [1].

What are your considerations for placing an epidural for
labor analgesia?

Since preeclampsia can be associated with thrombocy-
topenia, it is important to consider the risks and benefits of
placing a labor epidural. Mild preeclampsia in the setting of
normal platelet count is not a contraindication for neuraxial
labor analgesia and early epidural placement may improve
uteroplacental perfusion. Women with severe preeclampsia
and thrombocytopenia are at an increased risk for epidural or
spinal hematoma. It is important to consider, however, that
they are also at an increased risk for emergency Cesarean
delivery. The decision to place a labor epidural will ulti-
mately have to be based on each individual patient’s clinical
situation [1].

Would you place a combined spinal–epidural (CSE) for
labor analgesia in this patient?

There are many advantages and disadvantages of a CSE
in a laboring parturient with preeclampsia. The main
advantage of a CSE is rapid onset of analgesia, which can
instantaneously help to decrease the hypertensive response
to pain. However, the primary disadvantage of a CSE is the
inability to evaluate epidural catheter function after resolu-
tion of spinal analgesia. Given the increased risk of emer-
gency Cesarean delivery in the preeclamptic patient, a
standard epidural technique may be more favorable because
it can be immediately verified and provides a means for
rapid induction of epidural anesthesia [1].

What is the minimum platelet count for performing a
neuraxial technique in the preeclamptic patient?

Simply considering a “minimum” platelet count for per-
forming a neuraxial technique in the preeclamptic parturient
is inadequate for assessing the risk of epidural hematoma.
Generally speaking, parturients with mild preeclampsia and

a platelet count greater than 100,000/mm3 do not need fur-
ther evaluation prior to neuraxial technique. Women with a
platelet count less than 100,000/mm3 may require additional
coagulation studies, including PT, PTT, and fibrinogen
levels. The trend in platelet count is more important than the
absolute platelet count. With a rapid decline, the nadir in
platelet count is difficult to predict and may complicate the
neuraxial technique. Regardless, parturients with HELLP
syndrome and a platelet count less than 50,000/mm3 are at
an increased risk of bleeding and general anesthesia may be
required [1, 4].

Is delivery of the child a “cure” for preeclampsia?

Although delivery of the child and placenta are often
called the “cure” for preeclampsia, the risks of preeclampsia
continue for several days postpartum. These risks include
pulmonary edema, cerebrovascular accident, venous throm-
boembolism, and eclampsia. In fact, pulmonary edema is
more likely to occur during the postpartum period because of
the marked fluid shifts that occur with delivery of the child.
Furthermore, approximately 5% of parturients are found to
have postpartum onset of preeclampsia. Therefore,
preeclamptic patients need to be closely monitored during
the postpartum period before discharging them from the
hospital [5].

Would you place an arterial catheter in this patient?

Parturients who present with mild preeclampsia may not
need an arterial catheter, but these patients should be closely
monitored for progression of the disease. Preeclamptic par-
turients who have poorly controlled blood pressure and
require rapid titration of vasodilators will likely require
arterial line placement. Parturients with severe preeclampsia,
who require induction of general anesthesia for Cesarean
delivery or frequent blood gas measurements, may also
require invasive blood pressure monitoring [1].

The patient requires a general anesthetic for STAT
Cesarean delivery. What are your concerns with
laryngoscopy?

Cerebrovascular accident is the leading cause of death in
preeclamptic parturients. The risk of intracranial hemorrhage
is particularly high during laryngoscopy and intubation due
to the hypertensive response to the procedure. Severely
hypertensive parturients will require an arterial catheter for
close hemodynamic monitoring prior to induction of general
anesthesia. Labetalol should be administered prior to
induction until the blood pressure is approximately 140/90.
If the hemodynamic goal cannot be attained with labetalol
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alone, additional antihypertensive medications, including
infusions of nitroprusside and/or nitroglycerin, should be
strongly considered [1].

The patient has been on magnesium sulfate infusion for
seizure prophylaxis. What are your concerns?

Because magnesium sulfate decreases the sensitivity of
the neuromuscular junction for acetylcholine, one of the
primary concerns is prolonged duration of nondepolarizing
muscle relaxants. If general anesthesia is required, doses
should be decreased and a peripheral nerve stimulator should
be used to carefully monitor return of twitches. On the other
hand, the duration of action of succinylcholine is not
increased and standard doses should be used for intubation
[6].

The obstetrician states the uterus is boggy and requests
uterotonics. Which medications are contraindicated in
preeclampsia?

The preeclamptic patient may exhibit significant peri-
partum hemorrhage secondary to uterine atony. Methyler-
gonovine maleate (i.e., methergine, an ergot alkaloid) is an
excellent medication for uterine contractility. However,
methergine can also cause significant increases in both
pulmonary and systemic vascular resistance, leading to
pulmonary and systemic hypertensive crisis due to its effects
on serotonergic, dopaminergic, and alpha-adrenergic recep-
tors. Therefore, methergine is generally contraindicated in
preeclampsia [1].

A preeclamptic parturient with HELLP syndrome pre-
sents with acute right upper quadrant abdominal pain
and severe hypotension. What are your concerns?

Patients with HELLP syndrome are at an increased risk
for rupture of subcapsular hematoma of the liver. Ultra-
sonography can confirm the diagnosis and emergent surgical
intervention is required. Since the most common causes of
death include coagulopathy and exsanguination, this patient
will require transfusions of both red blood cells and fresh
frozen plasma. Emergency laparotomy is necessary to save
the life of the mother, but the mortality rate is still very
high [1].

What is placental abruption?

Placental abruption is an abnormal separation of the
placenta from the uterus prior to delivery of the child.

Bleeding is a major complication of placental abruption. It is
important to remember that the bleeding may be concealed
in the uterus, leading to underestimation of blood loss and
delayed diagnosis. Placental abruption is also complicated
by coagulopathy, further increasing blood loss. Parturients
with abruption will require careful monitoring and early
transfusion [7].

Does a patient with preeclampsia have an increased risk
of placental abruption compared to an otherwise healthy
parturient?

The risk of placental abruption in preeclamptic parturients
is approximately triple compared to healthy parturients.
Given that placental abruption is associated with a higher
risk of DIC and that preeclampsia is already associated with
coagulopathy, these parturients are at a particularly high risk
for large blood loss during the peripartum period [8].

What may be the cause of cerebral edema in a parturient
with preeclampsia?

Cerebral edema is a complication of preeclampsia that
may be caused by loss of cerebral autoregulation. In the
setting of excessive hypertension, endothelial dysfunction
results in hyperperfusion and formation of interstitial edema.
Intravenous fluids should be minimized to decrease the risk
of exacerbating the cerebral edema [1].
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50Abruptio Placenta and Placenta Previa

Annemaria De Tina and Jie Zhou

CASE Called stat by obstetrician for a 29-year-old female
patient who is presenting pregnant at 30 weeks gestation
with fetal bradycardia, vaginal bleeding, and complaining of
abdominal pain.

Medications: Prenatal vitamins

Iron Supplementation

Allergies: NKA

Past Medical
History:

Gestational GERD

Iron Deficiency anemia

Physical
Exam:

Vital Signs: BP 110/60, HR 105 bpm, RR
30/min, oxygen saturation 99%.

Patient appears anxious, slow trickle of bright red
blood from vagina.

Cardiac: Regular rhythm, grade 2/6 systolic ejection
murmur heard only at left sternal boarder

Otherwise: insignificant

1. What are the four major causes of antepartum hem-
orrhage? What are the incidences of each?

The major causes of antepartum hemorrhage include
placenta previa, placental abruption, uterine rupture, and
vasa previa. Placenta previa occurs when the placenta
implants over the cervical os. This implantation may be
marginal, partial, or total in its covering of the os. The
incidence of placenta previa is 4.0 per 1000 pregnancies [1].
Placental abruption refers to the complete or partial separa-
tion of the placenta from the uterine wall before delivery of
the fetus. The incidence of placental abruption varies with
the population studied 3–10 per 1000 pregnancies [2].

Uterine rupture following previous vaginal delivery has an
incidence of 0.18 per 1000 pregnancies. This increases sig-
nificantly to 9 per 1000 pregnancies in women who have had
a previous cesarean section [3]. When fetal vessels have a
velamentous insertion over the cervical os, the fetal vessels
are not protected by the umbilical cord or the placenta. This
is diagnosed as vasa previa and has a traditionally reported
incidence of 1 in 2500 to 1 in 5000 [4, 5].

2. What are the risk factors for placenta previa, pla-
cental abruption, and uterine rupture?

The risk factors for placenta previa and placental abrup-
tion were studied in over 16 million pregnancies, in the
United States, from 1995–2000. Risk factors for placenta
previa include advanced maternal age, multiparity, and his-
tory of Cesarean delivery. Notably, these risk factors exist
prior to pregnancy. Risk factors for placental abruption
include conditions occurring during pregnancy: cigarette
smoking, alcohol intake, preterm premature rupture of
membranes, and chorioamionitis [6–8].

3. What are the risk factors for uterine rupture?

The most common risk factor for uterine rupture is pre-
vious Cesarean section or uterine surgery [9]. Other reported
risk factors include induction of labor, macrosomia ≥4 kg,
gestational age greater than 42 weeks, maternal age over 35,
and short maternal stature [3]. Uterine rupture is rare but
catastrophic and requires prompt identification and
management.

4. What are normal vital signs for a pregnant patient in
her third trimester?

Normal baseline heart rate (HR) increases up to 25%
during pregnancy (by 10–20 bpm on average), however
maternal tachycardia is still defined as HR ≥100 bpm [10–
12]. Blood pressure (BP) slowly decreases from the first to
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second trimester but returns to back to baseline by term
gestation [13]. Maternal hypertension is defined as
BP ≥ 140/90 [14].

Respiratory rate does not increase significantly with
pregnancy, despite a 40% increase in tidal volume and a
30–50% increase in minute ventilation. Tachypnea
(RR ≥ 20 bpm) should be considered abnormal in the
pregnant patient [15]. Oxygen saturation should remain
normal in a pregnant patient at sea level and mild altitude
[15].

5. What are the cardiovascular physiologic changes seen
in pregnancy and what is the most likely etiology of
the murmur?

The parturient undergoes a number of physiologic chan-
ges with impact on the cardiovascular system. There is a
notable decrease in afterload as well as increase in cardiac
output, heart rate, and stroke volume. These adaptive
hemodynamic changes are likely triggered by an early fall in
systemic vascular tone in pregnancy [16]. There is no sig-
nificant change in pulmonary capillary wedge pressure,
central venous pressure, left ventricular stroke work index,
or mean arterial pressure [11]. In order to accommodate for
the increase in plasma and stroke volume, the left ventricle
dilates and hypertrophies. There is an increase in myocardial
contractility by the second trimester [17].

The 50% increases in cardiac output and plasma volume
may be difficult to tolerate if a pregnant patient has valvular
heart disease. The increase in cardiac output worsens
myocardial oxygen demand, exacerbates CHF, and the low
SVR may decrease coronary perfusion, causing myocardial
ischemia. The drop in SVR may also be significant in
women with shunt pathology or congenital heart defects
[18]. Labor contractions can rapidly increase the already

increased cardiac output. During the second stage of labor
cardiac output can increase by an additional 50% [11].

Up to 90% of women will develop a systolic ejection
murmur during pregnancy. They are commonly heard best at
the second left intercostal space or along the left sternal
border. These murmurs are related to the alterations of blood
flow through normal valves and can be attributed to the
increase in blood volume, cardiac output, and blood velocity
[19].

6. What are the four classes of hemorrhagic shock and
how much blood will this pregnant patient lose before
she becomes hypotensive?

Based on the ATLS hemorrhagic shock classification
(Table 50.1) [20], a healthy pregnant patient will not show
signs of hypotension until Class III shock, or 30% of blood
loss. In a 70 kg term gestation pregnant patient who has a
50% increase in plasma volume this means that the patient
may have up to 2 L of blood loss before she displays signs
of tachycardia and hypotension.

7. What are some clinical signs to indicate this patient is
in hemorrhagic shock?

In practice, staff physicians, residents, and nurses are
grossly inaccurate at estimating blood loss after vaginal or
cesarean delivery. There tends to be an underestimation
which only gets worse with increasing blood loss [21]. Care
providers should rely on the clinical picture of the patient to
guide fluid and resuscitation management. Clinical signs of
severe hemorrhagic shock include decreased urine output,
altered mental status (confusion, anxiety, and lethargy),
tachypnea, decreased pulse pressure and the late signs of
tachycardia and hypotension [20].

Table 50.1 The ATLS
classification of hypovolemic
shock [20]

Class I Class II Class III Class IV

Blood loss in % <15 15–30 30–40 > 40

Pulse rate <100 100–120 120–140 >140

Blood pressure Normal Normal Decreased Decreased

Pulse pressure Normal or
increased

Decreased Decreased Decreased

Respiratory rate 14–20 20–30 30–40 >35

Mental status Slightly anxious Mildly
anxious

Anxious, confused Confused, lethargic

Urine output
(ml/h)

>30 20–30 5–15 Negligible

Fluid
replacement

Crystalloid Crystalloid Crystalloid and
blood

Crystalloid and
blood

With permission of the American College of Surgeons
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8. What are the immediate steps in management of this
patient?

This patient has multiple emergent issues that must be
concurrently diagnosed and treated in the immediate man-
agement of this patient. Foremost, this patient is having
ongoing vaginal bleeding and is showing early signs of
hemorrhagic shock including tachycardia (HR > 100),
tachypnea (RR > 20), and altered mental status (anxiety).
There is also acute abdominal pain which may shed light
into the etiology of the bleed. Finally, there are two patients
to consider in this clinical scenario—the parturient and the
fetus. Fetal bradycardia is an obstetric emergency and may
indicate fetal hypoxia and/or impending death.

Obstetric, anesthesia and neonatal teams should be
emergently called to the patient’s bedside. The patient
should be in a monitored setting with BP, HR, SpO2, and
ECG monitoring. 100% O2 should be applied to this patient
and two large bore IV’s should be started above the dia-
phragm with initiation of a crystalloid bolus of 1–2 L. The
patient should get urgent bloodwork including a complete
blood count, coagulation profile, and type and crossmatch
for potential blood transfusion. It may be appropriate at this
time to call for blood products. Vital signs should be mea-
sured at minimum every 5 min including level of con-
sciousness. Attempts should be made to keep the patient
euthermic. The operating suite should be notified and pre-
pared for an emergency cesarean delivery[22].

9. If this patient’s blood type is unknown, which type of
blood should be given in an emergency resuscitation?

This patient should receive type-O negative or uncross-
matched packed red blood cells if crossmatched are not
immediately available [23]. Type-AB fresh plasma and
apheresis platelets should be given in an emergency-release
transfusion if the patient’s blood group is unavailable [24,
25]. If an Rh negative patient receives Rh positive platelets
in an emergency transfusion, she should receive Rho(D)
immune globulin afterwards.

The decision on when to transfuse plasma, platelets and
cryoprecipitate should be guided by laboratory and clinical
factors. Guidelines have recommended transfusion thresh-
olds of platelet count ≤ 50 × 109/L, INR > 1.5, and fib-
rinogen < 1.0 g/L [22].

10. Should this patient receive a general anesthetic or
neuraxial anesthetic?

In many obstetrical emergencies, the type of anesthetic
must be individualized to the patient and clinical scenario. If
the fetal heart rate is persistently bradycardic despite

adequate resuscitation of the mother, or if the vaginal
bleeding remains uncontrolled, an emergency “stat” cesarean
delivery should be anticipated. In the setting of uncontrolled
and uncorrected hypovolemia a general anesthetic may be
favored. A neuraxial technique is contraindicated if the
maternal hemorrhage persists to the point of suspected
coagulopathy or DIC. The anesthesiologist should keep in
mind the time required for induction of neuraxial anesthesia;
with persistent fetal bradycardia a general anesthetic may be
indicated [26].

11. Which optimization techniques could be considered
prior to induction of this patient?

If time and the clinical situation permits, optimization of
both the parturient and fetus should be explored. These
optimization techniques should not delay delivery if there
are maternal and/or fetal indications for emergency delivery
[27, 28]. A 30 week fetus with threatened preterm labor can
be optimized with corticosteroid therapy using either
betamethasone 12 mg IM two doses 24 h apart or dexam-
ethasone 6 mg IM four doses 12 h apart. This has been
shown to reduce perinatal mortality, respiratory distress
syndrome, and other morbidities in the infant [29].

Magnesium sulphate (MgSO4) should be considered for
women at ≤31 + 6 weeks with imminent preterm birth. It is
dosed as 4 g IV load over 30 min then 1 g/hr infusion until
birth for a maximum of 24 h. Risks and side effects of
magnesium include muscle atony. An ominous sign is the
loss of deep tendon reflexes. Uterine atony may lead to
further bleeding postpartum. Fetal hypotonia and apnea may
have implications for the neonatal care provider [27, 28].

This pregnant patient is at risk for pulmonary aspiration
of gastric contents and should be given prophylaxis for
aspiration pneumonitis. A combination of antacids (e.g.,
30 mL of oral sodium citrate) plus H2 antagonist (Ranitidine
50 mg IV) have been shown to prevent low gastric pH [30].
All women undergoing elective or emergency Casarean
section should receive antibiotic prophylaxis [31].

12. What are the 4 major classifications of postpartum
hemorrhage? Which is the most common?

A common way to think of the differential for postpartum
hemorrhage (PPH) is the ‘4 T’s.’ Tone—uterine atony or
distended bladder. Uterine atony is the most common cause
of PPH. Tissue—retained tissue from the placenta or blood
clots can cause persistent postpartum bleed and can also
contribute to poor uterine tone. Trauma—lacerations to the
vaginal wall, cervix, or uterine injury may contribute a
significant amount of blood loss until appropriately repaired.
Thrombin—a woman may have an undiagnosed
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coagulopathy presenting for the first time with childbirth, or
it may be an acquired or consumptive coagulopathy [32].
DIC has been associated with placental abruption, placenta
previa, amniotic fluid embolism, pre-eclampsia, HELLP
syndrome, intrauterine fetal demise, intrauterine infection,
and acute fatty liver of pregnancy [33].

13. What are the risk factors for uterine atony?

Uterine atony can be broken down into sub-categories in
order to organize a differential and remember clinical risk
factors. Over-distension of the uterus can be caused by
polyhydramnios, multiple gestation, or macrosomia. Uterine
muscle exhaustion may be secondary to rapid or prolonged
labor, high parity and oxytocin use. Intra-amniotic infection
should be suspected if there is maternal fever or prolonged
rupture of membranes. Uterine abnormality risks include
fibroids, placenta previa, bladder distension, or other
anomaly. Finally, uterine-relaxing medications can lead to
uterine atony including halogenated anesthetics and nitro-
glycerin [32].

14. Name four pharmacologic interventions and four
mechanical interventions that can be used to treat
uterine atony

Ongoing blood loss with decreased uterine tone requires
administration of uterotonics. The following are recom-
mended medications for the management of PPH due to
atony:

Oxytocin 10 units IM or 10–40 units in 1 L of crystalloid
run in continuously. Rapid undiluted IV boluses should be
avoided because they can cause hypotension.

Methylergonovine (Methergine) 0.2 mg IM every 2–4 h
can be used but avoided if the patient is hypertensive.

15-methyl PGF-2α (Carboprost or Hemabate) 0.25 mg
IM every 15–90 min, 8 doses maximum. This should be
avoided in asthmatic patients and is relatively contraindi-
cated in hepatic, renal, and cardiac disease. Common side
effects include diarrhea, fever, and tachycardia.

Dinoprostone (Prostaglandin E2) is a vaginal or rectal
suppository of 20 mg every 2 h. It should be avoided if the
patient is hypotensive. Fever is a common side effect.

Misoprostol (Cyotec, PGE1) 800–1000 mcg rectally [34].
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51Nonobstetric Surgery During Pregnancy

Jeffrey Huang

Case Report
A 26-year-old woman, Gravida 2, Para 1, was referred at
23-week gestation with acute abdominal emergency. Her past
medical history was unremarkable. Her last obstetric visit was
two weeks ago during her 20-week routine checkup. She had
no previous history of any intra-abdominal procedure. The
only medications are prenatal multivitamins, folate, and iron
sulfate. Physical examination: vital signs were blood pressure
120/60 mmHg, heart rate 80/min, respiratory rate of 16/min
and temperature of 97 °F. Her lungs, heart, and general
appearance were all within normal limits for her gestation.
Airway assessment showed Mallampati score of 2 with intact
dentition, full range of neck motion and a thyromental dis-
tance of greater than 5 cm.White blood cell count was 18,600;
other laboratory values were normal. Abdominal ultrasound
showed cholelithiasis and gall bladder inflammation.

What is the incidence of surgery during pregnancy?

The incidence of nonobstetric surgery performed during
pregnancy was estimated range from 0.3 to 2.2% [1, 2].
There are significant number of women who receive
nonobstetric surgery during pregnancy. As many as 93,000
pregnant women in the United States may require surgery
each year [3]. However, this numbers are probably under-
estimated because pregnancy is often unrecognized by both
patient and physician during early pregnancy.

What is the incidence of positive pregnancy tests in
women of childbearing age for elective surgery?

The incidence of positive pregnancy tests of menstruating
women presenting for orthopedic surgery was 0.002% [4].
The incidence of previously unrecognized pregnancy in

menstruating women presenting for ambulatory, nonobstet-
ric surgery was 0.3% [5]. A significant number of women
(2.6%) are already pregnant during elective sterilization
procedures [6].

Should pregnancy tests offer to all women of child-
bearing age before surgery?

The UK National Patient Safety Agency documented that
women should be offered a pregnancy test “if there is any
possibility that a woman could be pregnant.” The American
Society of Anesthesiologists Task Force on Preanesthesia
Evaluation recommended that preanesthesia pregnancy test-
ing, “may be considered for all female patients of childbearing
age,” ASA advocates physicians and hospitals to implement
their own policies and practices with regard to this. Many
hospitals routinely carry out pregnancy tests on all women of
childbearing age who are scheduled for elective surgery [4].

What is the common nonobstetric surgical procedure
performed during pregnancy?

The most common first-trimester procedure was laparoscopy
(34%), whereas appendectomy was the most common sur-
gery in the second and third trimesters [1]. The common
indications for nonobstetic surgery include acute abdominal
disease, malignancies, and trauma [1]. The rate of major
postoperative complications (such as infections, reoperation,
wound problems, respiratory complications, venous throm-
boembolism, blood transfusion, maternal death) for nonob-
stetic surgery during pregnancy was about 6% [7].

The pregnant woman undergoes physiological adaptations
to pregnancy. Briefly discuss these physiology changes.

What are the respiratory system changes in
pregnancy?

Maternal alveolar ventilation is increased by 30% or more by
mid-pregnancy and rises progressively to 70% at term [8].
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There is a 20% decrease in functional residual capacity
(FRC) at term as the uterus expands, which result in
decreases oxygen reserve and potential for airway closure.
Oxygen consumption increases significantly due to the
development of placenta, fetus, and uterine muscle.

Because of decreased FRC, increased oxygen consump-
tion, pregnancy women can develop rapid hypoxemia and
acidosis from hypoventilation or apnea. Anesthetic require-
ment for inhalational agents is decreased up to 40% by the
second trimester [9]. Possibility of anesthetic overdose is
increased. Swelling and friability of oropharyngeal tissues
can result in difficult intubation. Failed intubation is a
leading cause of anesthesia-related maternal death.

What are the cardiovascular system changes in
pregnancy?

Early in pregnancy, significant cardiovascular changes are
demonstrated. By 8 weeks’ gestation, a pregnant woman has a
57% of increase in cardiac output, 78% of the increase in
stroke volume, and 90% of decrease in systemic vascular
resistance [10]. Pregnant woman also has a 40–50% increase
in blood volume and a 20% reduction in hematocrit due to
dilution. Anemia begins during the first trimester of pregnancy
and is most significant in the mid-second trimester. Inferior
vena caval occlusion is also significant during second trime-
ster, which can result in decrease cardiac output 30% [3]. Vena
caval compression result in distention of the epidural venous
plexus, therefore increase the possibility of local anesthetic
toxicity during the administration of epidural anesthesia.

What are the gastrointestinal system changes in
pregnancy?

Reduction of gastrointestinal motility and lower esophageal
sphincter pressure, distortion of gastric and pyloric anatomy
during pregnancy increase the risk for aspiration of gastric
content [11]. It is unclear exactly at which point in gestation a
pregnant woman becomes more prone to regurgitation and
aspiration under anesthesia [3]. Any pregnant woman with
acid reflux presentation should be considered at risk for
aspiration.

Describe the altered responsiveness of pregnant
women to anesthesia.

Intravenous induction agents: The dose of thiopental for
anesthesia was 18% less in pregnant women of 7–13 weeks’
gestation compared with the dose needed by nonpregnant
women [12]. Whether the dose of propofol for anesthesia
changed in pregnant women, the data was conflicting.
Muscle relaxants: Duration of action of succinylcholine is
not prolonged in term pregnant women, although plasma
cholinesterase levels decrease by 25% from early pregnancy

until the seventh postpartum day [13]. Duration of nonde-
polarizing muscle relaxants was prolonged in pregnant
women, because of changes of volume of distribution.
Inhalation agents: The minimum alveolar concentration
(MAC) for volatile anesthetic agents was reduced 30–40% in
pregnant women at early gestation as compared to non-
pregnant women [14].
Regional anesthesia: The reduction of the epidural and
subarachnoid spaces in pregnant women lead to more
extensive spread of local anesthetic agents administered
during central neuraxial blockade. Pregnancy increases the
response to peripheral neural blockade. During pregnancy,
nerve fibers have become more sensitive to the effects of
local anesthetics or there is increased diffusion of the local
anesthetic to the membrane receptor site.
Other drugs: The increased blood volume produces physi-
ological hypoalbuminemia during pregnancy. Reduction of
protein binding due to lower albumin and alpha-glycoprotein
concentrations may result in greater chance of drug toxicity.
In addition, because of limited information of pharmacoki-
netic and pharmacodynamics profiles during pregnancy, it is
worthwhile to administer the drugs with caution.

What are the concerns for fetus when surgery is per-
formed during pregnancy?

The potential effects of anesthetic agents as teratogens
should be considered.

What are teratogens?

Teratogenicity is defined as any significant postnatal change
in function or anatomy in an offspring after prenatal treat-
ment [3].

Almost all commonly used anesthetics are teratogenic in
some animal species. Anesthetic agents cause reversible
decreases in cell motility, prolongation of DNA synthesis,
and inhibition of cell division in mammalian cells experi-
ments [3].

However, in order to induce a defect formation, a ter-
atogenic drug must be given in an appropriate dosage, dur-
ing a particular developmental stage of the embryo, in a
species or individual with a particular genetic susceptibility
[3]. Most scientists agreed that any drug can be teratogenic
in an animal if enough is given at the right time. A small
dose of a teratogen may cause structural abnormality or
death in the susceptible early embryo, whereas much larger
doses may demonstrate benign to the fetus [15].

Describe the systemic anesthetic drugs effect on ani-
mal fetus.

When mice were injected pentobarbital or phenobarbital,
many anomalies were detected [16]. Thiamylal can cause
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growth suppressing defects in the offspring of mice [17].
Exposure of the immature brain of rodents to anesthetic
agents such as propofol, thiopental, ketamine are related
with brain cell apoptosis and functional deficiency [18, 19].

Methadone is teratogenic in mice [20]. In hamsters, the
number of abnormal fetus from female injected with single
dose of heroin, phenazocine, methadone enlarged when the
maternal dose increased [21]. Morphine and meperidine
produced an increase in the number of fetal abnormalities
only to a certain dose level. The narcotic antagonists,
nalorphine, naloxone, and levallorphan blocked the terato-
genic effects [21]. Fentanyl, sufentanil, alfentanil were not
teratogenic [22, 23].

Muscle relaxants do not cross the placenta. Muscle relax-
ants are difficult to test in vivo because of their respiratory
effects. D-tubocurarine, pancuronium, atracurium, and
vecuronium have been shown to be teratogenic only when at
dose 30-fold greater than the paralyzing dose in humans [24].

Injection of lidocaine to pregnant rats did not result in an
increased incidence of congenital anomalies or poor out-
come [25]. Cocaine has been shown to be teratogenic in
mice and rats [26].

Describe the systemic anesthetic drugs effects on
human fetus.

Induction agents (barbiturates, ketamine, benzodiazepines)
have not been shown to be teratogenic in human when they
were used in clinical doses during anesthesia [27]. There is
no change in the incidence of structural abnormality among
offspring of pregnant women who use morphine or metha-
done [27].

It had been suggested the association between con-
sumption of tranquilizers during pregnancy and an increased
risk of cleft palate from three retrospective studies [28–30].
A new prospective study in 854 women who used diazepam
during the first trimester did not show a higher risk of cleft
palate [31]. The current consensus is that benzodiazepines
are not teratogenic and a single dose appears safe. Because
of concerns about increased risk of cleft palate, regular use,
particularly in the first trimester, should probably be avoided
[32].

Describe the inhalation anesthetic agents effects on
animal fetus.

Nitrous oxide

Nitrous oxide is a weak teratogen in rodents. Rats con-
tinually exposed to 50–70% nitrous oxide for 2–6 days
(starting on day 8 of gestation) had an increased incidence of
fetal morphological abnormalities [33]. When rats exposed
to 70% nitrous oxide or to a similar concentration of xenon
for 24 h on day 9 of gestation, fetal resorption, skeletal

anomalies, and macroscopic lesions occurred only in the
nitrous oxide group [34]. Nitrous oxide resulted in growth
retardation and an increased incidence of morphological
abnormalities and altered body laterality in rats [35].

The possible mechanism of nitrous oxide teratogenicity is
that nitrous oxide inhibits methionine synthetase. Nitrous
oxide can affect DNA synthesis. Transmethylation from
methyltetrahydrofolate to homocysteine to produce tetrahy-
drofolate (THF) and methionine is catalyzed by methionine
synthase. Therefore, methionine synthase inhibition by
nitrous oxide could decrease THF and reduce methionine
level. Reduction of THF resulted in decrease in DNA syn-
thesis. However, this description has been questioned. Foli-
nic acid bypasses the effect of methionine synthase inhibition
on THF synthesis. Administration of folnic acid partially (not
completely) reduced the teratogenic effects of nitrous oxide
in the rat [36]. Use of isoflurane or halothane with nitrous
oxide prevents almost all of teratogenic effects but does not
prevent inhibitory effects of nitrous oxide on methionine
synthase activity [37]. Therefore, the etiology of nitrous
oxide teratogenicity in rats remained to be determined.

Volatile agents

Halothane: In Mice, 3 h of halothane exposure evidently
increased the incidence of cleft palates and paw defects [38].
In hamsters, 3 h of halothane exposure in midgestation
increased the number of abortions [39].
Isoflurane: In mice, isoflurane exposure increased the inci-
dence of cleft palate [40].
Sevoflurane or desflurane: Teratogenic effects of sevoflurane
and desflurane have been studied. No evidence has sug-
gested reproductive toxicity in clinical dose.

Describe the inhalation anesthetic agents effects on
human fetus.

Human studies are more challenging to conduct. Prospective
clinical studies are impractical, unethical. Human studies
methods included retrospective epidemiologic surveys of
adverse reproductive outcomes in groups chronically
exposed to low levels of anesthetic gases or in women who
have undergone surgery during their pregnancy.

What is the current data regarding the effects of trace
concentrations of anesthetic gases on pregnancy?

These epidemiologic surveys had imperfections because of
lack of comparable control groups, lack of details on dura-
tion and amounts of actual exposure, exposure to multiple
environmental factors. These studies were limited by the
small sample sizes, lack of a control group, and low response
rate. These studies indicated that the incidence of miscar-
riage among the exposed women is approximately 25–30%
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greater than nonexposed women. However this difference is
almost insignificant because incidence of spontaneous
abortions is increased 250% in pregnant women who take
more than three alcoholic drinks daily [41], and 80% in
pregnant women who are smokers [42]. A 10-year
prospective survey of all female physicians in United
Kingdom showed no difference in reproductive outcomes
when anesthesiologists were compared with others working
female physicians [43]. These epidemiologic studies do not
support an increased risk for congenital anomalies with
long-term exposure to low levels of anesthetic gases.

What about pregnant women who undergo a surgical
procedure under anesthesia?

Studies were conducted in women who had surgery during
pregnancy. Review medical records of 9073 obstetric
patients showed there were 147 patients who had surgery
during pregnancy. These 147 patients were compared to
8926 patients who delivered at the same time. The incidence
of congenital anomalies was not significantly different
between two groups [44]. Among the patients who had
surgery during pregnancy, the incidence of preterm delivery
followed surgery was 8.8%, and the incidences of perinatal
mortality and low-birth-weight infants were increased [44].
Canada data showed that there was no significant difference
in the incidence of congenital anomalies in 2565 women
who had undergone surgery during pregnancy. There was an
increased risk of spontaneous abortion in women undergoing
surgery with general anesthesia in the first or second tri-
mester [45]. Analysis of three Swedish health care registries
data showed 5405 operations in the population of 720,000
pregnant women [1]. 2252 were performed in the first tri-
mester, 65% received general anesthesia. The incidence of
congenital malformations and stillbirths were not increased
in the offspring of women having surgery. However, the
incidences of very low and low-birth-weight infants were
increased. No specific types of anesthesia were associated
with increased incidence.

Anesthesia during pregnancy does not result in an overall
increase congenital abnormality, but may increase risk of
miscarriage.

During surgery, surgeon requested to perform intraop-
erative cholangiography. State the adverse effects of
radiation on fetus.

Ionizing radiation is a human teratogen that can result in an
increased, dose-related risk for the miscarriage, fetal growth
restriction, congenital malformation, mental retardation, and
increased risk for childhoodmalignant disease, and fetal death
[46]. Radiation is measured as grays (Gy) or milligrays
(mGy) and is calculated as cumulative dose throughout the

entire pregnancy. Most researchers agree that a dose of below
about 50 mGy in humans and animals represents no detect-
able noncancer risk to the embryo or fetus at any stage of
gestation [47]. Direct radiographic examination of abdomen,
pelvic, and abdominal imaging studies that include fluoro-
scopy may cause more significant fetal radiation exposure
[48]. Animal study showed that radiation at level of 300–1000
mGy was associated with failure of implantation, abortion,
growth retardation and central nervous system (CNS) effects
[48]. A practical threshold for congenital effects in the human
embryo or fetus is most likely between 0.10–0.20 Gy (10–
20 rads) [47]. According to the Center of Disease Control and
Prevention (CDC), cancer risk from prenatal radiation expo-
sure is similar to, or slightly higher than, cancer risk from
exposure in childhood [47].

However, if radiographic studies are necessary for the
mother’s condition, no other acceptable imaging study is
available, testing should not be denied. Radiologists should
follow the ALARA principle (as low as reasonable achiev-
able) [3]. The providers should use the minimum radiation
dose, fetal shielding, radiation dose monitoring [48].

Describe the potential adverse effects of ultrasonog-
raphy on fetus.

Diagnostic ultrasonography during pregnancy has no
embryotoxic effects. Prenatal ultrasound in rats showed no
consistent evidence of neurobehavioral effects at low expo-
sure ultrasound intensities (up to 20 W/cm2 ) [49]. However,
higher intensities (>30 W/cm2) can cause postnatal neu-
robehavioral effects [50]. Ultrasound can increase the fetal
temperature. Hyperthermia is a recognized teratogen in
mammalian laboratory animals and is a suspected teratogen
for humans. Human epidemiology does not indicate that
diagnostic ultrasound presents a measurable risk to the
developing embryo or fetus [51]. Because higher exposures
of ultrasound can elevate the temperature of the embryo, the
use of diagnostic procedures should take into consideration
the hyperthermic potential of higher exposures of ultrasound
[51]. To prevent hyperthermia, exposure time and acoustic
output should be set to the lowest level possible.

Describe Behavioral teratology

Behavioral teratology was described as the adverse effects of
a drug on the behavior or functional adaptation of the off-
spring to its environment [52]. In animal studies, brief
intrauterine exposure to halothane resulted in postnatal
learning deficit, CNS degeneration and decrease brain
weight in rats [53]. Maternal administration of systemic
drugs, including barbiturates, meperidine, resulted in
behavioral changes in rat offspring [54, 55]. Maternal
administration of lidocaine showed no effect on behavioral
changes or clinical dysfunction in rat offspring [25].
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The researchers administered to 7-day-old infant rats a
combination of drugs commonly used in pediatric anesthesia
(midazolam, nitrous oxide, and isoflurane) in doses sufficient
to maintain a surgical level of anesthesia for 6 h, and have
demonstrated that this causes widespread apoptotic neu-
rodegeneration in the developing brain, deficits in hip-
pocampal synaptic function, and persistent memory/learning
impairments [56]. However, there is no evidence to prove
that anesthesia administered to a pregnant woman has
adverse effects on later intelligence, neuromuscular physi-
ology, learning ability, and behavior of her infant [57].

Describe teratogenicity of Hypoxia and hypercarbia.

Animal studies demonstrated that congenital abnormalities
have been described after exposure to hypoxia during
organogenesis [58]. In humans, brief experience of hypoxia
and hypercarbia has not proven to be teratogenic [59, 60].
Common causes of maternal hypoxia in pregnant women
during surgery include laryngospasm, airway obstruction,
esophagus intubation, inadequate ventilation, low inspired
oxygen in anesthetic gas mixture, severe toxic reactions,
high spinal or epidural blocks with maternal hypoventilation.

How do anesthesia providers maintain fetal
well-being during surgery?

Intrauterine asphyxia can cause serious damage to fetus. It is
important to maintain normal maternal arterial oxygen ten-
sion, oxygen-carrying capacity, oxygen affinity, and utero-
placental perfusion in pregnant women during surgery [3].

Maternal oxygen tension commonly elevated during
anesthesia. Is there any concern about maternal
hyperoxia?

It is a concern that elevated maternal oxygen tensions could
decrease uteroplacental blood flow and fetal oxygenation.
Multiple studies demonstrated that enhancing maternal PaO2

will increase fetal PaO2 [61, 62]. No studies show maternal
hyperoxia caused fetal hypoxia [61, 62]. Fetal PaO2 never
surpasses 60 mmHg, even maternal PaO2 increases to
600 mmHg [3]. High oxygen consumption of the placenta and
uneven distribution of maternal and fetal blood flow in the
placenta cause this large maternal-fetal oxygen tension gra-
dient [3]. Maternal hyperoxia cannot result in utero retrolental
fibroplasia or premature closure of the ductus arteriosus.

How does maternal carbon dioxide affect the fetus?

Fetal PaCO2 is directly related to maternal PaCO2. Maternal
hypocapnia can increase mean intrathoracic pressure,
decrease venous return to the heart, and reduce uteroplacental

prefusion [63]. Maternal alkalosis decreases umbilical blood
flow, shifts the maternal oxyhemoglobin dissociation curve to
the left, increase the affinity of maternal hemoglobin for
oxygen, reduce oxygen release to fetus at the placenta [64].

Maternal hypercapnia can cause fetal acidosis. Mild fetal
hypercapnia has little consequence, severe hypercapnia can
result in fetal myocardial depression and hypotension.

How does maternal hypotension affect the fetus?

Maternal hypotension can cause reduction of uterine blood
flow and lead to fetal asphyxia. The most common causes of
maternal hypotension include deep general anesthesia,
sympathectomy (high levels of spinal or epidural blockade),
hypovolemia, and vena caval compression [3].

Which vasopressor is used to treat maternal
hypotension: ephedrine or phenylephrine?

In the past, ephedrine is preferred to phenylephrine for the
treatment of hypotension during the administration of neu-
raxial anesthesia in obstetric patients. New conclusions are
achieved from a meta-analysis of randomized controlled
trials comparing ephedrine with phenylephrine for the
treatment of hypotension during spinal anesthesia for
cesarean delivery [65]. There was no difference between
ephedrine and phenylephrine for the prevention and treat-
ment of maternal hypotension. Women given phenylephrine
had neonates with higher umbilical arterial blood pH than
those given ephedrine. There was no difference between the
two vasopressors in the incidence of true fetal acidosis [65].
Further studies supported that ephedrine increased fetal
concentrations of lactate, glucose, and catecholamine [66].
Ephedrine increased metabolic rate, caused fetal acidosis.
Therefore the use of phenylephrine to treat maternal
hypotension may be preferable to ephedrine.

What kinds of surgical procedure can cause preterm
labor?

Several studies of nonobstetric surgery during pregnancy
showed a higher incidence of abortion and preterm labor
during the postoperative period [1, 67–69]. Ovarian cystec-
tomy in the first trimester has a high incidence of abortion.
Neurosurgical, orthopedic, thoracic, or plastic surgery pro-
cedures were not associated with preterm labor [3]. After
reviewing 778 pregnant women who had surgery between
24 and 36 weeks, 22% of the patients delivered in the week
after surgery [69]. In the women whose pregnancy lasted
beyond a week after surgery, there was no further enlarge in
the incidence of preterm labor [69]. The lowest risk of
preterm labor is during the second trimester procedures and
operations that do not involve uterine manipulation.
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Can anesthesia increase the incidence of preterm
labor?

It is unknown whether anesthetic agents or techniques are
associated with the risk of preterm labor. However, the
volatile inhalation agents can depress myometrial irritability
and are theoretically advantageous for abdominal procedure.

What tocolytic agents can be given to prevent pre-
term labor?

Magnesium sulfate is the most common medication applied
in pregnancy as a tocolytic, fetal neuroprotective agent.
Magnesium sulfate has been demonstrated to reduce the
incidence and severity of cerebral palsy after very preterm
birth. However, it can interfere anesthesia such as an
increase in onset of neuromuscular blockade, reduction of
general anesthetic requirements [70].

A new class of tocolytic agents (atosiban) was developed,
which selectively blunts the calcium influx in the myome-
trium and inhibit myometrial contractility [71]. But it is
unknown whether this new drug can reduce the risk of
preterm labor after surgery during pregnancy.

When is the good time to perform nonobstetric
surgery?

Elective surgery should not be scheduled during pregnancy.
Surgery should be avoided during the first trimester, especially
during the period of organogenesis. Urgent surgery is indicated
for acute abdominal disease, some malignancies, and neuro-
surgical and cardiac problems [3]. The management of acute
surgery should imitate that for nonpregnant patients [72].

What is the incidence of acute abdominal disease
during pregnancy?

The incidence of acute abdominal disease during pregnancy
is 1/500–1/635 [73]. Causes of acute abdomen in pregnancy
include ectopic pregnancy, peduncular torsion of an ovarian
cyst or tumor, torsion of a fallopian tube, ovarian bleeding,
and pelvic inflammation. Other causes of acute abdomen in
pregnancy include acute appendicitis, ileus, cholecystitis,
pancreatitis, bowel obstruction, vascular accidents, and
peptic ulcer.

Why is acute abdomen more difficult to diagnose in
pregnant women than in nonpregnant women?

The diagnostic work up of an acute abdomen may be more
difficult in pregnant than in nonpregnant women. Symptoms
of both normal pregnancy and acute abdominal disease are
similar. The expanding uterus makes a physical examination
difficult. The white blood cell count is high during normal
pregnancy. Sometimes, the correct diagnosis is concluded
only at surgery.

What advantages do laparoscopic surgery offer over
open laparotomy in pregnancy patients?

Initially, laparoscopic surgery in pregnancy was felt to be
more dangerous. The reasons include uterine or fetal trauma,
fetal acidosis from carbon dioxide, decreasedmaternal cardiac
output and uteroplacental perfusion from intra-abdominal
pressure. Now more surgeons understand that the benefits of
laparoscopic surgery during pregnancy outweigh the risks.
These benefits include: shorter length of hospital stay, less
postoperative pain, reduction of risk for thromboembolic and
wound complications, faster functional recovery, less uterine
irritability, and less fetal depression [74].

Human studies showed that there were no differences in the
maternal pH, PaCO2, or arterial to end-tidal CO2 pressure
gradients before, during, and after termination of pneu-
moperitoneum during laparoscopy [75]. There were no dif-
ferences in maternal and fetal outcomes when compared open
and laparoscopic surgery [76]. Therefore the fetal effects from
the CO2 pneumoperitoneum and intra-abdominal pressure
during laparoscopic surgery are limited.

The society of American Gastrointestinal Endoscopic
Surgeons published “Guidelines for Diagnosis, treatment,
and the Use of Laparoscopy for Surgical Problems during
Pregnancy” [77]. The indications for laparoscopic surgery
during pregnancy do not differ from nonpregnant patients
[77]. The procedures may be performed during any trimester
of pregnancy [77].

Describe anesthetic management of nononstetric
surgery during pregnancy.

Preoperative care
During the preoperative evaluation, the anesthesia pro-

viders should make their best effort to ease maternal anxiety.
A focused history and physical examination may be asso-
ciated with reduced maternal, fetal, and neonatal complica-
tions [78]. Pregnant women are at increased risk for acid
aspiration after 18–20 weeks’ gestation. Fasting, in these
patients should follow the ASA guideline and local hospital
policy. Preoperative medications to prevent aspiration
include dopamine receptors antagonist, metoclopramide; H2

receptor antagonists, cimetidine, ranitidine, famotidine; and
a clear nonparticulate antacid, sodium citrate.

Intraoperative care

No evidence proved that there is an association between
improved fetal outcome and any specific anesthetic tech-
nique [3]. However, local or regional anesthesia maybe
better selection, because it allows the use of drugs with no
evidence of teratogenicity from animal studies or human
studies. There regional anesthetic techniques are applied for
cervical cerclage and urologic or extremity surgeries. Most
abdominal procedures require general anesthesia.
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Endotracheal intubations is necessary during general
anesthesia for pregnant women after 18–20 weeks’ gestation
or those with full stomach. Rapid sequence induction with
cricoid pressure has been utilized for induction of general
anesthesia. Systemic drugs include thiopental, propofol,
morphine, fentanyl, succinylcholine, and nondepolarizing
muscle relaxants.

Anesthesia is maintained with high concentration of
oxygen, muscle relaxants, opioid, and inhalation agents.
Research data did not support the omission of nitrous oxide
during pregnancy, particularly after the sixth week of ges-
tation [79]. End-tidal CO2 should be maintained in the
normal range for pregnancy.

The Trendelenburg position can further reduce FRC and
worsen maternal hypoxemia. Pneumoperitoneum, aortocaval
compression, or reverse Trendelenburg position can cause
hypotension. Therefore a vasopressor may be needed to
maintain maternal blood pressure during surgery [80].

During the second and third trimester, the pregnant
women should be transferred on her side, and the uterus
should be displaced leftward when she is positioned on the
operating table to prevent aortocaval compression [3].

Fetal monitoring during surgery

Continuous fetal heart rate monitoring can provide
information of abnormalities in maternal ventilation or
uterine perfusion. Continuous fetal heat rate monitoring is
feasible at 18–20 weeks’ gestation [81]. The American
College of Obstetricians and Gynecologists (ACOG) has
stated that “the decision to use fetal monitoring should be
individualized and, if used, should be based on gestational
age, type of surgery, and facilities available” [82]. According
to a survey, only 43% routinely used intraoperative FHR
monitoring [83]. The significant advantage of intraoperative
FHR monitoring is that it allows anesthesia providers and
surgeons to optimize the maternal condition if the fetus
shows signs of compromise [3].

Postoperative care

TheFHRand uterine activity should bemonitored inPACU.
Adequate analgesia is important as pain will cause increased
circulating catecholamines which may damage uteroplacental
perfusion. Postoperative pain should bemanagedwith systemic
opioids, epidural or subarachnoid opioids acetaminophen,
neural blockade. Prophylaxis against venous thrombosis is
necessary. This should include early mobilization, maintaining
adequate hydration, mechanical thromboprophylaxis with
well-fitted compression stockings and consideration of phar-
macological prophylaxis.
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CASE
A 28-year-old G1P0 female at 35 weeks gestation is brought
to the OR for emergent C-section following a non-reassuring
fetal heart tracing of late decelerations. She presented 12 h
prior with spontaneous rupture of membranes and had pre-
viously had an uneventful labor. General anesthesia with a
rapid sequence intubation is achieved and the infant is
delivered shortly thereafter. No neonatology team is present
at the time of delivery.

Maternal Medications: Prenatal Vitamins

Allergies: NKA

Maternal Past Medical History: Gestational Diabetes

Please Note

1. Which infants require newborn resuscitation?

When asked to evaluate a newborn for possible resusci-
tative measures, three questions should be asked

(1) Is this a term gestation?
(2) Is the newborn crying or breathing?
(3) Is there good muscle tone? [1]

If the answer is yes to these three questions, the child
should remain with the mother for skin-to-skin care to
facilitate bonding, covered with a dry clean cloth for
warmth.

If the answer is “no” to any of these questions, the child
should immediately be evaluated for resuscitative measures,
which could include: initial stabilization (provide warmth,
clear airway, dry, stimulate), ventilation, chest compres-
sions, or administration of epinephrine or volume expanders.

10% of newborns will need resuscitation to transition to
extrauterine life with 1% requiring involved resuscitative
measures. Worldwide, birth asphyxia accounts for approxi-
mately 23% of the 4 million neonatal deaths [2].

2. How does neonatal circulatory system differ from
adult circulation?

Fetal intrauterine oxygen delivery is dependent upon
maternal oxygenation and placental transfer to fetal red
blood cells. Following transfer of oxygen to the Hgb F-rich
fetal red blood cells, the oxygenated blood returns to the
fetus via the umbilical vein (PaO2 = 30 mmHg). 75–80% of
blood from the umbilical vein bypasses the fetal liver via the
ductus venosus. Blood then enters the right atrium, where
two-third of the blood flows through the foramen ovale into
the left atrium. From the left atrium, blood passes into the
left ventricle out the aorta where it perfuses the brain and
upper extremities.

Pulmonary vascular resistance is high in utero and only
one-third of blood flow from the ductus venosus exits the
right ventricle. Only a small portion of this flow will reach
the lungs as the majority of blood flows through the Patent
Ductus Arteriosis (PDA) to the descending aorta, mixing
with blood from the left ventricle. Most of the circulation to
the lower body is supplied by the PDA, whereas the brain
and upper extremities are perfused by blood leaving the left
ventricle. Blood then enters the two umbilical arteries
(PaO2 = 20) and flows to the placenta. At birth, the lungs
begin to expand and the increase in PaO2 begins the process
by which the ductus arteriosis and the foramen ovale close.
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3. What are “normal” umbilical artery and umbilical
vein blood gases?

In the fetal system, umbilical venous blood returning
from the placenta is more highly oxygenated than the arterial
blood.

(1) Normal umbilical venous blood gas: pH: 7.35, PO2: 30
(25-25), PCO2: 40, and base excess: −3.3.

(2) Normal umbilical artery blood gas: pH of 7.26, PO2: 20
PCO2: 55, base excess: −3.4 [3].

A scalp pH < 7.2 indicates fetal distress and warrants
immediate delivery. Severe cord blood acidemia (pH <
7.00) is suggestive of intra-partum asphyxia and may
warrant postnatal interventions to limit neurologic sequelae
including hypothermic cooling.

4. What are the initial steps of neonatal resuscitation?

After determining that an infant requires resuscitation
(see question 1), three initial resuscitative steps should be
performed, in the first 30 s of life. They include

(1) Provide warmth—the infant should be placed under a
radiant warmer, uncovered by blankets to allow gross
inspection of the infant.

(2) Position the infant—the neck should be slightly
extended to facilitate unrestricted air entry. Both
hyperextension and flexion may compromise the
neonatal airway. The airway and nose (mouth first,
nose second) may be cleared with a bulb suction if
excessive secretions are impairing breathing, but rou-
tine use of bulb suctioning is no longer recommended.

(3) Dry, stimulate, reposition—using pre-warmed blankets,
dry the infant to prevent evaporative heat loss. Discard
wet linens. Reposition the head to ensure adequate
breathing. Additional brief stimulation may be pro-
vided to help the infant transition. Approved stimula-
tion includes: slapping or flicking soles of the feet,
gently rubbing the back, trunk, or extremities.

5. How does the presence of meconium affect your
resuscitative efforts?

Additional airway resuscitative measures may be required
in the event of meconium depending on the newborn’s level
of activity. In all instances the infant should be brought to
the warmer and the airway should be positioned as outlined
in the initial resuscitative steps (see question 3). An infant
born with meconium that exhibits vigorous behavior (strong
respiratory effort, good muscle tone, and HR > 100), need

no further airway manipulation than that outlined in the
initial steps. Continue with drying, stimulation, and posi-
tioning as per routine resuscitation.

Should the infant emerge with depressed respirations,
decreased tone, and/or HR < 100, an attempt should be
made to suction the mouth and trachea. A laryngoscope
should be inserted to facilitate intubation with an endotra-
cheal tube (ETT). The ETT should be connected to a
Meconium Aspirator connected to wall suction. The trachea
should be suctioned for several seconds then slowly with-
drawn. This step may be repeated for copious meconium but
it must not delay other resuscitative efforts should the
infant’s HR remain depressed (<100) at 30 s. Of note, pre-
vious iterations of the NRP guidelines recommended airway
intervention based on the quality of the meconium (thick vs.
thin). This distinction no longer affects decision-making and
airway intervention depends on solely neonatal qualities
(vigorous vs. non-vigorous) [4].

6. After the initial resuscitative efforts, the infant’s heart
rate is 45 beats per minute. What resuscitative effort
should be employed?

Following the three Initial Resuscitative Steps, the infant
should be evaluated for respirations and HR. The initial
Resuscitative Steps should take no longer than 30 s, and at
this point the infant should demonstrate good chest move-
ment and have a HR > 100. If the HR < 100, the infant is
gasping or apneic despite stimulation you should proceed to
Positive Pressure Ventilation (PPV). Assisting ventilation
with effective PPV is the most critical intervention in
resuscitating the compromised newborn.

PPV can be achieved with several devices including a
self-inflating bag, flow-inflating bag, and T-piece Resusci-
tator. Most commonly a flow-inflating Jackson-Rees (mod-
ified Mapelson type F) bag is utilized. Initial inspiratory
pressures should be 20 cm H20. Rising HR is the best
indicator of adequate ventilation. Breaths should be deliv-
ered at a rate of 40–60 breaths/minute.

7. After 30 s of PPV the infant’s HR remains below 60.
What are the next resuscitative steps?

If the HR remains below 100 bpm after 30 s of PPV,
corrective ventilatory steps should be taken. These corrective
steps include

(1) Mask adjustment—maintain a good airway seal
(2) Reposition the airway—place head in a sniffing posi-

tion, avoiding hyperextension and flexion
(3) Suction the nose and mouth—ensure secretions are not

obstructing ventilation efforts
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(4) Open the mouth—utilize a jaw thrust maneuver with
the fourth and fifth digits to slightly open the mouth.

(5) Increase PPV pressure—increase PPV with each breath
until bilateral breath sounds or chest rise is observed

(6) Consider alternative airway—discuss ETT or laryngeal
mask airway placement with team members.

If there is clinical concern for cyanosis or if you desire
continuous HR monitoring, consider use of pulse oximeter
to aid clinical decision-making. There are no definitive
recommendations for if and when to use of pulse oximetry in
NRP, though clinical practice typically dictates use expedi-
tiously in the event of persistent bradycardia or concerns for
cyanosis. Place the pulse oximeter probe on the right arm
(pre-ductal saturation), typically over the hypothenar emi-
nence. The use of oximetry must not delay other resuscita-
tive actions including ventilation, compression, or
medication administration.

8. What fractional inspired oxygen concentration (FiO2)
should be routinely used for resuscitation of the
newborn?

Supplemental oxygen is no longer routinely used in the
early stages of resuscitation for term newborns [5]. An
air-oxygen “blender” should be routinely used, and the FiO2

should be set to 21% at the beginning of resuscitative efforts.
Increases in FiO2 should be guided by pulse oximetry, tar-
geting expected peripheral capillary oxygen saturations
(SpO2) values for age of the infant.

When resuscitating preterm infants, balancing the need to
treat early hypoxemia with risks for oxygen toxicity is more
complicated. Resuscitation should begin with a pulse
oximeter and air-oxygen blender. In clinical practice, most
practitioners utilize an FiO2 of 40% to start resuscitation in
neonates born before 32 weeks despite increased risk for
oxygen toxicity in preterm infants.

9. At 2 min of life the child’s SpO2 is 68% despite
effective PPV with an FiO2 of 21%. What should the
FiO2 be adjusted to?

No changes to the FiO2 should be made. FiO2 should be
adjusted to target expected SpO2 values for newborn infant.
As the infant transitions from neonatal circulation to
breathing room air, the SpO2 will gradually increase. At
1 min of life, the expected SpO2 is 60–65%. This increases
5% for every minute of life thereafter until 5 min when the
expected SpO2 is 80–85%. At 10 min the expected SpO2 is
85–95%. Thus, at 2 min of life the expected SpO2 is
65–70%.

10. A newborn is quickly identified to require resusci-
tative measures, and receives 60 s effective PPV while
a second team member applies a pulse oximeter. At
90 s of life, the pulse oximeter shows a heart rate
(HR) of 40, confirmed by a third team member who
palpates the umbilical cord for a pulse. What steps
should be taken next?

When an infant demonstrates a HR < 60 after 1 min of
effective PPV, rescuers should perform chest compressions.
Significant acidosis and low oxygen stores begin to com-
promise neonatal cardiac output in a short period of time.
Chest compressions are necessary to maintain cardiac output
and vessel rich organ perfusion.

11. How should chest compressions be delivered to the
neonate?

Unlike adult chest compressions, neonatal chest com-
pressions should be delivered with a second provider pro-
viding PPV at a ratio of 3 chest compressions to 1 breath
(3:1).

Two techniques are approved for chest compressions:

(1) The “thumb-technique” involves encircling the chest
and torso with both hands so that the fingers support the
spine. Both thumbs are then used to compress the
sternum.

(2) Alternatively, a “2-finger-technique” may be employed
whereby the middle and index finger compress the
sternum while the other hand is placed underneath in the
infant to support the back.

The “thumb-technique” is the preferred method for
delivering chest compressions as it is believed to better
control the depth of compression. Goal chest compression
depth is one-third of the anterior-posterior distance. Com-
pressions should be delivered to the lower third of the
sternum in plane with a line drawn between the infant’s
nipples.

Chest compressions should be delivered with PPV at a
rate of 120 events per minute. At a ratio of 3:1, in one
minute, 90 compressions should be delivered with 30
breaths. Note that the 30 breaths per minute rate of PPV is
less than the 40–60 breaths/minute performed when no chest
compressions are being administered.

12. When can you stop chest compressions?

Once the HR increases above 60, rescuers can stop chest
compressions and continue PPV. PPV should be delivered at
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a rate of 40–60 breaths/minute until the child begins to
breathe spontaneously and HR rises above 100.

13. What steps should be taken if the HR remains below
60 after 30 s of chest compressions with effective
PPV?

After 30 s of chest compressions with adequate PPV,
pharmacologic measures should be employed to increase the
HR in an infant with a HR less than 60. Approved medi-
cations for use in neonatal resuscitation according to the
2010 American Heart Association®/American Academy of
Pediatrics® Neonatal Resuscitation guidelines include epi-
nephrine and volume expansion with crystalloid or blood
products in the event of hypoperfusion from severe blood
loss. Epinephrine can be delivered via intravenous or
endotracheal administration. IV access is the most effective
and predictable means of delivery, though often endotra-
cheal access is faster than IV access in the newborn. Epi-
nephrine used in neonatal resuscitation should be the
1:10,000 concentration.

IV dosing: 0.1–0.3 mL/kg of 1:10,000 epinephrine (0.01–
0.03 mg/kg) [6].

ETT dosing (to be given only while IV access is being
obtained): 0.5–1 mL/kg of 1:10,000 epinephrine (0.05–
0.1 mg/kg) [7].

14. How should IV access be obtained in the neonate?

The umbilical vein provides the fastest and most reliable
IV access in the neonate. If resuscitation is anticipated prior
to delivery, a dedicated team member can prepare for
umbilical vein access and begin the process immediately
after the initially resuscitative steps. Umbilical vein access
should be undertaken in a sterile manner, though complete
sterility during emergent placement remains challenging.
The umbilical stump is cleaned and a sterile cord is placed
around the umbilical stalk to minimize blood loss. The cord
is then transected with a scalpel and a 3.5 or 5F catheter
(previously flushed with normal saline) is inserted into the
single umbilical vein.

15. How far should an umbilical catheter be inserted
during neonatal resuscitation?

The catheter should be inserted 2–4 cm until blood is
easily aspirated. In premature infants the distance may be
less. Note that this placement is not truly central IV access.
For central insertion the catheter is advanced further, though
the catheter may alternatively be inserted into the liver.
Infusion of medications directly into the liver may cause

hepatic injury, and therefore, the catheter should only be
inserted a short distance during emergent neonatal
resuscitation.

Should the infant require further umbilical access in the
NICU following the initial resuscitation, the umbilical
catheter should be replaced in a sterile fashion, as there is
high risk for contamination of sterility during emergent
placement. The new catheter can then be advanced centrally
and confirmed by X-ray.

16. What conditions are associated with neonatal
hypovolemia?

If the neonatal HR remains <60 after administration of
epinephrine, one must consider acute blood loss and hem-
orrhage in the neonate. Conditions associated with acute
blood loss include placenta previa, placenta abruption, vasa
previa, twin pregnancies with twin-twin transfusion syn-
drome, hydrops fetalis, and umbilical cord blood loss. Signs
of hypovolemia include bradycardia, delayed capillary fill,
pale appearance, and weak pulses.

17. What are acceptable volume expansion fluids in the
newborn?

Acceptable crystalloid solutions for the newborn include
isotonic 0.9% NaCl (normal saline) and Ringer’s Lactate
solutions. Alternatively, packed red blood cells (PRBC’s)
may be considered in the event of known or suspected severe
fetal anemia [8]. During initial resuscitation there is rarely
time for blood typing or cross matching of unit specific
blood products and instead non-crossmatched O− emergency
release blood must be used. Judicious use of volume
expanders is recommended as even small volumes of intra-
venous fluids may precipitate heart failure in the transition-
ing neonatal circulation. Additionally, rapid administration
of volume may result in intracranial hemorrhage, with pre-
term infants being the most susceptible [9]. The recom-
mended initial volume expansion dose should be 10 mL/kg
of either isotonic crystalloid fluids or pRBC’s. This may be
repeated if the clinical picture continues to demonstrate
hypovolemia with cardiovascular compromise.

18. When should the neonate be intubated?

Unlike PPV or chest compressions, where defined rec-
ommendations for initiating therapy exist, the timing of
intubation of the neonate is based on the clinical scenario.
Some infants require intubation immediately, such as the
depressed, meconium-stained infant or the severely preterm
infant that has expected ventilatory needs.
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Some indications for intubation include

(1) The depressed, meconium-stained infant.
(2) Failed PPV—PPV is indicated, yet the newborn is not

demonstrating clinical improvement or there is no chest
rise.

(3) Provide airway for mechanical ventilatory support—
PPV is predicted to be necessary for more than several
minutes.

(4) If chest compressions are necessary—intubation should
be performed to help coordinate the 3:1 compression to
ventilation ratio, as well as to ensure the breaths pro-
vided are maximally effective.

(5) The preterm infant—if the newborn is suspected to
require ventilator support or surfactant administration.

(6) Severe neonatal blood loss—where significant resus-
citative efforts are predicted

(7) Individual circumstances or congenital anomalies
where PPV is not desirable—example: congenital
diaphragmatic hernia, omphalocele, gastroschisis.

(8) Overcome critical airway obstruction—Congenital
anomalies such as Pierre Robin sequence, or
macroglossia with trisomy 21.

During resuscitation, intubation can be considered at any
step during the NRP algorithm, including with initiation of
PPV at 30 s, corrective ventilator steps at 60 s, or with
initiation of chest compressions at 90 s for persistent
bradycardia. In all instances, intubation should occur expe-
ditiously so as not to delay other therapies. It should also not
be undertaken until all necessary equipment and staff are
available, as intubation is not urgent provided PPV can
adequately ventilate the newborn. If intubation attempts take
longer than 30 s, stop and ventilate the patient to prevent
hypoxia and bradycardia.

19. How is the neonatal airway different from the adult
airway?

Compared to the adult, the neonatal larynx and tracheal
are funnel shaped with anterior slanting vocal cords. The
narrowest part of the pediatric airway is subglottic as com-
pared to the glottic opening in the adult. Additionally the
glottis is at the level of the C3–C4 vertebra in term neonates
and even higher at C3 in preterm infants as compared to C5
in the adults. Neonates have a comparatively larger tongue
and occiput, which makes the head more prone to move
from side to side during intubation attempts. The larger
occiput additionally increases flexion, which combined with
the more anterior airway, may make intubation more chal-
lenging. Many providers employ a rolled baby blanket under
the shoulders to neutralize this flexion [10].

Straight Miller laryngoscope blades size 00, 0, or 1 are
commonly used. Uncuffed, non-tapered, sterile endotracheal
tubes (ETT) should be used. The choice of laryngoscope
blade and ETT size are determined by infant birth weight

(1) Less than 28 weeks (below 1000 g): Miller 00, 2.5 mm
tube size (inside diameter)

(2) Between 28 and 34 weeks (1000–2000 g): Miller 0,
3.0 mm tube size (inside diameter)

(3) Between 34 and 38 weeks (2000–3000 g): Miller 0 or 1,
3.5 mm tube size (inside diameter)

(4) Above 38 weeks (above 3000 g): Miller 1, 3.5–4.0 mm
tube size (inside diameter)

20. How do you confirm ETT placement after
intubation?

Confirmation of tracheal placement should be performed
with a CO2 detector. While watching the tube pass through
the cords, auscultating breath sounds, and confirming chest
rise are all signs of tube placement, true confirmation is best
achieved with CO2 detection. Sounds are easily transmitted
in the neonate and esophageal or stomach ventilation may
deceptively produce breath sounds when auscultating the
chest wall. Either a capnograph with CO2 waveform or
calorimetric CO2 device should be utilized. Note that if a
colorimetric CO2 detection device is used, you must ensure
it has not already changed color in the package. Addition-
ally, the addition of epinephrine though an ETT may falsely
change the colorimetric device if epinephrine contaminates
the sensor.

The ETT should be inserted to the mid carina. Typical
insertion relies on a simple algorithm of the infant’s weight
in kilograms (kg) plus 6 to equal the number of centimeters
from the tip of the tube to the vermillion border of the upper
lip. For example: a 2 kg, 30-week infant should have a 3.0
uncuffed ETT inserted 8 cm (2 + 6) as measured from the
vermillion border. Following resuscitation, tube placement
should be confirmed with a chest X-ray.

21. A term neonate requires PPV at 30 s of life for
apnea, which quickly resolves. At 4 min the child is
noted to have increasing respiratory distress,
decreasing SpO2, and asymmetric breath sounds.
What steps should be taken?

Pneumothorax is a common, and potentially life threat-
ening complication of the newborn. The risk is increased for
those infants that require PPV during initial resuscitation.
A tension pneumothorax may quickly form, impeding lung
expansion and compromising cardiac output as demonstrated
by bradycardia, hypoxia, and respiratory distress. Congenital
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pleural effusions may additionally present with symptoms of
respiratory distress, hypoxia, and asymmetric breath sounds.
While definitive diagnosis is made with a chest X-ray, urgent
intervention may preclude the use of this diagnostic
modality. Transillumination of the chest cavity may assist
providers in making the diagnosis of pneumothorax. This is
done by placing a bright light on the infant’s posterior chest
wall. A pneumothorax will appear brighter than the con-
tralateral expanded lung.

Percutaneous catheter placement is indicated if the new-
born is demonstrating significant respiratory distress or
bradycardia. A 20- or 18-Gauge needle may be inserted into
either:

(1) The fourth intercostal space at the anterior axillary line
or,

(2) The second intercostal space at the mid-clavicular line

As with an adult, the needle should be inserted above the
lower rib to avoid trauma to the intercostal artery.
A three-way stopcock should be affixed to a 20 mL syringe
which connects to the catheter. This allows for air to be
aspirated via the syringe, with subsequent closing of the
stopcock to prevent the re-accumulation of air.

22. What is a congenital diaphragmatic hernia and how
should infants initially be resuscitated?

A congenital diaphragmatic hernia (CDH) is a postero-
lateral defect of the diaphragm that results in failed closure
of the diaphragm in the eighth week of gestation. The sub-
sequent migration of abdominal viscera into the chest cavity
results in mild to severe pulmonary hypoplasia, which may
threaten oxygenation and ventilation of the infant. Present-
ing symptoms include severe respiratory distress and a
scaphoid abdomen, with reduced breath sounds on the
affected lung side (90% left, 5% right, 5% bilateral). PPV in
these infants will result in intestinal dilation, which may
further compromise lung ventilation as the viscera expands
in the chest cavity. As such, these infants should be intu-
bated quickly with the additional rapid placement of an
orogastric tube to decompress the abdominal viscera. Note
that many of these infants have pulmonary hypertension and
associated congenital cardiac anomalies. Pneumothorax can
be particularly deleterious, as any impediment to the sole
functional lung may prevent adequate gas exchange.

23. What considerations must be given to the preterm
neonate?

Both early preterm infants (before 34 weeks) and late
preterm infants (34–36 weeks) are likely to require some

degree of resuscitation. The appropriate resources and per-
sonnel should be available and mobilized. The initial
resuscitation of the preterm infant follows that of the term
newborn as outlined in the preceding questions. In addition,
the ambient room temperature should be increased (25–26 °
C) and a radiant warmer should be preheated. Infants born
significantly preterm (before 29 weeks gestation) are placed
in a food or medical-grade polyethylene bag to prevent heat
and evaporative losses. An oxygen blender with a FiO2 of
40% and pulse oximeter should be routinely utilized for
infants born before 32 weeks. Consider intubation and the
administration of surfactant via the ETT for neonates born
before 30 weeks as they are the most likely to develop
Respiratory Distress Syndrome (RDS). Be mindful that in
addition to hypothermia, preterm infants are at risk for
hypoglycemia, infection, retinopathy of prematurity, and
intracranial hemorrhage secondary to a germinal matrix
hemorrhage. Immediate transport to a NICU in a
pre-warmed transport incubator after the initial resuscitation
is necessary to prevent adverse sequelae from these common
conditions.

24. A term infant is born via a c-section for a
non-reassuring fetal heart tracing. He is brought to
the warmer and is dried and stimulated. At one
minute of life the infant is grimacing but quiet,
retracting while breathing, HR is 110 bpm, with
flexed extremities and blue hands and feet. What is
the child’s APGAR score?

The APGAR score is typically assigned at 1, 5, and
10 min of life. The purpose is to identify those newborns
that require additional resuscitative efforts. It is not intended
to determine long-term neurologic sequelae. The score is
assigned using the mnemonic APGAR: Appearance (skin
color), Pulse (heart rate), Grimace (reflex irritability),
Activity (muscle tone), and Respiration. A total of two
points may be assigned for each criteria for a maximum
score of 10. Scores 7–10 are normal, 4–6 low, and 0–3
regarded as critically low.

In the vignette above, the child has an APGAR score of 6
(1 respiratory effort, 2 for HR >100, 1 for flexed extremities,
1 for peripheral cyanosis and 1 for facial grimace). Infants
with APGAR scores less than 7 at 1 min typically require
additional resuscitation. In this case, PPV should be con-
sidered with a FiO2 of 21% for the ongoing retractions.

The concept of a newborn resuscitation grading criteria
was developed in 1952 by Anesthesiologist Dr. Virginia
Apgar [11] (see Table 52.1) Arguably the most famous
American anesthesiologist of the twentieth century, she
contributed to the fields of anesthesiology, neonatology, and
obstetrics. She was one of the first to recognize the
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importance of preterm birth and championed neonatal health
though the March of Dimes Foundation.

25. What post-resuscitative care should be provided for
newborns?

While every child should be returned to the mother as
quickly as possible to facilitate bonding, infants who require
resuscitative measures are prone to deterioration and may
well require additional resuscitative care. Additionally,
resuscitative efforts themselves may cause complications
such as pneumothorax secondary to PPV. As such, new-
borns should be transported to a location where close
monitoring can be provided with staff ready to assist in the
event of clinical change. Every attempt to include the parents
for bonding should be given provided it does not interfere
with a provider’s ability to care for the infant.
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Table 52.1 APGAR score Score 0 1 2

Heart rate None <100 bpm >100 bpm

Respiratory effort Apnea Irregular, slow Crying, good effort

Muscle tone Limp Flexed extremities Actively moving

Irritability No response Facial grimace Cough, cry

Color Blue or pale Peripheral cyanosis All pink
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53Gastroschisis and Omphalocele

Laura Downey

CASE:
A 34-week, 4 h-old neonate born via emergent C-section for
non-reassuring fetal heart rate is diagnosed with gas-
troschisis. The patient was intubated in the delivery room for
respiratory distress and a peripheral IV was placed. The baby
is emergently brought to the operating room with a large
abdominal wall defect and dusky bowel with concern for
bowel ischemia and possible obstruction.

Medications: None
Allergies: NKA
PMH: Maternal history significant for 18-year-old

G1P1 with premature ruptured membranes,
smoking, no prenatal care. Received two
doses of betamethasone prior to delivery

Physical
Exam:

Weight 2.6 kg HR 190 RR 40 BP: 45/20
(28) SpO2: 94% on 21% FiO2

Head: Normocephalic, Fontanelle depressed
Respiratory: 3.0 uncuffed ETT, FiO2 21%, RR 40
CV: No murmur, Weak distal pulses
Abdominal: Large abdominal defect, bowel covered with

plastic silo
Access: 24 g PIV in the left hand

Medical Disease and Differential Diagnosis

(1) What is the difference between gastroschisis and
omphalocele?
Gastroschisis is the herniation of bowel contents through
an anterior abdominal wall defect usually to the right of
the umbilical ring. The umbilical cord is normal. In most
cases, only the small and large intestines are involved.
Since there is no covering membrane, the bowel is

exposed to the intrauterine environment and may
develop an inflammatory peel. Associated anomalies are
rare, comprising about 2–10% of patients. Only 1–3% of
these anomalies are cardiac defects. However, additional
gastrointestinal problems such as malrotation, atresia,
stenosis are common.
Omphalocele is a midline abdominal wall defect of the
umbilical ring. Abdominal viscera herniate through the
umbilical ring into the umbilical sac. The sac may
include intestines, spleen, liver, or other abdominal
viscera. If the defect is less than 4 cm, it is considered an
umbilical hernia. The umbilical cord is inserted into the
sac.
While both abnormalities are associated with other
congenital malformations, the frequency of other
abnormalities associated with omphalocele is 35–75%
and only 2–10% for gastroschisis. The site of the
umbilical cord may help distinguish between gas-
troschisis and omphalocele. In omphalocele, the cord
insertion site is into an umbilical sac, whereas in gas-
troschisis, the cord insertion site is paraumbilical into an
otherwise intact abdominal wall. Prematurity is more
common in gastroschisis (60%) than omphalocele (33%)
[1, 2]. See Table 53.1.

(2) What other anomalies are associated with omphalocele?
While gastroschisis is less likely to be associated with
other syndromes or anomalies, 35–75% of neonates with
omphalocele will have associated anomalies, usually
related to midline defects including neural tube defects,
cardiac defects, genitourinary anomalies, orofacial
clefts, and diaphragmatic defects. Up to 50% of these
patients may have congenital cardiac disease, including
VSD, Tetralogy of Fallot, and extropia corpis. Chro-
mosomal abnormalities are common, including trisomy
13, 18, and 21, as well as Turner Syndrome and rare
chromosomal deletions. In addition to chromosomal
abnormalities, several syndromes are associated with
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omphalocele: CHARGE syndrome, Pentalogy of Can-
trell (omphalocele, diaphragmatic hernia, sternal abnor-
malities, ectopic cordis), amniotic band sequence, OEIS
syndrome (omphalocele, exstrophy of the bladder,
imperforate anus, spinal defects), Carpenter syndrome,
Beckwich Wiedemann syndrome (macroglossia, giant-
ism, hypoglycemia, omphalocele) [1, 2].

(3) What maternal risk factors are associated with gas-
troschisis?
The two most important risk factors for gastroschisis are
young maternal age and smoking. Other potential risk
factors include use of recreational drugs, low socioeco-
nomic status, poor nutritional status, young age at the
time of first pregnancy and previous terminations [1, 3].

(4) Describe the associated risk factors in neonates born
with gastroschisis?
Neonates born with gastroschisis are usually premature
and small for gestational age (SGA).
Risk factors associated with prematurity are associated
with immature organ systems—including the respira-
tory, cardiovascular, and renal systems. Consequences
include respiratory distress syndrome (RDS), retinopa-
thy of prematurity (ROP), electrolyte abnormalities and
sepsis.
• Respiratory Distress Syndrome: Type II pneumo-

cytes are responsible for surfactant production, but
surfactant synthesis for appropriate pulmonary
function is not adequate until 34–36 weeks GA.
Maternal preterm betemethasone therapy 48 h prior
to delivery has been shown to improve lung matu-
ration in premature infants.

• Retinopathy of Prematurity: ROP is a progressive
vascular overgrowth of the retinal vessels that lead to
intraocular hemorrhage associated with hyperoxia.
Therefore, FiO2 should be minimized to reach a
target saturation of 90–95% depending on the clini-
cal or procedural circumstances.

Risk factors associated with SGA include hypo-
glycemia, electrolyte abnormalities, polycythemia,
hyperbilirubinemia, and temperature instability [1, 4,
5].

(5) Describe potential GI complications associated with
gastroschisis?
Up to 25% of neonates may have associated gastroin-
testinal atresias, which may require emergent surgery for
bowel obstruction.
Second, when the bowel is exposed to the intrauterine
environment with no protective sac, it is at risk for
injury. An inflammatory peel may develop and cause the
bowel loops to become indistinguishable from each
other. Pathology can include localized atresias to
volvulus with loss of the entire midgut. Intestinal atresia
or volvulus may result in intestinal obstruction, rupture,
and eventually sepsis [1].

Preoperative Evaluation and Preparation

(6) What other studies would you request prior to pro-
ceeding with the procedure?
Important laboratory studies prior to starting the pro-
cedure would include hematocrit, type, and cross for
blood products, blood glucose level and standard
electrolytes as this patient is at risk for large insensible
loses, electrolyte abnormalities, and blood loss during
the procedure.
If time permits, a chest X-ray and an echocardiogram
would be useful in ruling out cardiac defects. However,
due to the unstable nature of the patient, including
dusky bowel, tachycardia and hypotension, there may
not be time for additional studies. Cardiac defects are
rare in gastroschisis patients and physical exam may
help determine the likelihood of other abnormalities.

(7) Are these vital signs normal for a 34-week-old pre-
mature infant?

Table 53.1 The differences
between gastroschisis and
omphalocele

Gastroschisis Omphalocele

Incidence 4.5: 10,000 3: 10,000

Embryology Anterior abdominal wall defect, umbilical
cord intact and to the right of defect. No
membranous sac. Usually small and large
intestines

Midline abdominal wall defect. Abdominal
viscera herniated through the umbilical
ring into a membranous sac. Sac may
include small and large intestines, liver,
spleen, and other viscera

Maternal
risk factors

Young maternal age, cigarette smoking Extremes of maternal age
20< or >40 years

Associated
Anomalies

2–10%
GI problems: malrotation, atresia and
stenosis
1–2% with cardiac defects

35–75%
Chromosomal abnormalities (Trisomy 13,
18, 21); Associated syndromes
Up to 50% with cardiac defects

Prematurity
(%)

60 33
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The respiratory rate and oxygen saturation are normal
for a newborn. However, the heart rate is elevated in
this patient, with an upper limit of normal around 170.
The blood pressure is low, even for a preterm neonate.
Traditionally, the gestational age has been used as the
lower acceptable mean arterial pressure (MAP) for a
preterm infant. Target MAPs for this patient should be
34 mmHg. While the there is large variation in “nor-
mal” blood pressure for neonates, neonatal literature
suggests that all premature infants should have a MAP
>30 mmHg. Additionally, the clinical condition should
be evaluated and this patient is tachycardiac and
hypotensive [4, 6]. See Table 53.2.

(8) What is the differential diagnosis for tachycardia and
hypotension in a neonate with gastroschisis?
The most common causes of hypotension in neonates
are hypovolemia (insensible losses or blood loss during
delivery), hypoglycemia, hypothermia, sepsis, or
oversedation.
The most likely cause of hypotension and tachycardia
in this patient is hypovolemia. On exam the patient has
decreased distal pulses and a sunken fontanelle. Neo-
nates with gastroschisis have fluid losses that are at
least 3–4 times that of a healthy newborn from insen-
sible losses, heat, and fluid losses from the exposed
bowel, and third spacing of fluid from sequestration of
intestinal fluid. Maintenance fluids may be as high as
150–300 ml/kg per day to maintain normovolemia [5].

(9) The leak with a 3.0 uncuffed ETT is at 10 cm H2O.
Would you change the ETT prior to starting the pro-
cedure? Why or why not?
The patient has a large leak with a 3.0 uncuffed ETT
and the tube should be replaced with a larger ETT or a
cuffed ETT. During gastroschisis repair, replacing the
viscera into an underdeveloped abdominal cavity can
restrict diaphragmatic excursion, compress the lungs
and cause high intra-abdominal pressures. As a result, a
cuffed ETT would allow the anesthesiologist to use
higher peak inspiratory pressures to adequately venti-
late the patient. While uncuffed ETTs were preferred
historically, recent literature suggests that intubation
with a low pressure, low profile cuffed ETT is prefer-
able in cases with changing abdominal pressures.

10) What vascular access would you want in this patient
prior to proceeding with the procedure? Would you
place umbilical lines?
This patient will need an arterial line in order to
monitor hemodynamics and serial ABGs. During

gastroschisis repair, large fluid requirements and
returning abdominal contents to an underdeveloped
cavity may cause large shifts in hemodynamics, which
necessitate monitoring of arterial blood pressure. Large
fluid requirements and potential for electrolyte
derangement necessitate the need for serial labs and
glucose levels.
This case may be done without a central venous line if
time is of the essence. However, a patient with dusky
bowel concerning for bowel obstruction and potential
sepsis, in addition to the large fluid shifts associated
with a large gastroschisis defect, may warrant a central
line to monitor central venous pressure, mixed venous
saturation, and deliver inotropes.
While it is possible to place umbilical lines in a patient
with gastroschisis, practically these lines may be in the
surgical field or become kinked or inaccurate during
replacement of abdominal viscera.

(11) What is a normal hemoglobin and hematocrit in a
newborn?
A normal hematocrit for a full term infant is 16–17 g/dL
or 45–47%. A premature infant or SGA infant may have
a normal range of 15–18 g/dL and 45–53% [4].

(12) What is the circulating blood volume of this baby?
The equation for estimating the circulating blood vol-
ume is:

Estimated Total BloodVolume
¼ Weight in kgð Þ � AverageBloodVolume per kg

The average blood volume for a preterm neonate is
95 ml/kg. The circulating blood volume is BV = 2.6 kg
� 95 ml/kg = 247 ml.
See Table 53.3 for Estimated Blood Volume based on
age [7].

(13) What other intraoperative concerns do you have
regarding a small for gestational age neonate?
As mentioned above, neonates born with gastroschisis
are usually premature and small for gestational age
(SGA). Risk factors associated with SGA include
hypoglycemia, electrolyte abnormalities, polycythemia,
hyperbilirubinemia, and temperature instability [1, 4, 5].
• Hypoglycemia: SGA infants are prone to hypo-

glycemia and therefore should have a glucose con-
taining solution and have frequent glucose checks to
avoid hypoglycemia.

Table 53.2 Neonatal vital signs Heart rate Blood pressure Respiratory rate

Premature 120–170 55–70/35–45 40–70

Infant 100–150 65–75/40–45 35–55
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• Impaired renal function: Premature or SGA infants
do not have normal renal function and cannot con-
centrate sodium. As a result, they have large sodium
and water losses during the perioperative period and
require careful monitoring of electrolyte abnormal-
ities perioperatively. Attention should be paid to
medication dosage and dosing interval as these
infants have decreased GFR and may have impaired
drug clearance.

• Temperature instability: Neonates are extremely
susceptible to rapid heat loss through evaporation,
convection, conduction, and radiation. Factors that
contribute to this rapid heat loss are the high ratio of
surface area to body, reduced subcutaneous fat, and
decreased mechanisms to conserve heat, including
an underdeveloped shivering mechanism. Methods
for reducing heat loss include:
– Warming the operating room
– Using a radiant warmer
– Covering the infant with warm blankets
– Using humidified breathing circuits
– Warming IV and irrigation fluids

Intraoperative Management

(14) What are your anesthetic concerns for gastroschisis
closure?
Management for gastroschisis repair includes meticu-
lous attention to volume replacement, covering the
mucosal surfaces with sterile, saline-soaked dressings
to minimize evaporative and heat losses, and a rapid
sequence induction if there is a need for intubation.
As abdominal closure is attempted, it is important to
monitor for (1) decreased perfusion to abdominal
organs, (2) decreased ventilation/oxygenation, and
(3) decreased venous return. Impaired organ function/
damage may lead to decreased drug metabolism, lactic
acidosis, and renal congestion. It is important to mon-
itor for UOP, lactic acidosis, and ventilator changes as
well as electrolyte abnormalities that may develop as
the abdomen is closed. In patients who have a large
defect, the replacement of abdominal contents may lead
to mechanical obstruction of the IVC and subsequent
decreased venous return, lower body edema, and lactic

acidosis. In these cases, the reduction of abdominal
contents may be done in a staged procedure to allow for
the body to adapt.

(15) The first ABG on 21% FiO2 is pH 7.18 PaCO2 43 PaO2

80 Base Deficit -8 Lactate 4. What is the appropriate
initial treatment?
This ABG demonstrates a metabolic acidosis, likely
from a lactic acidosis. There are several potential
sources for the metabolic acidosis in this patient:
hypovolemia, bowel ischemia or sepsis.
The patient likely needs large volume resuscitation in
the setting of a large amount of bowel exposed to the
environment and large insensible loses. Patients with
gastroschisis may have 3–4 times the daily fluid
requirements as other neonates, requiring up to
300 ml/kg/day. Crystalloid or colloid can be used
depending on the patient’s hematocrit and other elec-
trolytes. Those patients with ischemic bowel and pos-
sible sepsis also have large fluid requirements and may
require inotropic support if fluid resuscitation is not
enough to maintain systemic perfusion.

(16) Describe appropriate fluid management for this patient.
Newborns are at risk for hypoglycemia and will require
a glucose-containing solution for maintenance. Main-
tenance fluid for 2.6 kg baby would be 4 ml/kg/hr or
2.6 � 4 ml/kg/hr = 10.4 ml/hr.
Maintenance fluid:
• For 10 kg or less: 4 ml/kg/hr
• For 10–20 kg: For the first 10 kg = 4 ml/kg/h; then

2 ml/kg/hr for each additional kilogram over 10 kg
• For >20 kg: For the first 10 kg = 4 ml/kg/h; then

2 ml/kg/hr for each additional kg, then 1 ml/kg/hr
for each additional kilogram over 20 kg
As discussed above, this patient will likely require
3–4 times normal daily fluid requirements—up to
300 ml/kg/day. Therefore, it is important to monitor
for signs of hypovolemia, including hypotension,
tachycardia, UOP, central venous pressure (CVP),
arterial waveforms, and evidence of metabolic aci-
dosis or electrolyte abnormalities on serial ABGs.
An increase in blood pressure or decrease in HR
with a 10–20 ml/kg bolus, suggests a fluid deficit.
Intraoperative fluid losses in this patient may
be from blood loss, capillary leak, anesthetic

Table 53.3 Estimated blood
volume based on age

Estimated blood volume (ml/kg)

Premature newborns 95

Full term newborns 85

Infants 80

Adult Women 75

Adult Woman 65
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vasodilation, and evaporative losses from viscera
and mechanical ventilation.
Isotonic crystalloid or colloid may be used as fluid
replacement, but the type of fluid lost should dictate
the decision. Blood loss is replaced at a 1:1 ratio
with colloid (5% albumin or blood) or 3:1 with
isotonic crystalloid. While there is some debate
about absolute minimum hematocrit levels, most
studies agree that a critically ill premature neonate
should have a hematocrit of � 30% or higher if
clinical evidence suggests the need for improved
systemic oxygen delivery [4, 5, 7].

(17) After volume resuscitation with 30 ml/kg lactated
ringers, UOP increases to 1 ml/kg, the patient’s vital
signs stabilize at HR 160 and BP 55/34. The surgeon
begins the procedure and you notice that the baby’s
temperature is 34.5 °C. What is the mechanism for the
rapid cooling in a neonate?
There are likely several major causes for hypothermia
in this patient: (1) radiant heat loss to the cold operating
room; (2) conductive heat loss from large volume
resuscitation and irrigation with cold fluids; (3) in-
creased heat loss through environmental exposure due
to large surface area-to-body ratio, exposed viscera, and
decreased subcutaneous fat; (4) anesthetic-induced
inhibition of thermoregulatory mechanisms.
Several factors make neonates and infants more sus-
ceptible to hypothermia: immature thermoregulatory
mechanisms, limited glycogen and brown fat stores,
and physiologic factors that accelerate heat loss. Under
anesthesia, vasodilation and blunting of the primary
mechanisms to maintain normothermia (vasocontric-
tion, increased metabolic rate and non-shivering ther-
mogenesis) increase environmental heat loss in the
operating room [4, 8].

(18) What risks are associated with hypothermia?
During periods of cold stress, metabolic rates may rise
by two to threefold, leading to further heat loss and
other physiologic consequences that may increase
morbidity and mortality during prolonged hypothermia.
Perioperative hypothermia in neonates and infants have
several adverse effects: (1) increased metabolic rate,
oxygen consumption and exhaustion of brown fat and
glycogen stores; (2) increased bleeding risk due to
inhibition of normal coagulation pathways; (3) in-
creased wound infections; (4) diminished metabolism
of anesthetic agents leading to prolonged opioid effects
and neuromuscular blockade [9–11].

(19) The surgeon has identified the obstruction and is
planning to resect the dead bowel. During the dissec-
tion, the heart rate increases to 190 and the blood
pressure increases to 65/42. What is your differential
diagnosis and how might you manage the patient?

The differential for tachycardia includes pain and
noxious stimuli, hypovolemia, SIRs response to bowel
ischemia. However, in combination with hypertension,
it is most likely that the patient has light anesthesia.
Therefore, the anesthetic should be deepened. Intra-
venous fentanyl is a hemodynamically stable opioid
that is metabolized by neonates and can be used if the
patient is on an ICU ventilator with no ability to deliver
volatile anesthetic. Using volatile anesthetics is an
option in these patients. However, the resulting
vasodilation and depression of myocardial function in a
patient that already has large volume requirements,
bowel ischemia, and SIRS may not be the best option.

(20) The surgeon has replaced the abdominal contents and is
closing the fascia, when you notice that the blood
pressure has slowly been drifting down and now is
reading 40/27. You have given an additional 30 ml/kg
of 5% albumin, but the patient has no urine output in
the last hour and the peak inspiratory pressures
(PIP) have increased. What is your differential diag-
nosis for decreased UOP? How will you manage the
patient?
Decreased UOP can be broken down into three eti-
ologies: (1) Pre-renal (2) Renal and (3) Post-renal.
Renal: This patient has no known renal abnormalities
and the cause is unlikely to be renal.
Pre-renal: In a patient that has large insensible loses
and third spacing, pre-renal oliguria is also on the
differential. It is important to review the fluid balance,
CVP if available, arterial waveform and blood gases.
A fluid challenge is also warranted if there is concern
for hypovolemia.
Post-renal: Possibilities include kinked or clotted foley
or a mechanical obstruction, including compression of
the IVC.
For patients undergoing gastroschisis repair, who pre-
sent with low blood pressures, decreased UOP and
increased PIPs, abdominal compartment syndrome
(ACS) is high on the differential. ACS is due to
mechanical obstruction of the IVC from abdominal
contents. This may cause mechanical obstruction of the
ureters, leading to obstruction. These patients may
develop “relative hypovolemia” from mechanical
obstruction that prevents adequate venous return to the
heart. The decreased preload results in decreased car-
diac output and eventually decreased systemic perfu-
sion. Assuming that you have adequately kept up with
the fluid requirements of the patient, the best course of
action is to reopen the abdomen and plan for staged
closure of a large defect.
When attempting closures of large abdominal defects, it
is important that the anesthesiologist be in close com-
munication with the surgeon to prevent problems with
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impaired ventilation/oxygenation, decreased perfusion
to abdominal organs, and decreased preload/cardiac
output.

(21) The decision is made to leave the abdomen open. On
30% FiO2, the blood gas is pH 7.20 CO2 60 PaO2 60
Base Deficit -6 Lactate 6. Interpret the blood gas.
This is a mixed metabolic and respiratory acidosis.
There is a respiratory acidosis since a normal PCO2 is
40 mmHg and the PCO2 is 60 mmHg. Therefore,
ventilation should be increased blow off the carbon
dioxide. The patient continues to have a metabolic
acidosis, likely from increased lactate production.
Lactate is produced during organ ischemia. In this case,
bowel ischemia and decreased perfusion during IVC
obstruction likely resulted in a lactic acidosis. Now that
perfusion has been restored to the abdominal organs,
the metabolic acidosis should resolve. However, if the
metabolic acidosis persists or worsens, the anesthesi-
ologist should consider fluid resuscitation, adding ino-
tropes, or a blood transfusion to increase systemic
oxygen delivery.

(22) What concerns do you have regarding acidosis a neo-
nate?
Metabolic acidosis in neonates may cause increases in
pulmonary vascular resistance (PVR). Elevated PVR in
an infant that is only a few hours old may result in
reversal to fetal circulation. Blood shunts from right to
left and may result in severe hypoxemia that does not
respond to oxygen or other normal ventilation strate-
gies. If not quickly reversed, this may result in persis-
tent pulmonary hypertension of the newborn (PPHN).
In a preterm neonate, an increase in right-to-left
shunting through a large patent ductus arteriosus
(PDA) may lead to systemic hypoperfusion and
hypoxia [4, 12, 13].

(23) What is your plan for postoperative pain management?
In a neonate undergoing a small gastroschisis repair
with minimal fluid resuscitation, it is reasonable to
consider extubation and a neuraxial block, such as a
caudal or epidural for pain control. However, this
patient is a SGA premature patient with large volume
resuscitation and a large abdominal defect that remains
open with a silo. Therefore, this patient should remain

intubated and sedated for the immediate perioperative
period to monitor for worsening acidosis, respiratory
complications, and hypovolemia. Pain may be managed
with IV opioids.
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54Congenital Diaphragmatic Hernia

Bridget L. Muldowney and Elizabeth C. Eastburn

CASE

A 4 day-old male presents for left congenital diaphrag-
matic hernia repair. The defect was diagnosed prenatally on
ultrasound and the pregnancy was otherwise uncomplicated.
The patient was intubated shortly after birth in the delivery
room and transferred to the tertiary care children’s hospital.

Medications: Fentanyl 1 mcg/kg/h

Allergies: NKDA

Birth history: Born via NSVD to a 34 yo G3P2 serology negative
female at 38 2/7 weeks gestation

Physical exam:

Vs: Weight 2.9 kg BP 76/42 HR 135 RR
28 O2 sat 96%

HEENT: Intubated, nasogastric tube in place

CV: Diminished breath sounds on left

Abdomen: Scaphoid concave appearance of the abdomen with
diminished bowel sounds

Access: 24 g PIV, umbilical artery catheter

Ventilator
settings:

SIMV-PCV 16/4 RR 28 measured Vt 15 ml

CXR: Bowel loops present in left chest cavity with slight
right mediastinal shift

1. What is a congenital diaphragmatic hernia (CDH)?

A congenital diaphragmatic hernia is a defect in the
diaphragm that occurs in utero allowing the abdominal
contents to herniate into the thorax. The abdominal contents
in the thorax impinge on the space for pulmonary develop-
ment leading to unilateral irreversible pulmonary hypoplasia.
In severe cases the abdominal contents will cause a medi-
astinal shift resulting in deleterious effects on pulmonary
development bilaterally. Bowel compression of the devel-
oping lung causes arterial remodeling that can lead to per-
sistent pulmonary hypertension, a major cause of morbidity
and mortality in patients with a CDH. CDH lesions occur
more frequently on the left side, and often in a posterior
lateral location through the foramen of Bochdalek. Defects
in an anterior parasternal location through the foramen of
Morgagni and at the esophageal hiatus are less common [1].

2. What is the incidence of congenital diaphragmatic
hernia?

Congenital diaphragmatic hernia occurs in 1 in 2500–
3000 live births [2]. CDH is associated with significant
morbidity and mortality [3]. Survival rates for patients with
CDH vary based on the size and severity of the lesion.
Survival rates range from 60 to 90% and are often higher at
medical centers that do a high volume of cases [4].

3. What is the embryologic origin of the defect?

Formation of the diaphragm occurs between weeks four
to ten of gestation. Four structures form the diaphragm: the
septum transversum, the dorsal esophageal mesentery, the
pleuroperitoneal membrane, and muscular ingrowth from the
body wall [5]. Failure of these structures to properly develop
leads to a diaphragmatic defect that allows the abdominal
contents to herniate into the thorax.
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4. What is the risk of coexisting congenital anomalies?

Approximately 40% of patients with a CDH have coex-
isting congenital anomalies that can occur as part of a known
syndrome or as an isolated finding. Cardiovascular malfor-
mations occur in approximately 10–15% of non-syndromic
cases, while central nervous system anomalies including
neural tube defects and hydrocephalus occur in 5–10% of
non-syndromic cases. Limb anomalies occur in approxi-
mately 10% of non-syndromic cases of CDH [6].

5. Why are CDH defects not corrected on the first day of
life?

Historically a congenital diaphragmatic hernia was con-
sidered an emergency and was repaired shortly after birth.
Newer evidence suggests that medical stabilization and
delayed repair may improve survival [7]. Surgery should be
delayed until the patient is hemodynamically stable, has
adequate oxygenation and ventilation, and pulmonary
hypertension has resolved or been medically optimized.
Typically a neonate with a CDH will be intubated in the
delivery room and initiated on gentle ventilation with per-
missive hypercapnia.

6. What is transitional circulation?

In utero, the pulmonary arteries have high vascular
resistance while there is low systemic vascular resistance.
The majority of oxygenated blood from the placenta enters
the right heart and is shunted across the Eustachian valve
to the left atrium to supply the brain, heart and upper body
with relatively highly oxygenated blood. Immediately after
birth the inflation of the lungs with the first few breaths
causes a drop in the resistance to pulmonary blood. The
majority of blood flow is now circulated through the lungs
which replaces the placenta as the as the organ of gas
exchange. The subsequent increase in left atrial blood flow
from the pulmonary veins increases left atrial pressure and
functionally closes the foramen ovale [8]. With these
anatomic and flow changes the right heart and pulmonary
artery pressures fall. In a healthy neonate the mean pul-
monary artery pressure approaches 50% of mean systemic
pressure by the end of day one of life, and should drop to
the normal adult level by two weeks of age [9]. In the case
of a neonate with a congenital diaphragmatic hernia the
normal fall in pulmonary artery pressure may not occur
and the degree of persistent pulmonary hypertension as a
result of the defect will become apparent in the first few
days of life.

7. What additional diagnostic work-up is necessary for a
patient presenting for CDH repair?

Prior to any major thoracic or abdominal surgery in a
neonate one should obtain a CBC, type and screen, and
possibly coagulation studies. In a patient with a congenital
diaphragmatic hernia an echocardiogram is absolutely
necessary.

8. What might you expect to see on the echocardiogram?

Echocardiography is used to rule out any coexisting
congenital cardiac anomalies. Of even more importance,
though, it is used to confirm the presence and degree of
pulmonary hypertension. This often will be quantified by
actual pressure estimates and measurements, but may only
be suggested by the presence of right to left shunting or the
presence of right heart strain and dysfunction.

9. Why might the ICU team order a head ultrasound?

Head ultrasounds are commonly done on patients with a
CDH to assess for intracranial hemorrhage. Depending on
the center they are preformed frequently, up to every two
days, to monitor for bleeding. Intracranial hemorrhage is a
contraindication to extracorporeal membrane oxygenation
(ECMO) therapy. Therefore this monitoring should continue
until there is confidence the patient will not need ECMO
support.

10. What is the role of extracorporeal membrane oxy-
genation therapy in patients with CDH?

ECMO is often used as a rescue therapy in neonates with
very low estimated lung volumes, those failing escalation of
respiratory and hemodynamic support, and those who
acutely decompensate. Respiratory indications for ECMO in
the neonatal population include a high oxygen index
(OI) (OI = MAP × FiO2 × 100/PaO2), high peek inspira-
tory pressures, and refractory hypercarbia [10]. Cardiac
indications for ECMO in the pediatric population include a
rising or persistently elevated lactate, long term need for
high dose inotropic support, low mixed venous oxygen
saturation, persistent arrhythmias, and severe cardiac dys-
function [11].

11. What are contraindications to EMCO?

Contraindications to ECMO include any situation in
which systemic anticoagulation must be avoided, such as
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intracerebral hemorrhage, irreversible cardiac or respiratory
failure where transplant or ventricular assist device (VAD) is
not possible, gestational age <34 weeks, birth weight <2 kg,
and other significant co-morbid conditions with a poor
prognosis [12].

12. What is the optimal ventilation strategy for a patient
with CDH?

Gentile ventilation with permissive hypercapnia is
important. Improved outcomes are seen in patients with
CDH when they are managed with very specific ventilation
strategies, including low peak inspiratory pressures, ade-
quate positive end expiratory pressure (PEEP), permissive
hypercapnia, and high frequency oscillatory ventilation
(HFOV) if necessary to prevent severe hypercapnia [13].

13. What are options for ventilation in transport to the
OR?

The patient should remain on the ICU ventilator during
transport when feasible. This will avoid delivering inadver-
tently high peak pressures and tidal volumes when the
patient is switched to hand ventilation. The ventilator will
also maintain lung recruitment that will be lost when dis-
connecting the patient from the circuit. If transport on the
ICU ventilator is not possible hand ventilation should be
done with a bag capable of delivering (PEEP) with a pres-
sure valve to monitor the peak airway pressures delivered in
transport.

14. If the patient experiences sudden oxygen desatura-
tion in transport what is the differential diagnosis
and what treatments should be initiated?

The differential diagnosis for oxygen desaturation in any
patient should include lack of oxygen delivery, inadequate
ventilation, and increased oxygen demand. First and fore-
most listen to the patient to ensure adequate breath sounds.
In this case ensure that there is still an adequate source of
oxygen to your ventilator or your inflation bag. Ensure
patency of all connections. Check the endotracheal tube
patency and look for kinks or plugs. Check the endotracheal
tube depth and see if it is too low (mainstem intubation) or
too high (inadvertent extubation).

In a patient with a congenital diaphragmatic hernia one
must be suspicious of a pneumothorax on the side con-
tralateral to the defect. If unilateral breath sounds are noted
adjust endotracheal tube placement to ensure it is not in the
right mainstem bronchus. In the case of suspected pneu-
mothorax, a stat chest radiograph should be obtained to

confirm the diagnosis. Should the patient continue to dete-
riorate, empiric treatment with needle decompression and
chest tube placement is necessary.

15. What intraoperative monitoring is necessary for this
case?

Standard ASA monitoring includes monitoring of the
patient’s oxygenation, ventilation, circulation, and tempera-
ture. In addition to standard monitoring an additional pulse
oximeter to measure both pre-ductal and post-ductal oxygen
saturation is warranted. A gradient that develops between the
pre and post-ductal oxygen saturations may be the first
indication of an exacerbation of pulmonary hypertension.
Invasive arterial pressure monitoring is warranted as well. If
the patient presents with an umbilical artery catheter it will
need to be replaced at a site not interfering with the operative
field. Finally, although continual CVP measurement is
unlikely to guide management central access may be war-
ranted to provide a safe route for inotropic support.

16. What equipment modifications do you want to ensure
adequate ventilation during the case?

A circuit with the smallest volume and lowest compliance
will allow the most accurate inspiratory pressure and tidal
volume measurement. Many choose to have inhaled nitric
oxide set up and ready to use in the event that the patient
suffers a pulmonary hypertensive crisis during the procedure.

17. What are the advantages and disadvantages of using
an ICU ventilator for the case?

Most anesthesia machines in use at major children’s
hospitals have the same technology, ventilation modes, and
capabilities as the ventilators used in the ICU. The ICU may
have circuits with lower compliance and a sampling port
more proximal to the patient to more accurately measure end
tidal CO2. In many cases these circuits can be connected to
the OR anesthesia machine.

The main disadvantage of using an ICU ventilator for the
case is the inability to deliver potent inhaled anesthetics
through the vaporizer of the anesthesia machine. This limits
options for maintenance of anesthesia. Also most anesthe-
siologists are not familiar with the settings and functions of
the ICU ventilator. Lack of familiarity with the ventilator is
another major disadvantage of using the ICU ventilator. If
the decision is made to use the ICU ventilator it is imperative
to have a respiratory therapist or additional provider imme-
diately available who is comfortable making adjustments
and troubleshooting the ICU ventilator.
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18. What is a reasonable plan for maintenance of anes-
thesia for the case?

Anesthesia is typically maintained with a balanced tech-
nique using potent inhalational agents, narcotics, and muscle
relaxants. If the repair is done on ECMO anesthesia is often
maintained with a narcotic relaxant technique. It is important
to remember that the ECMO circuit increases the volume of
distribution of drugs while the synthetic material of the
circuit may absorb lipophilic medications such as midazolam
and fentanyl, making their dosing unpredictable [14].

19. What is the typical surgical approach to a CDH
repair and how does that influence the anesthetic
plan?

Small defects can be treated with a primary repair in
which the native diaphragm is sewn together. Some surgeons
are attempting these smaller repairs via a minimally invasive
thoracoscopic approach. Larger defects may require a syn-
thetic patch to repair. The majority of large defects are
repaired through an open subcostal abdominal approach.
Lung isolation may be requested for a thoracoscopic
approach.

20. What are the options for lung isolation and one-lung
ventilation in the neonatal and infant population?

As the use of minimally invasive thoracoscopic proce-
dures increases in the infant population there will be a
greater number of requests for lung isolation. One-lung
ventilation in the neonate and infant population is chal-
lenging. When right lung isolation is necessary the easiest
method is often right mainstem intubation. If left lung iso-
lation is needed it can be very challenging to mainstem an
endotracheal tube in the left main bronchus even with
fiberoptic bronchoscopy guidance. Fluoroscopic-assisted
endobronchial intubation has been reported as a successful
technique to achieve lung isolation [15]. Extraluminal use of
the 5F endobronchial blocker has also been reported to
achieve successful lung isolation in the infant population
[16]. Such techniques are challenging and best preformed by
experienced pediatric anesthesia providers. Intraoperative
use of high frequency oscillatory ventilation (HFOV) has
been reported in the surgical literature to provide good
intraoperative exposure while facilitating excellent oxy-
genation and carbon dioxide elimination during thoraco-
scopic procedures in neonates [17].

21. The procedure is underway via an open abdominal
approach and the monitor shows a growing differ-
ence between the pre-ductal and post-ductal oxygen
saturations. What could be going on?

An exacerbation of pulmonary hypertension must be high
on the differential diagnosis. Pulmonary hypertension can be
exacerbated by the 5 H’s: hypoxia, hypercarbia, H+ (aci-
dosis), hypothermia, and hurts (pain). The status of all these
factors should be evaluated and treated if necessary. The
most likely cause in this case is small changes in ventilation
worsening hypercarbia coupled with sympathetic stimulation
in the form of pain.

22. How do you treat an intraoperative pulmonary
hypertensive episode?

In this case ensure the patient and the room are as warm
as possible. Modify ventilation strategies to treat any
hypoxia or hypercarbia. Look for other causes of acidosis
and treat if necessary. Finally increase the depth of anes-
thesia and administer additional narcotic to treat pain that
might be a factor in the exacerbation.

If the above measures are not sufficient in treating pul-
monary hypertension selective pulmonary vasodilators can
be used including nitric oxide. Nitric oxide causes vasodi-
lation in the pulmonary vascular bed without causing sys-
temic vasodilation. Inhaled nitric oxide should only be used
in cases of refractory pulmonary hypertension as it is very
expensive and has not been shown to reduce the need for
EMCO support nor improve mortality [18]. Initiation of
phosphodiesterase inhibitors can also benefit children with
pulmonary hypertension [19].

23. What is the plan for emergence and extubation?

Even after repair of a CDH patients are still at high risk of
cardiac and respiratory decompensation after surgery.
Extubation should only be considered in a stable patient who
underwent a small repair. In the majority of cases the patient
will remain intubated and transfer back to the ICU for
continued medical management and stabilization.

24. What are options for postoperative analgesia?

As the majority of patients with CDH remain intubated a
narcotic infusion such as fentanyl or morphine is often used. In
the rare case of a small lesion where early extubation is planned
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one can consider placing an epidural catheter to facilitate pain
control and early extubation. It is imperative to check coagula-
tion studies before preforming regional anesthesia in neonates.

25. What are the approaches to place an epidural in a
neonate?

Historically epidural analgesia was preformed through a
caudal approach because it minimizes the risk of both spinal
cord and dural puncture. Landmarks that surround the sacral
hiatus include the 4th sacral spinous process cephalad, the
sacral cornua lateral, and the coccyx caudad. In the case of
epidural catheter placement an 18 gauge angiocatheter or a
Tuohy needle is inserted in the sacral hiatus and passes
through the sacrococcygeal ligament. Entry into the epidural
space is felt via loss of resistance. An epidural catheter is
then threaded cephalad to the desired location. It is important
to verify the epidural tip location, often with fluoroscopic
confirmation, when using a caudal approach to placement.
One study found the catheter tip location to be inadequate in
32% of catheters threaded from a caudal location [20].
Caudal catheters are also at risk of bacterial contamination.
Tunneling the caudal catheter will reduce the risk of bacte-
rial colonization and may reduce the risk of infectious
complications [21]. Many providers will remove a caudal
catheter after an infant passes the first postoperative bowel
movement for fear of fecal contamination at the entry site.
With the risks just mentioned many experienced pediatric
anesthesiologists may prefer to place the epidural directly at
the desired site of action: a thoracic or lumbar approach.
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55Pyloric Stenosis

Hyun Kee Chung

Introduction

Pyloromyotomy for PS is a common surgical procedure
performed routinely at pediatric hospitals. It is the most
common condition requiring surgery in the first few months
of life [1]. Because of modern medical, surgical and anes-
thetic care, these patients do extremely well, with little
morbidity and mortality [2]. A typical hospital course can
consist of admission and diagnosis on hospital day one,
medical treatment and stabilization overnight, surgery on
hospital day two, and hospital discharged the next day.
Pyloromyotomy is one of the most satisfying and rewarding
cases for pediatric caregivers not only because the treatment
is quickly successful, but also the patient swiftly recovers
and is returned to a normal diet and activity within days [3].
The pediatric anesthesiologist plays a vital role in ensuring
that these neonates safely undergo surgery with their peri-
operative risks minimized. This chapter will review the
medical and surgical management of PS, and examine cur-
rent anesthetic management techniques. Areas of contro-
versy regarding induction and intubating methods and the
use of regional anesthesia will also be discussed.

Incidence

PS is a relatively common condition. Rates of approximately
2–4 per 1000 live births in western countries have been
reported [4–6]. The incidence is correlated with geographic
location, season, and ethnic origin [7]. There is some evi-
dence that in recent years the incidence in boys has increased
in some parts of the United Kingdom [8–10]. The incidence
has been reported to be four times lower in Southeast Asian

and Chinese populations [4, 5, 7]. In fact, PS is considered
relatively rare in patients of African, Chinese, and Indian
extraction [11, 12].

Inheritance

Gender and genetics influence the incidence of PS. Males are
affected four times more often than females [13]. Firstborn
males are most commonly affected. Siblings of patients with
PS are 15 times more likely to suffer the condition than those
without a family history [14]. There is a higher incidence in
the offspring of affected parents. Children of affected men
are only affected 3 and 5% of the time, whereas children of
affected women are affected between 7 and 20% of the time
[15].

Pathogenesis

Though the etiology of PS is not fully understood, recent
progress has been made in characterizing the condition. It is
proposed that PS is inherited via a multifactorial threshold
model. This model assumes that the ability to develop PS is
affected by the additive effects of numerous genetic and
environmental factors [16]. Although no specific gene has
been linked to the pathogenesis of PS, genetic syndromes
such as Smith–Lemli–Opitz, Cornelia de Lange, and other
chromosomal abnormalities have been associated with it
[17].

Recent studies suggest that, in pyloric stenosis, the
smooth muscle cells of the pylorus are improperly inner-
vated. Non-adrenergic, non-cholinergic nerves that mediate
smooth-muscle relaxation are likely absent causing exces-
sive contraction and hypertrophy of the pyloric muscle. The
increased expression of certain growth factors and their
receptors in the hypertrophied pyloric muscle suggests that
the increased local synthesis of these factors play an
important role in smooth-muscle hypertrophy. The circular
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smooth muscle cells are actively synthesizing collagen, and
this may be responsible for the characteristic “firm” nature of
the pyloric tumor. Particular attention has been paid to the
role of gastrin in the pathogenesis of PS. It has been sug-
gested that repeated hyperacid stimulation of the duodenum
induced by gastrin evokes repeated pyloric sphincter con-
tractions causing hypertrophy of the pylorus [2].

Clinical Presentation and Evaluation

Feeding intolerance and gastroesophageal reflux are condi-
tions considered in the early differential diagnosis of PS.
When typical treatments for these conditions fail, and the
patient’s feeding intolerance worsens, PS should be con-
sidered. The typical PS patient is a full term, previously
healthy infant 2–4 weeks old. The cardinal sign is a history
of nonbloody, nonbilious emesis, often described as pro-
jectile in nature. 8% of patient may present with a temporary
jaundice, but this reverses once feeding is resumed [11, 18].
The clinical presentation of patients with PS may vary
widely, from a toxic infant who is severely dehydrated and
malnourished, to a relatively healthy appearing infant. In
recent years, due to earlier diagnosis, fewer patients present
with severe symptoms [19]. A typical patient may be
non-vigorous, mildly dehydrated, and have had a small
amount of weight loss. Volume status is evaluated by
assessing the fontanels, mucous membranes, skin turgor, and
the absence of tears. Obtaining a history about the amount of
wet diapers produced in a day (at least 5–6) is important in
assessing the degree of dehydration. On the abdominal
physical exam, one may palpate the classic “olive” between
the midline and right upper quadrant, Gastric peristalsis may
be observed. Blood chemistries are obtained when estab-
lishing intravenous (IV) access. Abnormally low chloride
and high bicarbonate is characteristic of patients with PS.
Arterial blood gas analysis is also obtained in the severely
dehydrated patient to further assess the acid-base status. The
finding of acidosis on arterial blood gas analysis is a sign of
severe dehydration and organ hypoperfusion. The diagnosis
of PS can be made with history and physical exam alone
90% of the time. However, in contemporary practice,
patients almost always undergo radiolographic studies to
confirm the diagnosis.

Radiolographic Studies

Ultrasound is the diagnostic modality of choice for evalu-
ating suspected PS. A pyloric muscle thickness greater than
3 mm and a pyloric channel length of greater than 15 mm is
considered diagnostic for PS [20, 21]. When ultrasound is
inconclusive or unavailable, the upper gastrointestinal study

is a reliable alternative. Poor gastric emptying in the pres-
ence of the classic string sign caused by the hypertrophied
pyloric muscle is diagnostic for PS. If a contrast upper GI
study has been performed, this must be taken into account
during induction of general anesthesia.

Preoperative Medical Treatment

Careful preoperative management is likely the major factor
in reducing the mortality related to PS to less than 0.5% [11,
19, 22–24]. PS is a medical emergency first. It is mandatory
that the patient’s volume status, acid-base balance, and
electrolyte abnormalities are corrected prior to anesthesia
and surgery to minimize the potential for intraoperative and
postoperative complications. The hypochloremic, hypoka-
lemic, metabolic alkalosis is a chloride-responsive alkalosis.
The goals are to replenish the extracellular fluid volume, and
to replace Na+ and Cl− to enable the kidney to excrete
HCO3

− and correct the alkalosis. The fluid deficit should
initially be replaced with boluses of isotonic fluids. Main-
tenance fluids should be started using D5 0.45% NS or D5
0.2% NS. Once urine output is established, potassium is
added to the maintenance fluid [25]. Once the fluid deficit is
corrected, maintenance fluids of D5 0.45% NS or D5 0.2%
NS with potassium may be given at a rate of 4 ml/kg/hr [26].
The plasma chloride concentration is used as a guide in the
assessment and correction of the acid-base status of the
patient. When the hypochloremia has been corrected, the
correction of the alkalemia usually follows [27]. In infants, a
chloride concentration of 95–105 mEq/L is considered nor-
mal [28]. Repeat laboratory studies prior to surgery must
document the correction of the patient’s metabolic status.

Pyloromyotomy

Fredet in 1908 was the first to suggest a full-thickness
incision of the pylorus followed by a transverse closure.
Ramstedt modified the technique and later described the
sutureless, extramucosal longitudinal splitting of the pyloric
muscle, which left the mucosa intact [29]. This technique is
the guiding principal of the current surgical approaches for
PS today [3]. There are three methods of operative treatment
for PS: open (right upper quadrant incision), transumbilical,
and laparoscopic. The laparoscopic technique is rapidly
being acknowledged as the standard of care [30]. Advan-
tages of the laparoscopic approach include a lower incidence
of wound infection, shorter length of hospital stay, and
decreased time to feeding. The complication rate for
laparoscopic pyloromyotomy is similar to that of open pro-
cedures [31]. Surgical pyloromyotomy is considered the
treatment of choice for PS [11].
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Conservative Treatment

Atropine has been historically used as a non-surgical treatment
for PS. The antispasmodic properties of atropine act to reduce
pyloric muscle spasm. This modality has largely been aban-
doned over the past 40 years due to the excellent results with
surgery. Recently, atropine’s effectiveness as a nonsurgical
alternative in the treatment of PS has been revisited. Studies of
atropine treatment in PS have demonstrated success rates of
75–87% [32–34]. There may be a role for atropine treatment
for PS but this must be further investigated [32]. Until then,
surgical treatment remains the gold standard treatment.

Anesthesia

General Considerations

The relevant anesthetic issues for pyloromyotomy surgery
for an infant are

1. General considerations of neonatal anesthesia including
differences in physiology and pharmacology of infants.

2. Ensuring the restoration of intravascular volume
preoperatively.

3. Correction of electrolyte abnormalities preoperatively.
4. Airway management of an infant while minimizing the

risk of pulmonary aspiration in a patient with a full
stomach.

5. Pain management, especially considerations of opioids in
infants and the risk of postoperative respiratory
depression.

6. Surgical approach—open versus laparoscopic.

It should be noted that only anesthesia providers experi-
enced with pediatric care should perform anesthetics for
neonates. This will often mean a pediatric anesthesiologist.
If pyloromyotomy is not considered a routine case for the
anesthesiologist, surgeon, or hospital, the patient should be
transferred to an institution where appropriate personnel and
resources are available. PS is not a surgical emergency, and
therefore after medical stabilization is achieved, arrange-
ments can be made for the safe transport of the patient to an
appropriate facility.

Regional Anesthesia

Concerns regarding the possible adverse neurobehavioral
effects of anesthetics on young children have prompted
reevaluations and new investigations into regional anesthesia
alternatives for surgery [35]. Currently general endotracheal
anesthesia remains the standard technique.

Pyloromyotomy has been performed utilizing many
regional anesthetic techniques. Historically, local anesthesia
has been utilized, but with higher surgical complication rates
[24]. Caudal block remains the standard anesthetic technique
practice at the Hospital Infantil de México [36]. Willschke
et al. [37] demonstrated the ability to provide anesthesia with
an ultrasound guided single shot thoracic epidural injection
for open pyloromyotomy. Spinal anesthetics for open and
laparoscopic pyloromyotomy are possible [38, 39]. Spinal
anesthetics have been considered in order to avoid (1) the
issues of postoperative apnea and respiratory depression,
(2) possible aspiration with induction, and (3) the stress of
awake intubations. With the shift from open towards
laparoscopic approaches, the only regional technique that
may have potential application is the spinal. Currently the
use of spinals for laparoscopic pyloromyotomy is not rou-
tinely recommended.

Regional blocks for postoperative pain control have also
been investigated. Among them, the ultrasound guided rec-
tus sheath block seems to be the simplest method for pro-
viding intra and postoperative analgesia for the open
pyloromyotomy [40].

Preoperative Evaluation

Prematurity and postconceptional age (PCA, gestational
age + chronological age) should be noted, as anesthetizing
premature infants will require additional precautions. Pre-
mature infants less than 60 weeks PCA are at risk for apnea
after general anesthesia and may require pediatric intensive
care unit (PICU) admission postoperatively [41]. The fon-
tanels, mucous membranes, skin turgor, and evidence of
tearing should be examined to ensure that there has been
adequate fluid resuscitation. The laboratory chemistries
should be reviewed to ensure that metabolic disturbances
have been corrected. Adequate IV access should be con-
firmed as well. Finally, informed consent for the anesthetic
should be obtained from the parents. Parents should be
reassured that their child will have adequate postoperative
pain control, and that special precautions will be taken to
avoid aspiration. As with any neonatal surgery, parents
should be informed that their child may require postopera-
tive intubation/ventilation and care in the ICU, but for an
uncomplicated pyloromyotomy, this would be rare.

Preparation and Monitoring

The room, anesthesia machine, and all equipment should be
appropriate for a neonate. An appropriately sized anesthesia
circuit, reservoir bag, and mask should be utilized. Suction
should be set up with an appropriately sized suction
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tip. Monitors should be of the appropriate size, and alarms
should be set to a neonatal mode. Standard monitoring for
neonates includes three lead EKG, noninvasive blood
pressure cuff, pulse oximetry, end-tidal gas monitoring, and
temperature probe. Airway set up includes appropriately
sized masks, oral airways, endotracheal tubes, and laryn-
goscope blades. For the neonate, a 3.0 or 3.5 cuffed or
uncuffed endotracheal tube are often appropriate. If a cuffed
tube is used, meticulous management of cuff pressures is
critical in this patient population. This can be done using a
manometer or checking a tube/cuff leak using auscultation
at the neck. A Miller 0 or 1 blade should be appropriate for
laryngoscopy. A pediatric stylet should be loaded into the
endotracheal tube in preparation for a rapid sequence
induction. IV maintenance fluids of D5 0.45% NS with
20 mEq KCl should be administered at 4 ml/kg/hr via an
infusion pump. 0.9% NS should be available for 10 mg/kg
fluid boluses if needed. Angiocaths for intravenous access
should be ready in case IV access is lost. All medications
should be drawn up and ready for use. Many practitioners
will have unit doses of medications available to decrease the
chance of inappropriate dosing in infants. Atropine and
succinylcholine should be ready with intramuscular needles
in case IV access is lost. Propofol 2–3 mg/kg is a com-
monly used induction agent. Epinephrine should be imme-
diately ready to administer in the event of cardiovascular
collapse, which fortunately is an uncommon occurrence.
Acetaminophen (IV or PR) is commonly administered
intraoperatively for postoperative analgesia. The room
should be warmed and a circulating air warming blanket
should be turned on to warm the operating room table prior
to the patient’s arrival.

Preinduction

Once in the operating room, the patient’s gown is removed
and a warmed blanket is placed over the patient. All moni-
tors are applied (except the temperature probe). IV Atropine
is administered at a dose of 10–20 mcg/kg with a minimum
dose of 100 mcg. Atropine premedication is used to prevent
a vagal reflex when suctioning the stomach, and to prolong
the time from oxygen desaturation to bradycardia if intu-
bation is prolonged. A large-sized endotracheal suction
catheter (12 french) is typically used to suction the stomach
in an attempt to reduce the gastric volume and thereby
reduce the aspiration risk. It must be clear that suctioning the
stomach does not ensure an empty stomach, but it is rec-
ommended to reduce the gastric volume [42]. Orogastric
suction is employed, and the patient is turned side to side
with the catheter in place. Suction is intermittently applied.
The catheter is removed, and the process is repeated once or
twice until no fluid can be aspirated.

Orogastric tubes are replaced after intubation to decom-
press the stomach to ensure adequate surgical exposure.
A decompressed stomach is required for safely accessing the
abdominal cavity in laparoscopic surgery. Surgeons typi-
cally request the insufflation of air into the stomach after the
pyloromyotomy is complete to ensure that the pyloric
mucosa has not been perforated.

Induction and Intubation

Controversy still exists concerning induction techniques for
pyloromyotomy. Mask inductions recommended by Stevens
et al. [43] have gone out of favor, but the technique is still
occasionally practiced. Recently Scrimgeour et al. [44] has
suggested that inhalational induction it is no more risky than
RSI and may confer some advantages. The proposed
advantage was avoiding the RSI technique altogether. RSI
may not decrease the risk of aspiration in PS patients while
actually increasing the incidence of failed intubations.
Controversy also exists concerning the method of intubation,
awake versus asleep. Cook-Sather et al. [42] compared
awake, RSI, and modified RSI intubating methods for PS.
They concluded that intubations performed in unanes-
thetized and awake patients were not superior to intubations
performed in anesthetized and paralyzed patients. Outcomes
evaluated were maintenance of stable vital signs. Thus, they
concluded that the practice of awake intubations should be
abandoned in otherwise healthy infants. Of note, it was also
determined that the modified RSI method, providing mask
ventilation with cricoid pressure (CP), conferred no advan-
tage over immediate tracheal intubations in preserving
oxygen saturation [45].

Patients with PS are considered to have a full stomach
and, although some practitioners perform them occasionally,
mask inductions are generally not considered the safest
induction technique is these patients. RSI is the preferred
method of intubating patients with PS [46]. Awake intuba-
tions can be done safely, and may be an ideal alternative to
RSI when a patient appears to have a difficult airway.
Though Cook-Sather et al. [42] found that a modified RSI
did not prevent oxygen desaturation, a simulation study by
Eich et al. [47] found that a “controlled RSI”
(non-depolarizing muscle relaxation and mask ventilation
with CP) prevented hypoxemia and this in turn reduced
operator stress and lead to fewer unsafe actions.

Muscle Relaxation

Though succinylcholine (SUX) is the ideal muscle relaxant
for providing rapid intubating conditions, the use of
Rocuronium (ROC) for RSI is an acceptable alternative. For
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patients with contraindications to SUX, ROC 0.7 mg/kg
combined with Propofol 2–3 mg/kg should provide equally
effective intubating conditions [48]. The standard RSI doses
of ROC, 1–1.2 mg/kg, may produce prolonged muscle
relaxation in the neonate and delay extubation. Practitioners
must balance the risks of delayed onset of neuromuscular
blockade with prolonged muscle relaxation. The dose of
SUX in the neonate is 2 mg/kg.

There are a few considerations when using SUX in
infants. Because neonates are resistant to SUX on a
per-kilogram basis, a higher dose is required. Paralysis
occurs within 20–30 s, and infants do not fasciculate. The
duration of SUX in neonates is shorter. SUX is not recom-
mended for routine use in pediatric patients, but the RSI is
not considered a routine intubating method. SUX is a trig-
gering agent for malignant hyperthermia. Pseudo-
cholinesterase deficiency should be considered in the
differential diagnosis in patients with delayed emergence
after SUX administration [49].

Maintenance

Maintenance with volatile anesthetics is typical. Isoflurane
and sevoflurane are currently the most commonly used
agents. Use of nitrous oxide may be beneficial to reduce
volatile anesthetic requirement, but may have unwanted side
effects with laparoscopic procedures. Nitrous oxide can dis-
tend any gas filled bowel making laparoscopic exposure
difficult. With open and laparoscopic procedures, additional
muscle relaxation is typically not required especially if ROC
was used for intubation. Positive pressure ventilation with
appropriate levels of PEEP is recommended. Dextrose con-
taining IV fluids are required to avoid hypoglycemia in the
neonate due to reduced glycogen stores. Acetaminophen (IV
at 10–12.5 mg/kg or PR at 30–45 mg/kg) may be adminis-
tered for postoperative pain control [50, 51]. Body tempera-
ture is monitored either rectally or via esophageal temperature
probe. Opioids are typically avoided due to the risk of res-
piratory depression and postoperative apnea related to the
cerebrospinal fluid alkalosis associated with PS [25, 52].
Remifentanil may be a good alternative to volatile anesthetics
in patients with a history of preoperative apnea. The study by
Galinkin et al. [53] demonstrated that pre- and postoperative
apnea occurs in term infants undergoing pyloromyotomy, and
that a remifentanil-based anesthetic prevented new-onset
postoperative apnea compared to halothane based anesthetics.

Emergence

Infants are extubated awake. Volatile agents should be
eliminated; non-depolarizing neuromuscular blocking

agents, if used, should be reversed. The patient should be
breathing spontaneously with an appropriate end-tidal car-
bon dioxide level. The patient should be fully awake, vig-
orous, and demonstrating purposeful movement. Ideally the
patient’s eyes are open. When all these criteria are met, it is
prudent to wait until one is absolutely certain that the patient
will cry and cough immediately upon extubation. IV
induction agents and airway equipment should be available
for immediate use in the event that an emergent reintubation
is required.

Pain Management

Pain control for pyloromyotomy is most commonly
accomplished with local anesthetic wound infiltration by the
surgeon and acetaminophen. Bupivacaine 0.25% with or
without epinephrine 2.5 mg/kg (1 ml/kg of 0.25%) is the
maximum recommended dose in neonates [54]. IV acet-
aminophen is commonly used although PR acetaminophen
has a long history of use in this setting. A one time loading
doses of 30–45 mg/kg of rectal acetaminophen is considered
safe and effective [50, 51].

The routine use of opioids in PS patients is typically
avoided. It is well known that the former premature infant
that is less than 60 weeks PCA is at an increased risk of
postoperative apnea after general anesthesia [41]. However,
the incidence of apnea occurring in term neonates follow-
ing general anesthesia is less clear, although it certainly
exits [55]. Neonates respond to opioids differently than
adults. They are more susceptible to the respiratory
depressive effects of opioids. This is likely due to an
incomplete blood-brain barrier allowing higher concentra-
tions of opioids to reach the central nervous system [56].
Opioids are metabolized slower in neonates leading to
higher plasma concentrations and longer elimination
half-lives. [57]. The patient with PS has the additional risk
of apnea related to cerebrospinal fluid alkalosis that may
persist even though the acid-base balance of the blood has
been corrected [23, 58]. A study by Habre et al. [59] on
pain control after pyloromyotomy found that wound infil-
tration with bupivacaine delayed the need for other anal-
gesics (acetaminophen) for up to 9 h. It was also noted that
the use of intraoperative opioids was associated with
naloxone administration in 10% of cases studied. If the
practitioner feels that opioids must be administered, great
care must be taken. Opioids should be given in the lowest
effective doses after the patient is extubated, awake, and in
an adequately monitored setting.

Breschan et al. [40] mentions the use of Ibuprofen and
Tramadol for postoperative analgesia though these medica-
tions are typically not used in neonates.
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Postoperative Management

Anesthetic considerations in the post anesthetic care unit
(PACU) include

1. Ensuring adequate oxygenation and ventilation.
2. Ensuring effective analgesia.
3. Promotion of early feeding.
4. Ensuring appropriate IV fluid management and avoiding

hypoglycemia.

All infants should receive supplemental oxygen while
being transferred from the operating room to the
post-anesthesia care unit (PACU). Supplemental oxygen
should be routinely administered in the PACU until the
patient’s respiratory status returns to baseline [25]. All post
pyloromyotomy patients should be on a cardiac and apnea
monitor for 24 h once transferred to the pediatric floor [3].
Patients displaying any sign of altered respiratory status
should remain in the PACU until stable. Patients that con-
tinue to display an altered respiratory status should be
admitted to the PICU for observation.

If patients are inconsolable and exhibiting pain behavior,
the judicious use of opioids may be required. A minimal
dose of morphine at 0.02 mg/kg, (0.1 mg in a typical 4 kg
patient) may be an effective rescue approach. It is recom-
mended that a patient who recently underwent pyloromy-
otomy who is requiring opioids for effective analgesia
should be admitted to the PICU for close monitoring.
Acetaminophen 10–15 mg/kg, IV, orally, or rectally, every
6 h as needed, should be the only analgesic required on the
floor [3].

Modern postoperative management advocates early
feeding. Feeding within a few hours of surgery is safe and
may hasten the tolerance of full feeds. Early feeding my also
enable hospital discharge at 24–48 h postoperatively [60].
Allowing an infant to drink sugar water in the PACU can
have a dramatic affect on calming the seemingly incon-
solable patient. This may obviate the need for additional
analgesics.

Dextrose containing maintenance fluids should be con-
tinued in the PACU. Postoperative hypoglycemia is a risk
and dextrose containing IV fluids should not be discontinued
abruptly [61]. IV fluids are discontinued when patients tol-
erate full enteral feeds.

Recommendations

1. PS is a relatively common condition. All anesthesiolo-
gists should be familiar with the pathophysiology of this

disease, and be aware of the anesthetic implications.
Practitioners with significant pediatric anesthesia expe-
rience should provide care for these neonatal patients.

2. The correction of volume status, acid-base disturbances,
and electrolyte abnormalities is mandatory prior to sur-
gery. Correction should be confirmed and documented
with repeat laboratory studies.

3. General endotracheal anesthesia is considered the stan-
dard of care for open and laparoscopic pyloromyotomy.

4. All issues related to neonatal anesthesia apply. Intraoper-
ative hypothermia and hypoglycemia must be prevented.

5. Patients with PS are considered to have a full stomach,
and all precautions to prevent pulmonary aspiration
should be taken. The RSI or awake intubation techniques
are both effective in preventing aspiration with induction
of anesthesia. Mask inductions are not recommended.

6. SUX and ROC are effective neuromuscular blocking
agents for RSI in the neonate.

7. Gastric fluid volume should be reduced via orogastric
suction prior to the induction of general anesthesia to
reduce the risk of aspiration.

8. Infants have a higher vagal tone relative to sympathetic
tone. Atropine (10–20 mcg/kg IV with a minimum dose
of 100 mcg) should be administered prior to orogastric
suction and RSI.

9. Opioids should be avoided intra- and postoperatively.
Patients with PS are at particular risk for postoperative
apnea and respiratory depression. Local anesthetic infil-
tration by the surgeon and acetaminophen provide ade-
quate analgesia.
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56Tracheoesophageal Fistula

Herodotos Ellinas

CASE

One-day-old 2000 g neonate, 34 week gestation presents to
the operating room for a tracheoesophageal fistula (TEF)
repair.

VS—temp 36.8C, RR 42, HR 135, BP 55/30 SpO2 99%
on RA, OG tube in place.

PIV 24G left saphenous vein, D10W infusing at 8 ml/h.

1. How would you define a tracheoesophageal fistula
(TEF)?

TEF is a congenital anomaly that arises from an abnormal
development of the tracheoesophageal septum. There are
several theories regarding the embryological origin of the
TEF but none have been definitively proven. Tracheoe-
sophageal development from the foregut occurs around the
4–5th week of gestation. Foregut malformation with pre-
vention of complete separation of the respiratory and gas-
trointestinal components creates a connection between the
trachea and the esophagus. Its incidence ranges from 1:3000
to 1:4000 births with male preponderance (25:3) [1].

2. What are the different types of a TEF?

The most known classification systems are the Gross and
Vogt (Table 56.1). As shown below they are defined as TEF
with or without esophageal atresia (EA). The most common
type is C/3b, esophageal atresia (blind end esophagus) with a
fistula arising from the distal portion of the trachea [2, 3].

3. What other anomalies are associated with TEF?

About 25–50% of these neonates have other congenital
anomalies such as congenital heart disease, genitourinary
anomalies, gastrointestinal disorders, skeletal anomalies, and
CNS disorders [4]. These anomalies have been incorporated
into the acronym VACTERL (Vertebral anomalies, imper-
forate Anus, Congenital heart disease, TEF/EA, Renal
anomalies, Limb anomalies) (Table 56.2).

A less common association of TEF is with CHARGE
syndrome (Coloboma of the eye,Heart defects,Atresia of the
choanae, Retardation of growth/development, Genitourinary
anomalies, Ear defects/deafness) [3, 5–9]. Chromosomal
anomalies are also associated with TEF; specifically trisomy
18 (25%), 13 and 21 (1%). Therefore, karyotyping should
be considered once in utero diagnosis has been confirmed
[6, 10].

4. How is the diagnosis made antenatally?

Maternal polyhydramnios, due to inability to swallow the
amniotic fluid, and consequent preterm labor due to the
increased intrauterine volume has been associated with TEF.
Further, an absent stomach bubble on ultrasonography can
assist with diagnosis. Unfortunately the findings are non-
specific and prenatal detection rate is about 40–50%
[11, 12].

5. What is the clinical presentation of a TEF patient?

TEF presents in the first week of life with symptoms such
as excessive salivation, coughing, choking, and cyanosis
with feeds and failure to pass an orogastric/nasopharyngeal
tube to the stomach beyond 7–10 cm. Upon delivery, diag-
nosis can be confirmed by radiography of a radio-opaque
oropharyngeal catheter unable to pass to the stomach [1, 5].H. Ellinas (&)
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6. How would you manage this neonate preoperatively?

Evaluation for other congenital anomalies prior to surgi-
cal procedure is mandatory due to the associations discussed
above. A neonatologist should evaluate all neonates preop-
eratively unless the child is in extremis and truly emergent,
life saving surgery is indicated. For children diagnosed with
TEF, the minimum workup should include an echocardio-
gram to evaluate presence of congenital heart disease, a renal
ultrasound to provide information about renal anomalies and
a chest radiograph (CXR) should be obtained. Blood work to
evaluate for electrolyte abnormalities is useful. Also,
assessment of serum glucose (esp. if neonate is premature
with increased secretions and frequent suctioning) and cur-
rent hemoglobin and hematocrit (prematurity) are also rec-
ommended [13].

Since the most common tracheoesophageal defect is with
an upper blind pouch (type C/3b TEF), an NG/OG with
intermittent suction may prevent pulmonary aspiration with
subsequent pneumonitis. Antibiotics should be considered to
treat pneumonia/sepsis. Upright positioning and cessation of
feeds should be initiated as soon as presumptive or definite
diagnosis has been made [6].

7. What is your plan for induction?

• Standard ASA monitoring as recommended for all
patients with temperature evaluation and active
warming systems to avoid hypothermia and risk for
bleeding

• Additional peripheral intravenous access (22G if
possible) for volume resuscitation if needed

• Consider Near-Infrared Spectroscopy (NIRS) and/or
arterial line for the neonate with congenital anomalies
and

• Assure OG (or NG) is connected to suction and
functioning well

• There are different approaches for induction. One
possible method is rapid sequence induction
(RSI) with or without cricoid pressure due to the high
risk for pulmonary aspiration even with a gastric tube
in place. The anesthesiologist must take into account
the potential problems with positive pressure ventila-
tion in a neonate with an uncontrolled TEF; namely,
uncontrolled inflation of the stomach with consequent
elevation of the diaphragm and severe respiratory
compromise that can lead to arrest. If there is already a
gastric vent placed, this technique may be considered.

• Medications for RSI: a sedative such as propofol
(2 mg/kg) and either succinylcholine (2–3 mg/kg) or
a non-depolarizer such as rocuronium (high dose
1.2 mg/kg); glycopyrrolate 10–15 mcg/kg will pre-
vent bradycardia and decrease secretions.

8. Would your plan change if the surgical colleague is
planning a rigid bronchoscopy?

Rigid bronchoscopy is performed to evaluate the anatomy
of the airway prior to repair (missed secondary TEF, mala-
cia, position of the fistula). Dependent on the size of the

Table 56.1 Gross and
Vogt TEF classifications [2, 3]

EAgen Isolated
EA

pTEF/distal
EA

dTEF/prox
EA

prox/dist
TEF

TEF/no
EA, H-type

ES

Gross A B C D E F

Vogt 1 2 3A 3b 3c 4

Frequency
(%)

10 1 85 1 3

EAgen Esophageal Agenesis, ES Esophageal Stenosis
pTEF proximal TEF, dTEF distal TEF

Table 56.2 VACTERL
congenital anomalies

Anomalies

Vertebral Hemivertebrae, missing/extra vertebrae, scoliosis

Anorectal Anal atresia and/or imperforate anus

Cardiac VSD (most common), ASD, ToF, CoA, Right-sided aortic arch, Truncus,
TGA

Tracheoesophageal
Fistula

TEF

Esophageal Atresia EA

Renal Agenesis/dysplasia, hypospadias, polycystic kidneys, single umbilical artery

Limb Radial agenesis/dysplasia, polydactyly/syndactyly

VSD Ventricular Septal Defect, ASD Atrial Septal Defect, ToF Tetralogy of Fallot
CoA Coarctation of the Aorta, TGA Transposition of the Great Vessels
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fistula, tracheal intubation or tracheobronchial intubation
may be the choice with or without muscle relaxation. If the
fistula is large, studies advocate for Fogarty catheter place-
ment for occlusion to assure acceptable mechanical venti-
lation [12]. Thus, an alternative induction technique that
many practitioners advocate would be slow IV or inhala-
tional induction in order to maintain spontaneous ventilation
and allow the surgeons to delineate the fistula (and control
with a Fogarty catheter) during rigid bronchoscopy.
A neonate who is spontaneously breathing is recommended
by most to prevent the adverse effects of positive pressure
ventilation (PPV) with increased abdominal distension and
subsequent ineffective ventilation; medications recom-
mended with this technique include volatile anesthetics and
propofol or remifentanil infusion in addition to vocal cord
local anesthesia (1–2% lidocaine max 4 mg/kg). Although
ketamine administration may maintain spontaneous breath-
ing, its association with neural apoptosis and its side effect of
increased secretions render it a secondary agent [13].

9. What are complications associated with either flexible
or rigid bronchoscopy?

If the airway is not adequately anesthetized, complica-
tions may include apnea and, coughing with laryngospasm,
bronchospasm, and hypoxemia [14].

10. What is the significance of a right-sided aortic arch?

The usual positioning for the repair of a TEF is left lateral
decubitus with a shoulder roll and a right thoracotomy
approach. A left thoracotomy approach may be warranted in
patients with a right-sided aortic arch in order to allow
adequate visualization of the TEF and decrease the risk of
injury to the aorta. However, it should be noted that suc-
cessful repairs have been performed via a right thoracotomy
even with a right-sided aortic arch [15].

11. What are the advantages of a thoracoscopic
approach?

• Decreased stress response as reported in minimally
invasive procedures in infants

• Avoidance of thoracotomy and thus concern for rib
fusion/retraction and future high degree scoliosis

• Better visualization of the anatomy for fistula
mobilization and ligation

• Less postoperative pain
• Cosmesis [16, 17].

12. What are the disadvantages of a thoracoscopic
approach?

• Steep learning curve for the success of the operation
• Technically challenging anastomotic suture placement
• Higher incidence of post-repair anastomotic

narrowing
• Hemodynamic collapse with insufflation (decreased

venous return, compression of great vessels) [17].

13. What would be your anesthetic maintenance plan
intraoperatively?

Volatile anesthetics are common for neonatal surgical
procedures. However, neonates do not have the most robust
myocardium and may experience significant hemodynamic
compromise when exposed to volatile anesthetics, particu-
larly at higher doses. In addition, opioids are used to
decrease stress response esp. associated with initial airway
manipulation (e.g., remifentanyl and fentanyl). Assuming
intraoperative stability and successful fistula ligation, the
plan for end of procedure extubation may be facilitated by
low dose opioid (or complete avoidance of opioids) use
intraoperatively. Extubation is preferred, if it can be done
safely, to minimize ETT pressure over the anastomotic site.
A worse problem would be the need for an emergent rein-
tubation with possible damage to the fresh suture line. Thus,
the benefits of immediate extubation must be balanced with
the significant complications that can occur if the child needs
to be reintubated in the OR or ICU.

14. What would you do if you are having difficulty ven-
tilating during repair?

Ventilatory difficulty during TEF repair has been reported
at approximately a 10% incidence [13, 18]. Ideal ETT
placement (for a type C TEF) is distal to the TEF but above
the carina. If the fistula is too close to the carina, the ETT
may be forced down the right main stem bronchus. Single
lung ventilation is not well tolerated in neonates especially
those with cardiac anomalies and/or preexisting respiratory
difficulties. A malpositioned ETT, the presence of excessive
secretions or blood clots occluding the ETT, and surgical
lung manipulation may all contribute to inadequate ventila-
tion. Dependent on location of the fistula and the endotra-
cheal tube (ETT) placement, adjustments can be made to
improve ventilation. If the fistula is unintentionally intubated
then the ETT can be withdrawn and the neonate can be hand

56 Tracheoesophageal Fistula 437



ventilated until ligation is performed. If the fistula is large
(>3 mm), a Fogarty balloon can be used to occlude the fis-
tula prior to ligation. If there is persistent difficulty venti-
lating, emergent gastric decompression should be considered
via a surgically placed gastric tube or vent. It has been
suggested that in the premature infant with respiratory dif-
ficulties preoperatively, an emergent transpleural ligation of
the TEF with reoperation in 8–10 days to complete the
repair should be performed instead [13].

15. What are your criteria for extubation at the end of
the case?

• Consideration of associated comorbidities (e.g. car-
diac anomalies, respiratory distress)

• Ease of ventilation
• Intraoperative hemodynamic and respiratory stability
• Ease of surgical repair
• Procedure duration [13]
• Appropriate level of consciousness
• Adequate analgesia
• Complete reversal of muscle relaxation

16. How would you manage perioperative pain?

If thoracotomy is planned, most neonates remain intu-
bated postoperatively and thus liberal use of opioids would
be beneficial in reducing airway complications during
bronchoscopy and reducing surgical stress response dur-
ing repair. An opioid infusion should be used intra/
postoperatively until extubation is considered. Alterna-
tively, a thoracic epidural (or caudal to thoracic space
catheter) with local anesthetic infusion with or without
opioids can be combined with volatile agents to deliver a
successful balanced intraoperative technique [19]. Epidural
anesthesia has been associated with an improved response to
surgical stimulation after major abdominal procedures in
infants but local anesthetic infusion in neonates should be
used with caution due to decreased clearance [13].

17. What are complications post TEF repair? [20, 21]

• Gastroesophageal reflux (GER) is the most common
long-term complication

• Esophageal/laryngeal strictures secondary to GER
• Tracheomalacia, significant only in <10% of repairs

but cause of reintubation
• Anastomotic leaks (up to 20%) resolve sponta-

neously or are recognized in the immediate postop-
erative period and get repaired

• TEF recurrence
• Scoliosis post thoracotomy

• TEF cough, present during childhood
• Dysphagia that improves with age
• Persistent pouch post repair. When these children

return for other surgeries and tracheal intubation is
required, the presence of a pouch must be considered
when there is a lack of ETCO2 and inadequate chest
excursion after intubation. Veteran pediatric anes-
thesiologists know this to be a problem in these
patients as they age and return for other procedures,
but for some relatively inexperienced practitioners,
this anatomic problem can come as a surprise.

18. What are the prognostic indicators for long-term
outcome?

Three different classifications have provided information
regarding survival rate: Waterson in 1962 modified by Spitz in
1994 and more recently by Okamoto in 2009. Initially three
prognostic factors were included: birth weight, congenital
anomalies and pneumonia. The two latter classifications
removed pneumonia because of its rarity. The major risk factor
contributing to all three classifications was cardiac anomalies
(esp. with ductal dependent lesions [22]) reducing survival rate
from 100 to 30% when present. Even with birth weights <2 kg
and major heart defects, the survival rate was 27% [4, 12].
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57Congenital Heart Disease: Atrioventricular
Septal Defects

Viviane G. Nasr and Annette Y. Schure

Case
A 3-month-old, 3.5 kg male infant, born full term following
a normal spontaneous vaginal delivery and diagnosed with
Trisomy 21 and congenital heart disease at birth, is booked
for an urgent inguinal hernia repair. He is scheduled for
surgical repair of his atrioventricular septal defect the fol-
lowing week, but unfortunately presented to the ER with a
poorly reducible right-sided inguinal hernia.

Medications: Lasix
Allergies: NKDA
Past Medical History: Trisomy 21, Inguinal Hernia

PART A

1. What is an atrioventricular septal defect?

Congenital heart disease is the most common birth defect
and affects approximately 1 in 100 newborns. There is a
wide range: some defects resolve spontaneously over time
(spontaneous closure of PDA, small ASDs or VSDs), others
require multiple surgeries or even a heart transplant (single
ventricle lesions) [1].

Atrioventricular canal defects (AVC) constitute 4–5% of
congenital heart disease.

AV septal defects are a spectrum of malformations, which
are characterized by a defect in the atrial septum, a defect in
the ventricular septum and a defect in one or both atrioven-
tricular (AV) valves (see below for the details) (Fig. 57.1).

AVC defects are often referred to as “mixing lesions.”
Depending on the size of the septal defects and the vascular

resistances in the pulmonary and systemic circulations,
deoxygenated blood from the right side of the heart and
oxygenated blood from the left side of the heart will mix
within the heart and determine the arterial oxygen saturation.

Left-to-right, right-to-left, or bidirectional shunting can
be present.

2. What is left-to-right shunting?

In left-to-right shunting, oxygenated blood from the left
side of the heart is shunted away from the systemic circu-
lation and recirculates into the pulmonary circulation
resulting in volume overload, poor cardiac output, conges-
tive heart failure, and pulmonary edema.

Examples are large ventricular septal defects and com-
plete AV canals with low pulmonary vascular resistance.

3. What is right-to-left shunting?

In right-to-left shunting, deoxygenated blood from the
right side of the heart is shunted away from the pulmonary
circulation and directly enters the systemic circulation,
leading to cyanosis and poor tissue oxygenation. A classic
example is Tetralogy of Fallot with pulmonary stenosis, one
of the most common cyanotic heart defects.

4. What is bidirectional shunting?

In bidirectional shunting, the direction of the shunt usu-
ally changes with the cardiac cycle; it is different in systole
versus diastole.

5. Why is this child presenting for cardiac surgery now
at the age of 3 months? Why not at the time of
diagnosis?

At birth the pulmonary vascular resistance is relatively
high, but gradually decreases over time due to the ongoing
maturation of the pulmonary arteries. Except for a murmur,
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many patients with AV defects are initially relatively
asymptomatic and can be medically managed with diuretics
and ACE inhibitors for afterload reduction. As the pul-
monary vascular resistance drops further and reaches a nadir
at about 2–3 months of age, the patients present with an
increased left-to-right shunt and pulmonary overcirculation
leading to congestive heart failure and poor growth. In
addition, the complex surgical repair is easier to perform in
an older and larger infant [2].

6. How would you evaluate this infant? What are your
specific concerns?

Similarly to any patient presenting with an inguinal her-
nia, this patient needs to be evaluated for NPO status,
presence of bowel sounds/obstruction or emesis. In terms of
his cardiac status, it is important to review the history,

existing imaging studies, current medications and assess the
patient for signs and symptoms of congestive heart failure
(Failure to thrive, poor feeding, cold sweating with feeding,
tachypnea, history of recurrent respiratory infections, etc.) or
pulmonary hypertension (hepatomegaly, tachypnea,
cyanosis).

Furthermore, 25% of patients with CHD have other
anomalies or associated syndromes, and this patient has
already been diagnosed with Trisomy 21, so a thorough
evaluation of potential airway problems, skeletal abnormal-
ities, or endocrine issues is important. AV septal defects can
also be associated with DiGeorge Syndrome, Tetralogy of
Fallot, or double outlet right ventricle defects [3].

7. What are you looking for on the physical exam?

The findings on physical exam include signs and symp-
toms of congestive heart failure: tachypnea, increased work
of breathing with retractions or nasal flaring, rales, cachexia,
hepatomegaly, tachycardia, cool extremities, poor pulses,
delayed capillary refill, and mottled appearance.

Focusing on the cardiac exam, findings may include a
hyperactive precordium, normal or accentuated first heart
sound, wide, fixed splitting of S2, pulmonary systolic ejec-
tion murmur with thrill, holosystolic murmur at apex with
radiation to axilla, and mid-diastolic rumbling murmur at the
left sternal border [3].

8. Which preoperative tests would you like to see? Why?
What do you expect to find?

Preoperative testing should include: (1) a recent
echocardiography for assessment of ventricular function, the
severity of AV regurgitation, and the direction of shunting;
(2) Electrocardiogram (EKG) looking at the rhythm and
atrial or ventricular hypertrophy; (3) Chest X-ray (CXR) for
the presence of pulmonary edema, infiltrates and
cardiomegaly.

In addition to the imaging, laboratory testing is requested
to check for polycythemia (secondary to cyanosis), anemia
(physiologic nadir or secondary to malnutrition) and elec-
trolyte disturbances, especially hypokalemia due to emesis
and diuretic therapy.

9. What are the anesthetic implications of Trisomy 21?

Anesthetic implications of Trisomy 21 include (in addi-
tion to cardiac defects) cervical spine instability, large ton-
gue, short and narrow trachea, muscular hypotonia, difficult
vascular access, abnormal thyroid function, and early onset
of pulmonary hypertension.

Fig. 57.1 Cross section of the heart showing mitral and tricuspid
valve apparatus and common atrial and ventricular septal defects in a
case of CAVC. Reproduced from Böök K, Björk V. O, Thorén C.
(1986) “Complete atrioventricular canal.” In: (Wu Y and Peters RM,
eds.) International Practice in Cardiothoracic Surgery. Dordrecht:
Springer Netherlands, pp. 779–785
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10. The preoperative oxygen saturation is 95%. What if
it is only 82%? Would this change your
management?

Decreasing arterial saturations are an ominous sign in
patients with AV septal defects and can be caused by pul-
monary hypertension or low cardiac output. In the presented
case the differential diagnosis should include:

– Pulmonary hypertension secondary to increased pul-
monary blood flow or vascular remodeling with
increased vascular reactivity

– Coexisting pulmonary artery stenosis
– Pulmonary edema
– Low cardiac output, decreased tissue oxygenation, and

mixed venous desaturation
– Aspiration or respiratory infection.

Obviously, the anesthetic management depends on the
most likely cause, but should consider the increased risk for
pulmonary hypertensive crisis, potential need for inotropic
support, and invasive monitoring as well as appropriate
postoperative monitoring (ICU).

11. How would you induce this child for the inguinal
hernia repair?

An intravenous induction aiming for a well-balanced
circulation (stable pulmonary vascular resistance/systemic
vascular resistance (PVR/SVR) ratio) and normoventilation
is safe while avoiding hyperventilation and high FiO2.
A high PaO2 and low PaCO2 decrease PVR, which will
increase left-to-right shunting and decrease systemic cardiac
output.

In addition, removing all possible bubbles in intravenous
lines is a must to prevent a paradoxical air embolus.

12. What are the factors that affect PVR?

Factors that increase PVR include: Hypoxia, hypercarbia,
acidosis, atelectasis, high hematocrit, and sympathetic
stimulation.

Factors that decrease PVR include: oxygen, hypocarbia,
alkalosis, normal FRC, low hematocrit, and attenuating
sympathetic stimulation.

13. How would you manage the airway?

The management of the airway will involve a general
anesthetic with endotracheal intubation allowing for control
of ventilation and oxygen delivery. It is also necessary to
avoid a potential pulmonary aspiration secondary to a

non-reducible hernia. Shunt reversal (right-to-left) with
severe hypotension or increase in PVR may occur following
induction, bronchospasm, hypoxia, or acidosis, coughing, or
breath-holding during emergence.

14. Do you plan any invasive monitoring? Why?

Two peripheral intravenous (PIV) lines should be inser-
ted, using one PIV for bolusing medications and another PIV
(e.g., external jugular venous line) for potential inotropic
support. If insertion of a PIV is not possible, a central venous
line (e.g., internal jugular) should be placed. Invasive blood
pressure monitoring with an intra-arterial catheter is needed
if the patient demonstrates signs of heart failure upon pre-
sentation for his inguinal hernia repair or instability at
induction that requires constant resuscitation.

15. After induction and institution of positive pressure
ventilation with 100% FiO2, the BP drops from
70/40 to 40/20 mmHg. What is your differential
diagnosis? How do you treat it?

Following induction and hyperventilation with a high
FiO2, the PVR can fall significantly and lead to an increase
in left-to-right shunting and a drop in systemic cardiac
output. The decrease in sympathetic tone after induction of
general anesthesia will often lead to significant hypov-
olemia, especially in volume depleted patients on chronic
diuretic therapy. The use of cardiodepressant anesthetics,
such as potent inhalation agents, can further decrease ven-
tricular function and cardiac output. Treatment will include
ventilatory changes to optimize PVR (lower FiO2, low res-
piratory rate to allow elevation of CO2, etc.), administration
of volume and inotropic support if necessary. In patients
with long standing diuretic therapy a slow bolus of calcium
chloride or gluconate can also be helpful.

16. Do you need Endocarditis Prophylaxis?

Endocarditis prophylaxis is not recommended for this
procedure. Although AVCs are considered an unrepaired
cyanotic congenital heart disease, endocarditis prophylaxis is
no longer recommended for routine gastrointestinal or gen-
itourinary procedures.

According to the American Heart Association in 2007,
the following conditions require endocarditis prophylaxis for
dental procedures involving the gingival tissue or oral
mucosa [4]:

• Prosthetic cardiac valve or prosthetic material used for
cardiac valve repair

• Previous endocarditis
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• Congenital Heart Disease (CHD)
– Unrepaired cyanotic CHD, including palliative shunts

and conduits
– Completely repaired CHD with prosthetic material or

device, whether placed by surgery or catheter inter-
vention, during first 6 months after the repair

– Repaired CHD with residual defects in the site or
adjacent to the site of a prosthetic patch or prosthetic
device (which inhibits endothelialization)

• Cardiac transplantation recipients who develop cardiac
valvulopathy

17. After an uneventful inguinal hernia repair, the sur-
geon would like to discharge the child home later in
the day. Do you agree?

The risk of a pulmonary hypertensive crisis remains
postoperatively. Therefore, the patient needs to be admitted
following surgery for a 24 h observation ensuring adequate
pain control and monitoring of oxygen saturations in addi-
tion to routine vital signs.

PART B
One week later, after an uneventful recovery, the child is

presenting for the surgical repair of the atrioventricular
defect.

1. What is the difference between an atrioventricular
septal defect and an ASD or VSD?

It is the presence of an abnormal AV valve that distin-
guishes this group of malformations from other types of
endocardial cushion defects: atrial septal defects (ASDs) and
ventricular septal defects (VSDs).

2. How do AV defects develop? Embryology.

All AV septal defects result from some degree of
incomplete fusion of the endocardial cushions during the 5th
week of fetal development. There are four endocardial
cushions, which originate from the primitive mesoderm to
form the atrioventricular (AV) valves, atrial and ventricular
septum. The atrial portion of the AV septum develops from
the growth of the endocardial cushion tissue toward the
posterior wall of the common atrial chamber. The ventricular
portion of the AV septum results from the growth of the
endocardial cushion tissue toward the apex of the heart. As
the endocardial cushion tissue continues to grow to the right
and the left, it results in the formation of the tricuspid and
mitral valves.

3. How would you describe an atrial septal defect
(ASD)?

5–10% of CHD are isolated defects in the atrial septum,
but ASDs are often part of other complex lesions. They are
classified according to their location within the septum:

(1) ostium secundum defects, located in the fossa ovalis;
(2) ostium primum defects which can be associated with

small clefts in the mitral valve;
(3) inferior and superior sinus venosus defects, often asso-

ciated with partial anomalous return of pulmonary veins
(4) coronary sinus (CS) defects.

An ASD is a simple shunt, usually left-to-right, leading to
progressive dilation of the right atrium and right ventricle.
A small, restrictive defect will allow minimal shunt flow and
often closes spontaneously within the first few years of life.
A large defect is unrestrictive and might require interven-
tions (device closure or surgical repair) [5].

4. How would you describe a ventricular septal defect
(VSD)?

With 20–25% of all CHD, VSDs are the most common
form of heart defects. A VSD is an opening in the ventricular
septum allowing communication between the right and left
ventricles. It may exist in one or more locations in the
ventricular septum.

(1) Subpulmonary or supracristal defects located in the
infundibular septum just below the pulmonary valve.

(2) Membranous or perimembranous defects. These defects
comprise approximately 70–80% of all VSDs and are
located in the subaortic region of the membranous
septum.

(3) Conoventricular defects: Similar to perimembranous
defects but extend anteriorly and superiorly in the
septum.

(4) Inlet or canal-type defects: posterior septum near the
atrioventricular (AV) valves.

(5) Muscular defects: located in the lower trabecular sep-
tum, there are often multiple defects, which may be
apical, midmuscular, anterior, or posterior (Swiss cheese
VSDs).

30–40% of VSDs, especially small ones, will close
spontaneously, the rest usually present with increasing
left-to-right shunting and congestive heart failure [1, 5].
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5. Describe the different types of AV defects?

AV defects are described as complete and incomplete.
Incomplete AV septal defects have a divided AV valve orifice.
Although the AV valve is abnormal, it is characterized by a
trileaflet tricuspid valve on the right and a bileaflet mitral valve
on the left, in association with an atrial defect, a ventricular
defect, or both. Usually, there exists a cleft in the anterior leaflet
of the mitral valve, which creates some degree of mitral insuf-
ficiency. When associated with simply a primum ASD, these
defects are often referred to as a partial AV septal defect. When
associated with a primum ASD and a small VSD, these defects
are often referred to as a transitional AV septal defect. Com-
plete AV septal defects have a commonAV valve, usually with
five leaflets and one large orifice, and both an ASD and VSD.

6. How many types of complete AV septal defects exist?

There are three types that are classified depending on the
location of the chordal attachments of the anterior bridging
leaflet of the common AV valve as Rastelli type A, B,
or C.

(1) Type A: Anterior bridging leaflet is attached to the
ventricular septum by multiple chordal attachments.
The left ventricular outflow tract is narrow and elon-
gated with Type A.

(2) Type B: Anterior bridging leaflet is attached to the right
ventricular side of the ventricular septum by an
anomalous papillary muscle

(3) Type C: Anterior bridging leaflet lacks attachments to
the ventricular septum—“free-floating.” The Rastelli
type C is the most common and is defined by an
anterior leaflet that lacks ventricular septal attachments
and thus “floats” above the ventricular septum.

7. What is a balanced AV septal defect?

Balanced defects are those in which the common AV
valve lies equally over both ventricles. Unbalanced defects
are those in which the AV valve does not lie equally over
both ventricles thus one ventricle predominates and the other
ventricle is usually hypoplastic.

8. What other anomalies can be associated with AV
defects?

AV septal defects are commonly associated with other
major cardiac or extracardiac abnormalities. They may be
seen especially in association with Tetralogy of Fallot and
DiGeorge syndrome. AV septal defects are present in 20–
50% of patients with Trisomy 21, 15% of patients with

Noonan’s syndrome, and 5% of patients with Ellis-van
Crefeld syndrome.

PART C

1. How do you evaluate this child for the cardiac sur-
gery? Any specific concerns?

Evaluation of this child includes a detailed history and
review of existing diagnostic tests and laboratory results as
well as a thorough physical exam with specific focus on air-
way, cardiac status, and vascular access. (See question # 6–9).

2. What preoperative tests would you like to review? Do
you need a cardiac catheterization?

The preoperative testing including an echocardiogram,
EKG, CXR, lab testing will be reviewed (see above Part A).
If a catheterization is done, important data would include
pulmonary vascular resistance (PVR), Qp:Qs (Shunt Fraction
or ratio of pulmonary blood flow to systemic blood flow), and
saturations. In patients with a large AV septal defect who
have systemic or near systemic RV and PA pressures, it is
essential to determine suitability for operative intervention by
establishing whether the elevation in PVR is reversible. This
is done by checking the response to O2 and/or NO.

3. How does the Nitric Oxide work?

Inhaled NO selectively reduces pulmonary hypertension
and improves ventilation/perfusion matching in a variety of
disease states. Pulmonary selectivity is based on its gaseous
state, small size and lipophilicity, and its avid binding to and
rapid inactivation by hemoglobin prevents systemic
vasodilatation.

4. What is the difference between adult and pediatric
cardiopulmonary bypass?

Considerations for cardiopulmonary bypass in infants and
children include: (1) smaller circulating volume, higher rate
of oxygen consumption, reactive pulmonary vascular bed,
immature organ systems, altered thermoregulation, poor
tolerance to microemboli, and the presence of intra and
extracardiac shunts. Figure 57.2 summarizes the differences
between adult and pediatric cardiopulmonary bypass [6].

5. What kind of monitoring do you need? Any specific
equipment?

Monitoring for repair with complete AVC would include
a 5 lead ECG, invasive arterial line to assess for continuous
blood pressure and blood testing, as needed, a central line
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placement for delivery of inotropic medications and mixed
venous oxygen measurements, and near infrared spec-
troscopy for cerebral oxygenation.

6. How would you induce this child?

Because control of ventilation is the most reliable way to
manipulate PVR, prompt and reliable control of the airway at
induction is important. The goal should be to use a reduced
FIO2 and to maintain PaCO2 at 35–40 mm Hg. Inhalational
induction should be reserved for infants and children with
small defects, no mitral regurgitation, and no Pulmonary
arterial hypertension (PAH). Cardiac reserve often is limited
or exhausted in patients with large shunts and high pul-
monary blood flow. Moreover, the additional volume load
imposed on the left ventricle by mitral regurgitation will
further limit cardiac reserve. An intravenous induction and
maintenance with fentanyl will provide better hemodynamic
stability. In particular, for patients with reactive pulmonary
vasculature, high doses of fentanyl will be useful in blunting
increases in PVR associated with surgical stimulation. In
addition, high doses of fentanyl will blunt stimulation-
induced increases in systemic vascular resistance (SVR),
which will increase the mitral regurgitant fraction.

7. After induction, the oxygen saturation is 90% on an
FIO2 of 21%. How do you assess if the patient’s
cardiac output is adequate for systemic oxygen
delivery?

Assuming that only a L to R shunt exists, this saturation
is representative of pulmonary vein desaturation (intrapul-
monary shunt or V/Q mismatch). This in turn is the conse-
quence of interstitial pulmonary edema. In the presence of

bidirectional shunting the assessment is substantially more
complicated. However, two facts are clear: (1) SaO2 alone is
a poor surrogate measure of QP:QS and (2) the best and
easiest obtainable measure of the adequacy of systemic O2

delivery is SaO2—SsvcO2. SsvcO2 can be obtained from
blood drawn from the proximal port of a CVP catheter.
Alternatively, near infrared spectroscopy can be used as a
surrogate trend marker for mixed venous saturations and
cardiac output.

8. Discuss the surgical repair

Repair of these defects involves: (1) Septation of the
common AV valve tissue into two separate competent,
non-stenotic tricuspid and mitral valves. (2) Closure of the
ostium primum ASD. (3) Closure of the inlet VSD.

There are two different surgical techniques. The patch
technique whereby a single patch is used to close both the
VSD and ASD and the reconstructed AV valves are resus-
pended by sutures to the patch. When the VSD is large and
extends to other areas of the septum (as in TOF) two patches
(atrial and ventricular) may be necessary. When the inlet
VSD component is small, the AV valve tissue can be sutured
down to the crest of the ventricular septum essentially
closing the VSD. A patch is then sutured to the crest of the
ventricular septum and is used to close the ASD [7].

9. What are the risk factors for surgery?

Risk factors for surgical repair include: young age and
prematurity, preoperative severity of common AV valve
incompetency, preoperative functional class and presence of
associated cardiac and noncardiac malformations.

Fig. 57.2 Comparison between
adult and pediatric
cardiopulmonary bypass [1, 6]
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10. What are the major postoperative complications?

Major postoperative complications include residual VSD
or ASD, residual mitral regurgitation, complete heart block,
and right ventricular dysfunction [8].

11. Describe the overall mortality and long-term out-
come after primary repair of AV septal defects?

The overall mortality for primary repair of a complete AV
septal defect is <5%. Long-term survival is excellent and, in
most cases, there is no need for further surgery. The overall
prognosis is related to the repair of the left-sided AV valve [9].

12. What are your concerns for subsequent noncardiac
surgeries?

Patients with repaired CAVC may present with residual
mitral valve disease, pulmonary hypertension, right ventricle
dysfunction and arrhythmias including heart block and sinus
node dysfunction.
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58Premature Infant

Lisa M. Hammond

Case
7-day-old ex 29-week premature infant, weighing 900 g,
presents to the operating room for patent ductus arteriosus
(PDA) closure.

Past Medical History:

Respiratory Distress Syndrome

Hypoglycemia

Hypotension

Intraventricular hemorrhage,
grade III

Medications:

D10 infusion 110 ml/kg/day

Dopamine infusion
5 mcg/kg/min

Midazolam infusion
0.05 mg/kg/hr

PRN fentanyl boluses

Allergies: NKDA

Physical Exam:

VS: 166 bpm, 53/32, 93% on
30% FiO2

Sedated

Intubated, with mechanical
ventilation PVC 21/3 × 24, FiO2

30%

3/6 machinery-like murmur
throughout precordium

Rales bilaterally

Mildly distended abdomen,
positive bowel sounds

24 g PIV in situ left saphenous

Labs: HCT 29%, PLTs 46 k,
otherwise unremarkable

1. How is prematurity defined? How does the degree of
prematurity correlate to morbidity and mortality?

Premature infants are defined as infants born prior to
37 weeks gestational age (GA). Specifically, these infants
can be defined as low gestational age (LGA) newborns, born
between 27 and 32 weeks GA, or extremely low gestational
age newborns (ELGAN), born between 23 and 27 weeks
GA. In addition, these neonates are often of low birth
weight, given inadequate time for intrauterine growth, and
therefore can be further classified based on the birth weight.

• Low birth weight (LBW): <2500 g
• Very low birth weight (VLBW): <1500 g
• Extremely low birth weight (ELBW): <1000 g.

Morbidity and mortality track much more closely with
GA compared to BW. This is thought to be based on the
organ prematurity associated with low GA, that may not be
found to the same degree in term infants that may have
isolated intrauterine growth restriction (IUGR) and resultant
low birth weight [1].

In general, morbidity and mortality of premature infants
has declined significantly with the advent of antenatal glu-
cocorticoid use, specialization of NICUs, advancements in
mechanical ventilator therapy, and development of multi-
disciplinary care team models. In ELBW newborns, the
overall mortality in level 3 NICUs was estimated to be less
than 30% in 2011, compared to greater than 80% in 1980
[2].

2. What is the difference between gestational age,
chronological age, postmenstrual age, and corrected
age?

These are all terms used to define a neonate’s perinatal
age, and therefore potential degree of prematurity.
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• Gestational Age: Time elapsed between the 1st day of the
last menstrual period and the day of delivery

• Chronological Age: Time elapsed since birth
• Postmenstrual Age: Gestational age + chronological age
• Corrected Age: Chronological age reduced by the num-

ber of weeks born before 40 weeks of gestation.

3. What are some of the cardiovascular physiologic
differences to consider in premature infants?

There are several structural and functional differences in
the cardiovascular system of premature neonates. In general,
there is more connective tissue in the myocardium, with less
organized contractile elements, and an increased dependence
on extracellular calcium concentrations. The myocardium is
also less compliant, with a flatter Frank-Starling Curve,
which renders these neonates to some degree preload-
dependent, but also at increased risk of fluid overload with
rapid volume increases. In addition, their small circulating
blood volume compared to term neonates puts these patients
at increased risk for fluid overload with IV medication
administration followed by even small flush boluses.
Because of a relatively fixed stroke volume, these patients
are even more heart rate dependent compared to term neo-
nates. The cardiovascular system of premature neonates
functions at near-maximal baseline beta-adrenergic stimu-
lation, and therefore these neonates are less responsive to
augmentation with exogenous catecholamines.

4. What is a patent ductus arteriosus (PDA)? What are
the potential implications?

PDAs result from persistent patency of the ductus arte-
riosus, a central shunt between the main pulmonary artery
and the aorta that, in utero, preferentially shunts blood away
from the pulmonary circulation into the systemic circulation
in the setting of high intrauterine pulmonary vascular resis-
tance (PVR) compared to lower systemic vascular resistance
(SVR). Typically, the ductus arteriosus functionally closes
soon after birth (by about 10–15 h after delivery). The exact
mechanism of ductal closure is not clear. Several factors
seem to play a part in closure including increased arterial
oxygen tension, decreases in circulating prostaglandins after
delivery and bradykinin release following lung expansion. In
preterm infants, the ductus arteriosus has a thinner, poorly
contractile muscular layer, and diminished responsiveness to
the increasing arterial oxygen tension after birth resulting in
failure of closure. Furthermore, preterm infants often suffer
from respiratory distress syndrome (RDS), and resultant
hypoxemia with reductions in arterial oxygen tension.

With resolution or optimization of underlying pulmonary
pathology, such as RDS, lower PVR allows reversal of flow

across the PDA, such that blood is shunted preferentially
from the systemic circulation to the pulmonary circulation.
This often results in pulmonary vascular congestion with
worsening respiratory failure, hypotension, and ultimately
left heart failure.

5. How would you diagnose and treat a PDA?

It is estimated that 50% of neonates weighing less that
1000 g and 20% of neonates weighing less than 1750 g will
suffer from hemodynamically significant PDAs requiring
intervention [3]. Therefore, high clinical suspicion in this
patient population is appropriate.

Initial clinical presentation may be consistent with sudden
increase in respiratory failure, tachycardia, tachypnea,
widened pulse pressure, and hypotension. Physical exam
may reveal a classic machinery murmur, but this is not
always present.

The diagnosis is confirmed with echocardiography that
demonstrates left atrial enlargement. Continuous-wave
doppler or color doppler can be used to confirm abnormal
flow in the pulmonary artery.

Management of a PDA can be either medical or surgical.
Medical management involves fluid restriction, diuretic
administration, minimizing exogenous oxygen exposure,
and indomethacin, which, if effective, will usually close the
PDA within 24 h. If there are contraindications to indo-
methacin administration, or medical therapy fails, surgical
ligation is the definitive therapy.

6. What is Respiratory Distress Syndrome (RDS)? How
would you diagnosis and treat RDS?

RDS is a life-threatening pulmonary complication of
prematurity. The cause of RDS has been associated with a
deficiency in alveolar phospholipid surfactant, produced by
type II alveolar cells and necessary for the maintenance of
alveolar stability. This pathology has been correlated with a
high mortality in premature neonates, and its occurrence is
inversely proportional to birth weight in premature neonates.
The estimated occurrence is greater than 86% of ELBW
neonates, and 27–48% of LBW neonates [3].

Clinical presentation of neonates with RDS would be
consistent with hypoxia, cyanosis, and tachypnea. Physical
examination would likely reveal intercostal and accessory
muscle retractions, and bilateral rales on auscultation of lung
fields. Chest X-ray often shows diffuse bilateral infiltrates.

Both a decrease in severity, and an increase in survival of
neonates with RDS have been attributed to maternal steroid
administration and exogenous neonatal surfactant adminis-
tration. In addition, ventilator optimization and therapeutic
inhaled nitric oxide (iNO) have also been described to
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improve oxygenation in these patients. There is, however, no
good data that rescue or routine use of iNO improves sur-
vival in preterm neonates with RDS [4].

7. How would you manage a ventilator for a patient with
RDS?

Mechanical ventilation is often necessary in patients with
RDS secondary to (1) the greater inspiratory pressures
required to initially expand surfactant deplete alveoli,
(2) poor overall lung compliance with resultant increased
work of breathing, and (3) hypoxemia resulting from poor
V/Q matching in the setting of highly atelectatic lung tissue.
Small tidal volumes (4–6 ml/kg), with greater inspiratory
rates, minimal FiO2 to maintain oxygen saturations within
90–94% range, and PEEP sufficient to avoid alveolar col-
lapse reduce long-term lung injury in premature lungs [5]. In
addition, randomized controlled trials have demonstrated
that the use of permissive hypercapnia (PaCO2 45–
55 mmHg) with shorter periods of assisted ventilation, may
reduce the incidence of bronchopulmonary dysplasia
(BPD) without adverse neurodevelopmental effects [6]. For
patients that are refractory to conventional ventilator man-
agement, high frequency oscillatory ventilation (HFOV) has
gained increasing popularity in the management of prema-
ture infants with RDS.

8. What is Bronchopulmonary Dysplasia (BPD)? How is
the severity graded? What are the implications of
BPD?

BPD is a chronic lung disease of prematurity as a result of
remodeling that occurs after prolonged exposure (weeks) of
supplemental oxygen therapy in the postnatal period.
Like RDS, the occurrence of BPD is inversely proportional
to birth weight in premature neonates. The mechanism of
injury on lung parenchyma has been attributed to mechanical
ventilation (atelectrauma and volutrauma to a greater extent
than barotrauma), oxygen toxicity, infection, or a combina-
tion of any of these insults. The end result is various degrees
of interstitial fibrosis, lobar emphysema, and increased
reactivity of airways. This constellation of problems may
require persistent exogenous oxygen, steroids, or prolonged
mechanical ventilation. BPD is graded based on a severity
index assessment at 36 weeks postmenstrual age, and has
been shown to identify a spectrum of risk for adverse pul-
monary and neurodevelopmental outcomes in preterm
infants [2].

• Mild BPD: breathing RA
• Moderate BPD: need for <30% FiO2

• Severe BPD: need for >30% FiO2, and/or PPV or CPAP

9. What are apnea spells? What are possible causes?

Apnea of prematurity occurs in more than 85% of preterm
infants, and its occurrence is inversely proportional to ges-
tational age. Apnea spells are defined as cessation of
breathing lasting more than 20 s, or more than 10 s if
associated with desaturation and/or bradycardia. The mech-
anism can be attributed to both central and obstructive eti-
ologies. Central etiologies are related to CNS immaturity and
decreased chemoreceptor sensitivity to hypoxia and Hyper-
carbia. This may be exacerbated by abrupt changes in oxy-
gen tension, pulmonary mechanics, brain hemorrhage,
hypothermia, or even airway stimulation. Obstructive eti-
ologies occur from pharyngeal muscle dyscoordination
resulting in occlusion of the pharynx and/or larynx and may
be exacerbated by residual anesthesia. Preterm infants with
apnea do not increase ventilation in response to hypercapnia
compared with those without apnea, thereby prolonging the
apneic episode. Repeat episodes of apnea increase the
potential for CNS damage because of repetitive exposure to
hypoxemia [3]. The main treatment for apnea of prematurity
is methylxanthine (e.g., caffeine).

Patients with apnea of prematurity are also at increased
risk for postoperative apnea. Risk factors for postoperative
apnea include postconceptional age <60 weeks, hematocrit
<30, and major surgeries. The greatest risk factor is a
postconceptional age <60 weeks. Postoperative apnea usu-
ally begins within 1 h after surgery, and in extreme prema-
ture infants can occur up to 48 h postoperatively. Because
postoperative apnea is more common after major surgical
procedures, there is some suggestion that the neurohormonal
response to surgery and pain may play a role.

Management for neonatal apnea is centered on close
observation, administration of IV methylxanthines (caffeine,
theophylline), and prevention of anemia and hypovolemia.

10. Are premature infants at risk for hypoglycemia or
hyperglycemia? Why? How do you manage this?

Premature infants are at risk for both hypoglycemia and
hyperglycemia. Therefore, close glucose monitoring is
imperative in this patient population.

Premature infants have decreased glycogen and body fat
stores, predisposing them to hypoglycemia. Whipple’s triad
(low glucose, symptoms of hypoglycemia, and resolution of
symptoms when glucose level is normalized) was classically
used to diagnose neonatal hypoglycemia. Clinical signs of
neonatal hypoglycemia include jitteriness, cyanosis, sei-
zures, apnea, tachypnea, weak or high-pitched cry, floppi-
ness, or lethargy, poor feeding, and eye rolling, many of
which may not be appreciable under anesthesia, which may
delay or obscure diagnosis. Further confounding the
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diagnosis, blood glucose concentrations as low as 30 mg/dL
are common in healthy neonates at 1-2 h after birth. There is
no strict consensus regarding when screening for hypo-
glycemia should occur or what serum glucose level would
require intervention in asymptomatic patients [7]. A reason-
able practice would be to administer exogenous glucose
(D10 W infusion of 80–100 ml/kg/day, or 2 mL/kg of
D10 W) for symptomatic patients with serum glucose levels
of <40–45 mg/dL and asymptomatic patients with serum
glucose levels <35–40 mg/dL.

Neonatal hyperglycemia is also common in premature
infants, estimated to occur in more than 50% of ELBW
infants. Deceased insulin production, exogenous dextrose
infusions, perinatal steroid exposure, and the use of par-
enteral nutrition are thought to be contributing factors to the
development of neonatal hyperglycemia. It is defined as a
serum glucose levels >150 mg/dL, and has been associated
with increased morbidity related to intraventricular hemor-
rhage (IVH), retinopathy of prematurity (ROP), potential
neurodevelopmental delays, and death. When compared to
liberal glycemic control (BGC 8–10 mmol/L), tight gly-
cemic control patients (BGC 4–6 mmol/L) had no change in
mortality but increased risk of hypoglycemic episodes [8].
Reasonable management would therefore include an insulin
infusion at 0.01 units/kg/min and appropriate titration to
achieve liberal glycemic control.

11. How does prematurity impact renal function?

The premature infant has underdeveloped kidneys and
decreased renal function secondary to fewer overall
nephrons and smaller glomerular size. During the first
40 days of life, premature infants are at significantly
increased risk for renal injury secondary to low cardiac
output, hypotension, and nephrotoxic drugs, as it is within
this period of time that glomeruli continue to form postna-
tally. As a result of renal immaturity, plasma creatinine
levels are often elevated initially and decline over the first
3 weeks of life. Hyponatremia may also occur in premature
infants, with severity correlating to degree of prematurity.
This is the result of reduced proximal tubular reabsorption of
sodium and water, and reduced overall renal hormonal
responsiveness [2].

12. What is necrotizing enterocolitis (NEC)? How does it
present? Is this patient at risk for NEC?

NEC is a life-threatening condition that involves
abdominal distension, ileus, and potential intestinal perfo-
ration. Its occurrence is inversely proportional to gestational
age, with an estimated incidence of 5–10% in ELBW pre-
mature infants. As such, the patient presented above would

be at risk for the development of NEC. The pathogenesis of
NEC is incompletely understood, although etiologies
implicated include intestinal immaturity, intestinal mucosal
ischemia, abnormal microbial colonization secondary to
antibiotic therapy, highly immunoreactive intestinal mucosa,
gastric alkalinity, and low systemic cardiac output.

Clinical presentation includes feeding intolerance,
abdominal distention with increased work of breathing from
abdominal competition for diaphragmatic excursion,
lethargy, temperature instability, with subsequent develop-
ment of hypotension, sepsis, coagulopathy, and multisystem
organ failure. The onset of NEC can be subdivided into early
and late onset. Early onset is more common in premature
infants with birth weights >1000 g, and typically occurs
within the first 7 days of life. Late onset is more common in
premature infants with birth weights <1000 g and typically
occurs after 4 weeks of life [9].

13. How do you diagnose and treat NEC?

Diagnosis is largely clinical, and supported by the classic
radiographic findings of gas in the intestinal wall (pneu-
matosis intestinalis) and biliary tract, as well as free air
within the abdominal compartment. The degree of radio-
graphic findings in the context of clinical suspicion are
known as Bell’s Classification, and can help determine the
severity of NEC:

• Bell’s Stage I: Ileus
• Bell’s Stage II: Pneumatosis intestinalis
• Bell’s Stage IIIa: Pneumatosis intestinalis + systemic

illness
• Bell’s Stage IIIb: Pneumatosis intestinalis + systemic

illness + perforation

Treatment may be medical and/or surgical. Medical
therapy is centered on appropriate antibiotic management,
fluid resuscitation, and bowel rest. Extreme premature
infants are more likely to fail conservative therapy, requiring
surgical intervention, which carries mortality rates of up to
50%. Definitive surgical therapy involves laparotomy, peri-
toneal drain placement, and/or resection of necrotic bowel.

14. Are premature infants at risk for any neurologic
complications? What is intraventricular hemorrhage
(IVH)?

Premature infants are at risk for both immediate perinatal
neurologic complications, as well as long-term neurodevel-
opmental abnormalities. Intraventricular hemorrhage
(IVH) is hemorrhagic rupture of the endothelial lining of
immature vessels within the germinal matrix secondary to
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venous stasis, which typically occurs within the first few
weeks of life. IVH is often complicated by hydrocephalus
secondary to post-hemorrhagic adhesive arachnoiditis. Risk
factors for the development of IVH include prematurity,
early sepsis, severe hypo/hypercapnia, need for mechanical
ventilation, use of vasopressor infusions, and rapid fluctua-
tions in cerebral blood flow, cerebral blood volume, or
cerebral venous pressure.

IVH grade is based on the degree of hemorrhagic
extension into the ventricular system on evaluation by head
ultrasound:

• IVH Grade I: hemorrhage limited to the germinal matrix
• IVH Grade II: hemorrhage extending into the ventricular

system
• IVH Grade III: hemorrhage extending into the ventricular

system with associated ventricular dilation
• IVH Grade IV: hemorrhage extending beyond the ven-

tricular system into brain parenchyma

Patients with severe IVH (grade III or IV) have more
episodes of apnea crisis, hydrocephalus, periventricular
leukomalacia, and longer hospital stays compared to pre-
mature infants without IVH. In addition, regardless of grade,
premature infants with evidence of IVH display poorer
neurodevelopmental outcomes long-term compared to those
without IVH [10].

Only an estimated 25% of ELBW infants have normal
neurologic development by 5 years of age, with develop-
mental disabilities such as cerebral palsy, cognitive deficits,
behavioral abnormities, hearing or visual impairment, and
lower verbal and IQ performance scores being commonplace
[11, 12].

15. What is retinopathy of prematurity (ROP)? Is this
patient at risk for developing this? Is there any way
to reduce the risk of developing ROP?

ROP results from damage of the spindle cells in the retina
with the potential to cause permanent retinal scarring and
visual impairment. It occurs in approximately 50% of
ELBW premature infants, with the incidence being inversely
proportional to both birth weight and gestational age. As
such, this patient would be at significant risk for the devel-
opment of ROP. The pathogenesis is not completely
understood, but fluctuations in arterial oxygenation, and
exposure to bright light have been implicated as contributing
factors, resulting in a combination of hyperoxic vasocon-
striction of retinal vessels, induction of vascular endothelial
growth factor, and free radical injury to the retina. To
decrease the risk of developing ROP, it is recommended to
minimize FiO2 concentrations to maintain oxygen

saturations between 90 and 95%, which may limit the
development of oxygen free radicals and diminish the effect
of hyperoxic vasoconstriction of retinal vessels [2].

16. Is the patient’s hematocrit of 29% and platelet count
of 46 k normal given this patient’s age and size?
Would you transfuse this patient preoperatively?

The ideal hematocrit for premature infants remains con-
troversial, however, a hematocrit of 29% is certainly low for
any neonate at 7 days of life, regardless of prematurity. In
addition, hematocrits <30% may increase risk for the
development of postanesthetic apnea. It is reasonable to try
to maintain a goal hematocrit of 44–48% in premature
infants, to improve tissue oxygen delivery in the setting of
reduced oxygen saturation and decreased cardiac output. In
studies that look at liberal (HCT 46%) versus restrictive
(HCT 34%) transfusion management in ELBW and LBW
premature neonates, restrictive transfusion management was
associated with increased incidence of intraparenchymal
brain hemorrhage, periventricular leukomalacia, and apnea
[13]. Therefore, it would be appropriate to transfuse this
patient preoperatively.

The incidence of thrombocytopenia (PLT <150 k) is
greater than 70% in ELBW premature neonates. The etiol-
ogy is thought to be multifactorial including early onset
infection, thrombi, DIC, and severe hemorrhage [14]. New
onset thrombocytopenia is an indication for head ultrasound
to evaluate for possible intracranial hemorrhage. It is con-
sidered reasonable practice to transfusion platelets preoper-
atively in the setting of clinical bleeding and PLT <100 k, or
for prophylaxis against bleeding with PLT <50 k in patients
with prematurity or other significant risk factors for
intracranial hemorrhage [9].

17. How does temperature regulation differ in premature
infants?

Premature infants lose heat by the usual four mechanisms
of heat transfer: radiation, conduction, convection, and
evaporation. They are however, at significantly increased
risk of hypothermia, as insensible fluid loss and evaporative
heat loss are markedly elevated secondary to a
keratin-deficient epidermis layer, rending the skin “semi
water-permeable” [2]. Conductive and convective heat loss
are also increased because there is little soft tissue and fat for
insulation and a large surface area to mass ratio.

The main mechanism of thermogenesis in premature
infants, like term infants, is non-shivering thermogenesis by
brown fat. Brown fat comprises 2–6% of a premature
infant’s body weight, and is located between the scapulae,
mediastinum, nape, and surrounding the kidneys and adrenal
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glands. The mechanism of brown fat thermogenesis is by
uncoupling protein resulting in oxidation of food to heat
rather than energy-rich phosphate bonds [9].

Premature infants may have intact thermoregulatory
systems, however may still demonstrate temperature insta-
bility secondary to a more narrow control range than term
infants or adults. Thermoregulation in the face of
hypothermia, in particular thermogenesis, occurs at the
expense of oxygen consumption, and may impair growth
and development of premature infants compared infants that
remain thermoneutral [15].

To optimally maintain normal temperature ranges in
premature neonates, transport to the operating room should
occur in a double-walled transport incubator if available.
Otherwise, the infant should be covered with Saran Wrap, a
warm blanket, and importantly, a hat. There is evidence that
the use of a 3-layer hat significantly decreases oxygen
consumption and extends the thermal range in nude VLBW
premature infants when placed in a cool environment [9].
The operating room should be preemptively warmed to 78–
80 °F, with overhead heating lamps and hot air mattress
established.

18. How does the anesthetic requirement of premature
infants differ from those of an adult?

Premature infants have an underdeveloped CNS,
increased circulating concentrations of progesterone and
beta-endorphins, with resultant decreased requirement in
volatile minimum alveolar concentration (MAC) compared
to that of an adult. Cardiovascular depression is increased in
response to volatile anesthetic exposure secondary to greater
myocardial depression and reduced peripheral response to
catecholamines. In addition, the baroreceptor reflex is often
poorly developed in premature infants and further blunted by
volatile agents [3]. These patients are, therefore, at increased
risk for anesthetic overdose and cardiovascular collapse.

19. Is it ideal to utilize an intentionally “light anesthetic”
technique in premature infants in order to prevent
hemodynamic instability?

A “light anesthetic”maydecrease the risk of cardiovascular
collapse. However, such a technique may also result in
undesirable, and deleterious intracranial complications. Pre-
mature neonates lack the capacity for cerebral autoregulation,
and abrupt increases in systemic perfusion pressure from
inadequate depth of anesthesia may be transmitted directly to
the cerebral circulation. Fluctuations in cerebral circulation
have been implicated in the development of intraventricular
hemorrhage. Therefore, an intentionally “light anesthetic”
would not be ideal for this patient population.

20. Would a narcotic/paralytic anesthetic technique be
useful in this premature patient?

Fentanyl and other opioids possess excellent analgesic
and moderate sedative properties. They do not however,
produce reliable amnesia, and therefore are rarely if ever
used as an anesthetic technique in children or adults. The use
of fentanyl as an anesthetic has been justified in premature
neonates because of the immaturity of the central nervous
system. These patients are deemed inherently amnestic by
properties of age and degree of CNS immaturity. It is
therefore reasonable to use a narcotic/paralytic anesthetic
technique for this patient. Premature neonates that receive
fentanyl IV in doses of 30–50 mcg/kg do not have signifi-
cant tachycardia or hypertension in response to thoracotomy
when undergoing PDA ligation, and therefore are felt to
have adequate levels of anesthesia to prevent blood pressure
fluctuations associated with intracranial morbidity. In addi-
tion, in preterm VLBW neonates, systemic blood pressure
reductions of less that 5% occur with this technique when
used to preform a PDA ligation, and is therefore viewed as a
hemodynamically stable anesthetic option in patients at risk
for cardiovascular instability [2].

21. What monitors and vascular access would be neces-
sary for this patient during the proposed PDA liga-
tion procedure? Why?

Often these patients will come with indwelling umbilical
vein (UVCs) and/or umbilical artery catheters (UACs). If
these catheters are placed properly, they are appropriate for
use during this procedure. Confirmation of appropriate line
placement should always be completed by radiographic
review prior to use intraoperatively, as these lines are
notorious for migrating to undesirable locations with unto-
ward complications if missed. The ideal location for a UVC
is in the cephalad portion of the IVC, however, they are
easily misplaced in the portal veins, and splenic veins.
Known complications associated with indwelling and newly
placed UVCs include hepatic hematoma, intravascular
thrombi, intimal injury, atrial perforation, pericardial effu-
sion, and intra-peritoneal migration [16]. Ideal location for
UACs may be either above the diaphragm at between T6 and
T9 or just above the aortic bifurcation between L3 and L5;
above the diaphragm placement has been associated with
fewer vascular complications, reduction in aortic thrombus,
and longer catheter lifespan [16].

If central access is not available, this case can be pre-
formed with peripheral access alone. The PDA lies in close
proximity to the aorta and pulmonary artery and therefore
potential brisk and abrupt bleeding may occur. Thus, intra-
venous access should be adequate to allow for rapid volume
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resuscitation if the need arises. Pack red blood cells should
be immediately available for transfusion. If arterial access is
not readily available, proceeding with noninvasive blood
pressure monitoring would be reasonable. Mean gradient
comparison between the right upper extremity (pre-ductal
pressure), and systemic pressure on any other limb
(post-ductal pressure) should be noted. Pulse oximeter
placement should occur in both pre- and post-ductal loca-
tions as well. This will help confirm appropriate surgical
clamp placement on the correct vascular structure prior to
definitive ligation [2]. Upon successful PDA ligation, sys-
temic diastolic and mean pressures should increase; loss of
post-ductal pulse oximeter output could indicate uninten-
tional aortic ligation and warrants immediate attention.

22. During surgical dissection there is a precipitous
decline in oxygen saturation from 94 to 80%, with
associated bradycardia, what is the likely etiology?
How would you manage this event?

Premature neonates are prone to the development of
hypoxemia secondary to poorly compliant lungs, diminished
FRC, atelectasis, poor V/Q matching, and risk for endotra-
cheal tube occlusion by secretions and/or blood. In addition,
surgical compression on the lungs may be an important
contributing factor to consider, particularly with sudden
intraoperative changes in oxygen saturation. PDA ligation is
completed by left thoracotomy approach with ipsilateral lung
retraction. This results in an increase in pulmonary resistance
and decrease in pulmonary compliance, often leading to a
moderate degree of hypoventilation with secondary hypox-
emia and bradycardia [3]. The patient should be managed
with cessation of surgical manipulation, and manual
re-recruitment on transient 100% inspired oxygen.

As a result of these complex cardiopulmonary dynamics,
as well as what is often a high dose narcotic/paralytic
anesthetic technique, these patients are left intubated and
transported to the neonatal intensive care unit (NICU) to
allow for stabilization of cardiopulmonary physiology and
anesthetic clearance.

23. How can you minimize the risk of insult to the pre-
mature infant at the conclusion of this surgical pro-
cedure and on transport to the neonatal intensive
care unit?

Removal of drapes at the conclusion of surgical proce-
dures involving premature infants should occur with even
greater caution than with term infants of children. These
infants are often so small that their location on the operating
room table can be challenging to identify under drapes.
Inadvertent dislodgement of endotracheal tube, and/or

venous or arterial catheters may occur with removal of
drapes. Thus, an additional degree of vigilance is warranted
at this time. Continuous monitoring should occur on trans-
port to the NICU with monitors used intraoperatively, and
transit time should be minimized. Proactive approaches to
maintaining a thermoneutral state should be performed with
utilization of a heated isolette, plastic wrap, warm blankets,
and a hat. In order to avoid consequences of hyperoxia in
premature infants, transport should occur by bag-mask
ventilation or mechanical ventilator with minimal inspired
oxygen concentrations to maintain adequate oxygen satura-
tion. Conclusion of the anesthesiologist’s responsibilities
occurs when care has been appropriately transferred to the
NICU care team [3].
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59Trauma Anesthesia

Kevin Handy

Trauma is the number one cause of death for individuals less
than 45 years old in the United States, and the fourth leading
cause of death across all ages. This tremendous impact is felt
in both the millions of years of lives lost nationally, as well
as the greater than $100 billion in annual medical expenses
[1]. Anesthesiologists are often called to help manage the
difficult airway when a new trauma patient arrives, to
manage the critically injured in the operating room and
stabilize that patient in the intensive care unit. Familiarity
with trauma evaluation and management gives the trauma
patient the best chance of survival.

As experts in managing airways, obtaining vascular
access, resuscitation and pain management, anesthesiologists
are uniquely positioned to help care for trauma patients.
From their arrival in the emergency department, through
both the operative and post-operative phase in the ICU,
anesthesiologists play a critical role in their management.

CASE
A 45-year-old male helmeted motorcycle driver, who

presents to the ED after head-on collision with automobile.
Reportedly traveling 35 mph, when suspected drunk driver
of automobile collided with motorcyclist. He was found
25 feet from the scene, where the GCS was reportedly 13.
Upon arrival to the emergency department, his mental status
deteriorated and he was intubated for airway protection.

Medications: oxycodone 5–10 mg prn

Lisinopril

Atorvastatin

(continued)

Allergies: none

Past Medical History: Chronic low back pain

Hypertension

Hyperlipidemia

Physical Exam:

Neuro—GCS 8; pupils with sluggish response to light

Cardiovascular—Tachycardic with muffled heart sounds;
no discernible murmurs

Pulmonary—Diminished breath sounds in left hemithorax

Gastrointestinal—bowel sounds present; abdomen soft,
unable to determine if pain with palpation

Genitourinary—small amount of blood after Foley catheter
placement

Skin—multiple abrasions on face, bruising apparent over
sternum, multiple superficial abrasions on bilateral lower
extremities

(1) What are the key features of the “prehospital” phase
of ATLS?

The prehospital phase involves the arrival of emergency
services, the securing of the scene, and mobilization of
affected parties. A critical portion of this phase is identifi-
cation of the closest hospital facility with adequate resour-
ces, so in-house trauma teams can mobilize and be present as
the patient(s) arrives. Stabilization of the patient is one of the
main goals of this period. Airway control, identification, and
slowing of external bleeding and immobilization are crucial
first steps while minimizing “scene” time. If possible, a brief
history of the patient and surrounding events should be
obtained. The timing and mechanism of the injury can be
critical in later identifying injuries that may not be imme-
diately present [2].
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(2) What are the key features of the “hospital” phase of
ATLS?

Assuming proper notification of the appropriate parties,
the trauma services should be available and waiting for the
patient in a dedicated trauma bay. All necessary equipment
should be available and tested for efficacy prior to arrival,
including airway equipment, warmed fluids, and protective
equipment for providers. Once the patient arrives, the team
should immediately proceed to the primary survey [2].

(3) What is involved in the primary survey of a trauma
patient?

The primary survey follows the “ABCDE” rules. Airway
examination should begin by attempting to have the patient
speak. If able to phonate without distress, their airway likely
is not imminently life threatening. Suction and inspection for
potential obstruction or foreign items should be done
promptly. Stabilization of the cervical spine is often neces-
sary during airway manipulation as trauma patients with
multisystem injuries have a potential cervical spine injury.
Repeated assessment is key, as the airway can be lost at any
point, especially with waxing/waning mental status. If a
patient has a GCS score of <8, then endotracheal intubation
is likely needed.

Breathing effectively cannot be assumed just because an
airway is patent. Proper gas exchange is impaired by rib
fractures, pneumothoraces, hemothoraces, etc., which should
be identified on primary survey. Circulation broadly covers
hemodynamic assessment. Hemorrhage is the predominant
cause of preventable death after traumatic injury [2].
Assessment of circulatory status first involves determining
level of consciousness, skin color, and pulse strength.
Bleeding can be obvious at visible external sites, or inter-
nally in harder-to-assess compartments, such as the
retroperitoneum. Rapid external bleeding should be con-
trolled with direct pressure and/or a tourniquet, keeping the
risk of potential ischemia in mind. Most likely areas of rapid
hemorrhage include chest, abdomen, retroperitoneum, and
pelvis.

The primary survey continues to examination of potential
neurologic disability. Establishing a level of consciousness
with a GCS score, and frequent reassessment can help guide
potential subsequent therapies (e.g., Need for intubation,
head imaging, etc.). Exposure and Environmental control
involves completely undressing the patient, and removing
any hazardous materials from their presence. Cutting off
garments is frequently necessary, and providers should be
mindful of subsequent hypothermia during examination.

(4) What is the most rapid way to assess a patient on
arrival?

Simply asking a patient their name and having them
explain what happened can give the providers many clues as
to their physical and mental stability. Phonation without
distress gives some assurance that the airway and breathing
status of the patient are not immediately compromised. Their
ability to think and process recent events is a good sign that
circulation and perfusion are at least adequate, and neuro-
logic disability becomes less likely. It is essential to fre-
quently reassess the patient, as any of these systems may fail
rapidly and without obvious prodromes.

(5) What is the Secondary Survey? When should it
begin?

The secondary survey should begin once the primary
exam is complete, and appropriate measures have been
made to stabilize the patient’s vital signs. It involves a more
detailed assessment of the patient from head to toe, with
necessary imaging also being performed. Reassessing the
GCS is an important first step, as it may change rapidly after
initial examination. A full physical exam should then take
place, and proper imaging should be ordered (plain films,
CT, MRI, etc.). A FAST (Focused Assessment with
Sonography for Trauma), a four-view (RUQ, LUQ, Supra-
pubic, Pericardial) focused ultrasound exam able to detect
fluid in the abdomen or pericardium, may be performed at
this time [3].

During the physical exam, a thorough history of the patient
and surrounding events should be taken. This may not always
be possible, and questions may need to be directed toward
family members, friends, and witnesses at the scene. The
mnemonic AMPLE is a useful tool for providers. Allergies
should be identified, with emphasis on those that cause
life-threatening side effects. Any medications used by the
patient should be identified, and may be a clue to underlying
chronic illness. Past Illness/Medical history is obviously
critical information, as is potential pregnancy status for female
patients. When the patient had his/her last meal is important
especially during airwaymanipulation, as aspiration is always
a grave concern with trauma patients. Finally, the events and
environment surrounding the injury are of utmost importance.
As stated above, the differential for underlying critical injuries
changes with the type of impact or exposure the patient was
subjected to. If he or she were exposed to potential toxins,
providers should be made aware as soon as possible for their
own protection, as well as anticipation for potential future
patients [2].
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It is critical to remember that patients should only be sent
off the floor for radiological imaging once they are stable, as
further resuscitative measures are hampered in environments
not suited to them.

(6) When should a cricothyroidotomy be
considered/performed?

A cricothyroidotomy should be considered and planned
for whenever the trauma team anticipates a potentially dif-
ficult or impossible airway. Any damage to a patient’s
head/face/neck should clue in providers to a potentially
difficult intubation. The actual procedure is performed when
intubation is unsuccessful, and a definitive airway is needed.
The ability to mask ventilate a patient provides the trauma
team time to use other noninvasive or invasive airway
equipment to secure the airway. The situation of “cannot
intubate and cannot ventilate” is when an emergent
cricothyroidotomy is must be performed as a surgical airway
is the ultimate step in all failed pathways of the difficult
airway algorithm.

(7) What are some of the complications of a surgical
cricothyroidotomy?

Procedure failure is the most feared of the many potential
complications. Passage of the airway device into a false
lumen is indicated by inability to detect end tidal CO2,
subcutaneous emphysema, and failure to see adequate chest
rise. Other complications include aspiration of blood into the
airway, laceration of trachea or esophagus, vocal cord injury,
and hematoma or hemorrhage. Confirmation of successful
airway placement is confirmed by: direct bronchoscopic
visualization, consistent end tidal CO2 waveform, and vital
signs indicative of adequate ventilation [2].

(8) What is shock?

It is often quoted as a systolic blood pressure less than
90 mmHg, or mean arterial pressure less than 60 mmHg.
A more accurate description is a state of global hypoper-
fusion, resulting in multiple sites of end organ damage,
while being resistant to initial means of resuscitation. The
most common form of shock seen in trauma settings is hy-
povolemic shock, usually from hemorrhage. ATLS classi-
fies shock as I-IV, based on heart rate, blood pressure, and
mental status parameters [2]. The details of classification
will be discussed later.

(9) What are the major types of shock?

Hypovolemic shock is most often due to hemorrhage in
trauma patients. Low circulatory volumes lead to a com-
pensatory increase in heart rate to maintain cardiac output,
which is hampered by low preload. Hypovolemic shock is
treated with replacement of fluid and/or blood, depending on
the clinical scenario. This is the most common cause of
preventable death in trauma patients.

Cardiogenic shock is due to heart or “pump” failure,
where delivery of oxygen is compromised by poor cardiac
output, leading to a low mixed venous saturation (<70%).
Reactive increases in both heart rate and SVR can actually
worsen cardiovascular function. This is treated with ino-
tropic medications, such as epinephrine, dopamine, and
dobutamine. If these therapies fail or are deemed inadequate,
an intraortic balloon pump can help augment cardiac output
and coronary vessel perfusion.

Both hypovolemic and cardiogenic shock, if left
untreated, can progress to the third major class of shock:
Distributive. This is characterized by higher than normal
cardiac output, low SVR, and high mixed venous saturation
(>70%). It is most commonly caused by septic shock, ana-
phylaxis, and neurogenic shock. It is a common endpoint if
treatment for either hypovolemic or cardiogenic shock is
delayed or inadequate [2].

(10) What are the classes of hemorrhage and how are
they identified?

Estimated blood volume for adults: Male—70 mL/kg,
Female 60 mL/kg, Children 80–90 mL/kg.

Class 1 → up to 15% volume loss. Values similar to blood
donation. HR typically less than 100, and can
easily be replaced with crystalloid.

Class 2 → 15–30% volume loss. Heart rate typically 100–
120 bpm. Systolic pressure still usually main-
tained by increased blood vessel constriction.

Class 3 → 30–40% volume loss, often quoted as 1.5–2L
lost. Heart rate typically greater than 120 bpm,
with decreases in systolic blood pressure and
mental status changes. This stage usually neces-
sitates blood and/or crystalloid replacement.

Class 4 → Greater than 40% volume loss. Urine output
becomes negligible. Mental status and vital signs
severely impaired, with emergent need for blood
repletion [2].
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(11) What are the signs and symptoms of a tension
pneumothorax?

A high degree of suspicion is needed with chest wall
trauma (bruises, cuts and/or chest pain) along with hemo-
dynamic instability. Identification and treatment should be
done during the primary survey, and should not be delayed
for imaging. Tension pneumothorax is a clinical diagnosis. If
there are no clear external signs of chest wall injury, a
thorough physical exam is key to identification. The patient
may complain of breathlessness or air hunger, and will likely
present with absent breath sounds over the affected
hemithorax, deviated trachea, tachycardia, hypotension, and
eventual desaturation [2]. Pneumothorax can also be diag-
nosed with sonographic examination of bilateral hemitho-
races as part for the Extended FAST (Focused Assessment
with Sonography in Trauma) exam or E-FAST.

(12) How should a tension pneumothorax be treated?

Rapid decompression is key to restoring hemodynamic
stability. A large caliber (14 g) needle should be inserted at
the mid-clavicular line between the 2nd and 3rd rib spaces.
Using an 8-cm needle has a >90% chance of reaching the
pleura, while a standard 5-cm needle is less than 50% [2].
A chest tube placed on the affected side is the definitive
therapy, and can be placed first if readily available.

(13) What are the signs and symptoms of pericardial
tamponade?

It occurs most commonly with penetrating trauma, but
also seen with significant blunt force. Hemodynamic insta-
bility is usually seen with rapid accumulation of fluid into
the fixed fibrous pericardial space. Even a small amount of
fluid, if accumulated quickly, can cause hypotension.
Patients with chronic, slow accumulation of fluid, a chronic
pericardial effusion, may not have drastic hemodynamic
changes early on.

The classic Beck’s Triad of symptoms: elevated venous
pressure, muffled heart sounds and arterial hypotension can
be unreliable. A FAST (Focused Assessment with Sonog-
raphy in Trauma) exam, with subxiphoid pericardial win-
dow, is the best method to rapidly diagnose (90–95%), and
should be done during the primary survey if clinically
indicated. If the effusion is large enough, electrical alter-
nans may be seen on ECG [2].

(14) How is pericardial tamponade treated?

If hemodynamically significant, pericardial tamponade
should be treated prior to induction of general anesthesia, as

induction could lead to cardiac arrest through myocardial
depression by anesthetic agents and by the decrease in venus
return from positive pressure ventilation. Pericardiocentesis
is both diagnostic and therapeutic therapy. However, a failed
aspiration may be seen if blood is already clotted in the
pericardial sac. Once stable enough to proceed to the OR, a
pericardial window or pericardiotomy may ultimately be
necessary if fluid/blood continues to reaccumulate.

(15) What is the classic “lethal triad” of trauma
patients?

The lethal triad is classically described as hypothermia,
acidosis, and coagulopathy. It is the close interplay of these
factors that lead to exsanguination, and eventually death in
trauma patients [4]. The causes of hypothermia in a trauma
patient are multifactorial. Prolonged exposure time in the field,
rapid infusionof coldfluids, and thevasodilating/coolingeffects
of general anesthesia are all contributing factors. Damaging
clinical effects of hypothermia are often seen in the resultant
coagulopathy. Cold temperatures impede platelet adhesion and
dysregulate the coagulation factors and enzymes. This may not
be evident on common testing parameters, as the blood samples
are often warmed to physiologic temperatures [5].

Acidosis in the trauma patient is often due to a state of
global hypoperfusion—defined as shock. Without adequate
delivery of oxygen, cells turn to anaerobic metabolism and
production of lactate. The resultant decrease in pH can also
further disrupt the coagulation cascade and other
protein-based enzymes. Along with the aforementioned
causes, coagulopathy can result from a number of complex
factors. One of the most common is attributed to dilution of
intrinsic factors by fluid resuscitation. Studies have shown a
correlation between increasing amounts of crystalloid
administered with higher incidence of coagulopathies [6].

(16) What is Damage Control Resuscitation?

Damage Control Resuscitation (DCR) is a systematic
approach to the trauma patient with severe injuries, starting in
the emergency room and continuing through both operative
and post-op management in the intensive care unit. It
encompases damage control surgery and its tenants of tem-
porizing surgical hemorrhage and gastrointestinal spillage as
well as principles of balanced resuscitation [7]. Themajor goal
of balanced resuscitation is prevention and immediate cor-
rection of coagulopathy, and minimizing use of crystalloid
fluids. It was developed to achieve the following goals [8]:

– Treat intravascular volume deficits
– Correct the acute coagulopathy of trauma
– Preserve oxygen-carrying capacity
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– Repair the endothelium
– Prevent dilutional coagulopathy

DCR was codified by the US Department of Defense in
2004, and has been standard of care in battlefield scenarios
ever since. It has also since been implemented in many
civilian trauma centers, and has been associated with
improved outcomes compared with more traditional trans-
fusion practices [9].

(17) What is the Monroe-Kellie Doctrine?

It states that the total volume of the intracranial space
must remain constant, due to the rigidity of the skull. Three
components (blood, brain tissue, csf) make up the normal
intracranial space. When a disruption occurs, such as a
hemorrhage or mass, the brain attempts to compensate by
decreasing the amount of CSF and/or lowering cerebral
blood flow (CBF). If a traumatic injury results in a rapid
change that exceeds the brains ability to compensate, then an
exponential increase in intracranial pressure (ICP) is seen,
with eventual herniation of brain tissue without intervention
[2].

(18) What are some medical therapies used to decrease
intracranial pressure?

In the past, prolonged hyperventilation was frequently
used to help decrease ICP, by means of cerebral vasocon-
striction, with PaCO2 levels between 20 and 25 often being
the target. However, aggressive and prolonged hyperventi-
lation may lead to secondary brain injury via cerebral
ischemia [2]. As a result, hyperventilation should only be
used in moderation for a limited period of time.

Mannitol and hypertonic saline (3 and 23.4%) are
hyperosmolar solutions used to lower the interstitial volume
of brain tissue, by increasing osmotic pressure of the blood
vessels. There is no difference in their ability to lower ICP,
but caution should be used when administering both medi-
cations. Mannitol may cause a transient increase in BP and
ICP before the osmotic effect takes place, and rapid infusion
of hypertonic saline can cause a vasodilatory response.
Barbiturates may be effective at reducing ICP refractory to
other measures. They are not indicated in the acute resus-
citation phase, as they may also cause hypotension [2].

(19) What are the classifications of traumatic brain
injury?
Mild—GCS 13–15
Moderate—GCS 9–12
Severe—GCS 3–8

(20) When should the provider suspect inhalational
injuries in a burn situation?

Airway protection should be the first priority of providers
in a patient with burn injuries. The mucosa of the orophar-
ynx is friable and extremely susceptible to burns, and may
get rapidly worse after initial presentation. Once an inhala-
tional injury is suspected, preparations should be made to
transfer the patient to a burn facility, with securing the air-
way prior to transportation given strong consideration.
Potential signs and symptoms of an inhalation injury are as
follows [2]:

– Face and/or neck burns
– Singeing of the eyebrows and nasal passages
– Carbon deposits in the mouth/nose, or carbonaceous

sputum
– Acute inflammation of the oropharynx
– Hoarseness
– History of impaired mentation, or known confinement in

a burning building
– Explosions with burns to head and torso
– Carboxyhemoglobin levels greater than 10% in a patient

involved in a fire

(21) How do you estimate the extent of burn injuries in
terms of body surface area (BSA)?

The Rule of Nines is a practical guide to determine the
extent of burn injury. In adults, the body is divided into
anatomic regions that represent 9% of the BSA, or multiples
of 9. The palmar surface represents 1% of BSA, including
the fingers:

Rule of 9’s for Adults: 9% for each arm, 18% for each
leg, 9% for head, 18% for front torso, 18% for back
torso

Rule of 9’s for Children: 9% for each arm, 14% for each
leg, 18% for head, 18% for front torso, 18% for back torso
[10].

(22) How do you calculate the fluid requirements for a
patient with burn injuries?

The Parkland Formula, proposed in 1974 and validated
in 2002, calculates the estimated fluid requirements for burn
patients in a 24 h period.

Fluid Requirements = TBSA burned (%) × Wt
(kg) × 4 mL

Half of the total requirements should be given in the first
8 h, with the second have given over the next 16 [10].
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(23) Do regional anesthesia techniques have a role in
trauma patients?

One of the major benefits of early utilization of regional
anesthetic techniques is profound pain relief, and decreased
need for intravenous opioids. As a result, patients are less
likely to suffer from respiratory depression, oversedation,
nausea/vomiting, and confusion. A properly performed
nerve block can also reduce the overall stress response.
Some literature even suggests that early use of regional
techniques has the potential to reduce the incidence and
severity of chronic pain, as well as PTSD [11].
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60Burns

Sara E. Neves

CASE:
71 years old 51 kg female presents to the emergency room

after being rescued from her burning apartment. She lives in a
basement apartment and was trying to cook when a grease fire
erupted. She has 35% second and third degree burns on her
neck, torso, and the upper extremities. Her eyebrows are sin-
ged off and she is breathing noisily. She presents for emer-
gency escharotomy of the right upper extremity.

Medications: Donepezil 10 mg

Lisinopril 5 mg

Allergies: NKA

Past Medical History:

Alzheimer’s dementia

HTN

Hearing impairment

Tobacco: 1 ppd smoker

Alcohol: none

Physical Exam:

VS: BP 101/
45 (63)

HR 119 RR 32 Oxygen saturation: 99%
on room air

General: moaning in pain, but able to respond to simple questions

Neuro: grossly moves all 4 extremities; unable to cooperate with
sensory exam

HEENT: soot covering face, eyebrows, nosehairs singed

CV: tachycardic, regular, and without murmur

Pulm: stridorous breathing, coarse breath sounds bilaterally

Extremities: circumferential burn on right upper extremity

Otherwise insignificant

Labs: Na 146 K 4.5 Cl 103 HCO3 15 BUN 31 Cr 1.09, ABG pH
7.21 pCO2 31 pO2 67 Hg 15 mg/dL Otherwise insignificant

1. How are burns classified?

Burns are classically described according to the skin layer
involvement; namely, as first, second, or third degree burns.
First-degree burns only involve the epidermis, are erythema-
tous without blistering, and are painful. Second-degree burns
involve the dermis; they are painful and are characterized by
blistering and edema in addition to erythema. Third-degree
burns involve all three layers of skin—epidermis, dermis, and
subcutaneous tissue—and appear white or charred and indu-
rated. These burns are painless as the nociceptive nerve end-
ings have also been burned away. A less commonly described
fourth-degree burn is a burn that involves not only the three
layers of skin but also the destruction of fascia, muscle, and
bone. First- and second-degree burns are also referred to as
partial-thickness burns while third- and fourth-degree burns
are full-thickness [1].

2. How is the extent of burns described? Are pediatric
burns measured in the same way?

The management and prognosis of the burn patient is
largely dictated by the extent of the burn, termed the Total
Burn Surface Area (TBSA). TBSA is approximated using
one of the several tools. The palmar surface area technique
uses the principle that the surface area of the patient’s palm
(including fingers) represents approximately 1% of the total
body surface area. This technique is reasonably accurate for
small burns, or in calculating the uninjured area in very large
burns and subtracting to get the large TBSA. The most
common technique, the Wallace Rule-of-Nines, describes
body part surface areas as multiples of 9 to approximate
TBSA (see Fig. 60.1). This technique is easy to use and
remember and is a good estimate of medium and large burns
in adults; however, it is not accurate in children, who have a
proportionally larger head and trunk surface area compared
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to extremities. The most accurate technique is use of a Lund
Browder chart, which takes into account the age of the
patient and involves a more detailed calculation of burn
surface area [2, 3].

3. Does this patient have a major burn?

The American Burn Association classifies a burn injury
as a major burn requiring transfer to a burn unit if it includes
any of the following criteria:

– Partial thickness (first or second degree) of more than
25% TBSA in adults (20% at extremes of age)

– Full thickness (third or fourth degree) of more than 10%
TBSA

– Burns (any TBSA) of sensitive areas: face, hands, feet,
perineum

– Inhalation burn injury
– Chemical burns

– Electrical burns
– Burns in patients with serious coexisting medical

conditions.

Therefore, yes, this patient has a major burn as described
by at least 2 criteria, >10% full-thickness burns and likely
inhalational injury [4].

4. What is the function of the skin?

The skin is the body’s first defense against the elements.
It protects our vital organs from physical damage, main-
tains normothermia, preserves homeostasis of fluid and
electrolytes, and is involved in vitamin D metabolism. It is
the first barrier to infection; a physical wall between
microorganisms outside and vulnerable tissues inside. The
skin is also the medium through which we perceive the
world using sensations such as touch, temperature, and
pain.

Fig. 60.1 a The rule of nines for estimating burn extent in adults. Reproduced from [21]. b Lund and Browder chart. Reproduced from [22]
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5. What are the major physiologic derangements after a
thermal injury?

The physiologic derangements seen after a thermal injury
are the direct result of a disruption in the skin functions
described above. Patients experience profound heat loss and
the resulting hypothermia can result in cardiac arrhythmias,
increased oxygen demand from shivering, and coagulopathy.
Large insensible fluid losses due to evaporation result in
fluid and electrolyte disturbances. Loss of skin surface area
leaves these patients exquisitely vulnerable to infection.
Damage to nerve endings in the skin makes burn pain severe
and difficult to treat.

Most importantly, the injury triggers a large inflammatory
response. It is not due to the tissue directly killed by thermal
injury but by the surrounding tissue which is damaged but
not dead. This damaged tissue produces local edema and
inflammation, which then drives a systemic inflammatory
response. It is this sublethally injured tissue that not only
causes the problems but is also most at risk of further injury
or death from poor perfusion or infection.

Local inflammatory mediators such as histamine, brady-
kinin, and prostaglandins, along with systemic mediators
such as interleukins, TNF, nitric oxide, and endotoxin result
in increased tissue permeability. Subsequently, a large
amount of fluid moves from the intravascular space to the
extravascular space in the wound, resulting in hemocon-
centration and intravascular hypovolemia, even in the setting
of extravascular volume overload. Intravascular volume
depletion triggers a profound anti-diuretic hormone response
resulting in low urine output or even anuria. This systemic
inflammatory response syndrome (SIRS) leads to multiple
organ failure, protein catabolism, and sepsis [5].

6. Discuss the differences between a thermal burn,
chemical burn, and electrical burn.

A thermal burn is caused by extremes of temperature
causing destruction of the skin layers. This can be due to
extreme heat or extreme cold; cold burn injury (frostbite) has
its own burn classification system yet can also be associated
with SIRS.

A chemical burn is caused by exposure to a corrosive
substance such as strong acid, strong base, or a vesicant.
They do not require heat and are sometimes not evident until
several hours to days after the exposure. They have a similar
classification to thermal burns, but treatment is further spe-
cialized depending on the offending agent. An additional
consideration is ensuring proper protection of the staff caring
for the patient to limit further exposure.

An electrical current transmitted through the body causes
an electrical burn. Often the only superficial sign of electrical

injury is local burn at the contact point; for example, burns
on the hands where they held high voltage wire. However,
the majority injury lies below the surface where electrical
energy is converted to thermal energy as the current
encounters resistance of various tissues in its path. In addi-
tion, damage to the heart makes it vulnerable to malignant
arrhythmias [3].

7. What are the effects of burn injuries to the respira-
tory system?

There are several different ways in which thermal injury
can affect the respiratory system. Direct injury to the upper
airway can quickly lead to complete airway obstruction.
Even less severe injury can result in local swelling that can
obstruct the airway. Inhalational injury—breathing in
smoke, steam, or other noxious products of combustion—
can cause both thermal and chemical damage to the smaller
airways, causing significant shunting and hypoxemia. Fur-
thermore, smoke inhalation can lead to carbon monoxide
poisoning, cyanide poisoning, and other toxin exposures
which vary depending on products of combustion. This can
directly damage pulmonary tissues as well as decrease
oxygen delivery.

Finally, the increased vascular permeability of SIRS
predisposes these patients to Adult Respiratory Distress
Syndrome (ARDS), which can be profound and difficult to
treat due to these patients’ high fluid requirements.

8. What are the cardiovascular effects of a burn injury?

The initial and rapid sequestration of fluid to the burned
area results in a hypovolemic shock. The drop in intravas-
cular volume is translated to a decrease in preload and car-
diac output drops. As a result, catecholamine release triggers
vasoconstriction to preserve central circulation, but this
comes at a cost of ischemia to other organs such as brain,
bowel, and kidneys. In addition, acidosis from carbon
monoxide poisoning or hypoperfusion can directly depress
cardiac function. Furthermore, hypothermia and electrolyte
abnormalities from fluid shifts can predispose the heart to
ectopy [5, 6].

9. What are predictors of mortality in burn patients?
Discuss the prognosis of this patient.

Mortality in burn patients is directly related to the TBSA.
In adults, age also directly correlates with mortality. In all
patients, the presence of inhalational injury dramatically
increases mortality, as do coexisting medical conditions.

Our patient is 71 years old with 35% TBSA and inhala-
tional injury. Furthermore, she may have underlying COPD
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resulting from her heavy tobacco use. She also appears to
have some degree of renal impairment as a Cr 1.09 is
inappropriately high for someone of her age. Therefore, her
mortality from this burn injury would be quite high. Burn
centers have long used a Baux score, defined as age + TBSA
to gauge mortality from an injury. Injuries with Baux scores
greater than 140 were thought to be unsurvivable. However,
treatment of these injuries has improved over the years and
many advanced burn centers now associate a Baux score of
140 with about 50% mortality [7]. A modified Baux score
has been developed which takes into account the presence of
inhalational injury, which adds about 17 years (or 17%
TBSA) to the Baux score. Therefore our patient’s Baux
score would be

Age ð71ÞþTBSAð35Þþ Inhalational injuryð17Þ ¼ 123;

which is survivable by definition, but would be with a rel-
atively high mortality [8].

10. What is the most common cause of death for the
burn patient?

The most common early cause of death is asphyxiation
from airway obstruction due to smoke inhalation. These
patients usually do not survive to be admitted to the hospital.
After this early period, the most common cause of death is
sepsis; in developing countries hypovolemic shock remains
an important cause of mortality [8, 9].

11. How will you resuscitate this patient? What fluids
should you use?

The current standard of care for resuscitation uses the
Parkland formula to guide fluid administration:

For the first 24 h, 4 ml/kg/% TBSA of lactated Ringer’s
solution should be administered; half of the total solution
given in the first 8 h, the other half given over the next 16 h.
Additional crystalloid given as needed to maintain urine
output at 0.5–1.0 ml/kg/hr. For the next 24 h, 5% dextrose
in water can be given to maintain serum sodium in normal
range (135–145 mEq/L) and colloid may be given at a range
of 0.3 ml/kg/% TBSA for patients with 30–50% burn. Urine
output should still be maintained between 0.5 and
1 ml/kg/hr.

Vasopressors and inotropes to maintain blood pressure
should be used very judiciously; it is usually more fluid that
is required, not pharmacologic agents. Additionally, diuret-
ics such as furosemide should not be used to maintain urine

output during the initial fluid resuscitation phase at risk of
further damage to renal function.

For our patient at 51 kg with 35% TBSA, she should
receive approximately 7.2 L fluid in the first 24 h. 3.6 L
should be given in the first 8 h, 1.8 L in the next 8 h, and
1.8 L in the last 8 h. Her urine output should be above
25 ml/hr at all times [10, 11].

12. What are your endpoints to determine adequate
resuscitation?

In burn patients, one of the best markers of adequate
resuscitation is urine output. In the absence of any drugs
(diuretics, mannitol) or conditions (diabetes insipidus,
uncontrolled hyperglycemia) that would falsely elevate urine
output, amounts greater than 0.5 ml/kg/hr indicate a patient
with adequate intravascular volume.

Other markers can offer clues to a patient’s volume status
but are less reliable. Tachycardia can be due to hypovolemia
or pain; the absence of tachycardia may be due to chronic
beta blocker therapy, not euvolemia. Blood pressure is
highly variable in patients. While mean arterial pressures
(MAP) less than 60 mmHg in an adult nearly always indi-
cate under-resuscitation, MAP greater than 60 mmHg is no
guarantee of adequate perfusion of vital organs. Intense
peripheral vasoconstriction may produce MAPs greater than
60 mmHg, but organs distal to the vasoconstriction are at
peril. Moreover, patients with longstanding hypertension
may require a higher MAP to maintain adequate perfusion
pressure. Measurements of CVP can be useful at the
extremes of measurement, or in observing a trend, but are
largely inaccurate, particularly in patients under positive
pressure ventilation. Pulmonary artery catheters can measure
cardiac output, stroke volume, and estimate left atrial pres-
sure via pulmonary capillary wedge pressure to a reasonable
level of accuracy, yet the risks involved in placement and
management of PA catheters preclude their use in a majority
of patients. Less invasive continuous cardiac output mea-
surements, based on arterial pulse contour, can be used as
well. These allow measurement of stroke volume variation,
an indicator of fluid responsiveness and therefore
under-resuscitation [6, 10, 11].

13. What is the cause of the patient’s acidosis?

This patient has an anion gap metabolic acidosis with a
low pH and low bicarbonate.

Anion gap = Na − (Cl + HCO3); normal is 8–16.
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146� ð103þ 15Þ ¼ 28

Winter’s formula show that this is a pure metabolic aci-
dosis with appropriate respiratory compensation:

Winter’s formula: pCO2 (expected) = 1.5
(HCO3) + 8 ± 2

1:5ð15Þþ 8 ¼ 30:5� 2

In addition, the acidosis is pure high anion gap metabolic
acidosis, not mixed gap and non-gap metabolic acidosis,
through determination of the delta gap ratio:

(Patient’s anion gap) − 12/24 − (patient’s bicarbon-
ate) = 1 − 2: pure high anion gap, less than 1: mixed gap
and non-gap metabolic acidosis

28� 12ð Þ= 24� 15ð Þ ¼ 1:7

Causes of pure metabolic acidosis can be remembered
according to the mnemonic MUDPILES: Methanol, Uremia,
Diabetic ketoacidosis, Paraldehyde, Infection, Lactic acido-
sis, Ethylene glycol, Salicylic acid. In light of the patient’s
history, the cause of the anion gap acidosis is likely lactic
acidosis due to poor oxygenation of tissues, caused by
inadequate perfusion, or of inadequate oxygen extraction
due to carbon monoxide poisoning [6].

14. Discuss the diagnosis and treatment of carbon
monoxide (CO) poisoning

Patients with carbon monoxide (CO) poisoning presents
with nonspecific symptoms such as headache, myalgias,
dizziness, confusion, and loss of consciousness. The diag-
nosis requires a high index of suspicion and is supported by
the patient’s presenting history. Endogenous carbon
monoxide exists as a neurotransmitter and modulates cell
proliferation and inflammation. However, CO can quickly
become poisonous at higher levels.

Carbon monoxide binds hemoglobin with over 200 times
as much affinity as oxygen. This means that only a relatively
small concentration is required to produce a pathologic
effect. As it binds hemoglobin, it forms carboxyhemoglobin
and induces a conformational change resulting in the oxygen
already bound to the hemoglobin to be bound more tightly.
This shifts the oxyhemoglobin dissociation curve to the left,
favoring less oxygen delivery to the tissues. Furthermore,
CO has other effects, such as binding to platelet heme pro-
teins which then release nitric oxide. The nitric oxide impairs
the mitochondrial cellular respiration, triggering anaerobic
metabolism and the production of lactate. CO also induces
neutrophil degranulation, releasing myeloperoxidase and
producing reactive oxygen species. It is these reactive oxy-
gen species that induce oxidative stress and an inflammatory
response which causes the neurologic and cardiac injury.

Standard pulse oximetry cannot distinguish between
oxyhemoglobin and carboxyhemoglobin species. Carboxy-
hemoglobin absorbs the same amount of red light as oxy-
hemoglobin and standard pulse oximeters may in fact
overestimate the oxygen saturation. Co-oximetry, however,
measures light absorption at multiple wavelengths and is
therefore able to detect other hemoglobin species including
carboxyhemoglobin, reduced hemoglobin, and methe-
moglobin. Many laboratory machines still use standard
oximetry for ABG-reported oxygen saturations as well,
though practice is shifting toward increased use of
co-oximetry. Furthermore, as CO produces a functional
hypoxia, there is no absolute reduction in O2, so PaO2

detected on arterial blood gas (ABG) analysis will show
normal partial pressures of O2 dissolved in the plasma.
The CO poisoning can be detected by a co-oximeter, but
obtaining a venous CO saturation is the usual method of
diagnosis. Levels greater than 3% in nonsmokers or greater
than 10% in smokers make the diagnosis. Levels greater than
40% are associated with shock, coma, seizures, and death. In
our patient with a heavy smoking history, her CO level
would have to exceed 10%.

The treatment of CO poisoning is straightforward in most
cases. While the first step in management of CO poisoning is
to stop the exposure to CO, the half-life of carboxyhe-
moglobin in a patient breathing room air is roughly 300 min.
This is reduced to 90 min in a patient breathing 100%
oxygen. Standard supportive therapy applies; patients who
have altered mental status may require intubation for airway
protection [12].

15. How can oxygen content and oxygen delivery be
determined?

The oxygen content of the blood includes the amount of
oxygen bound to hemoglobin as well as the amount of
oxygen dissolved in the plasma. It is dependent on the O2

saturation (SpO2), hemoglobin (Hb) concentration, and
partial pressure of O2 (paO2).

Oxygen content ðCaO2Þ ¼ 1:31ðHbÞðSpO2Þþ 0:003 ðpaO2Þ

As shown above, changes in hemoglobin or oxygen sat-
uration have a more profound effect on oxygen content than
does a change in paO2. Oxygen content driven by a cardiac
output provides oxygen delivery to the tissues.

Oxygen delivery ðDO2Þ ¼ CaO2 � cardiac output

If we use our patient’s vital signs and laboratory results at
face value, we will calculate a normal CaO2 and DO2;
however, the SpO2 is falsely elevated as it does not
distinguish normal oxyhemoglobin from abnormal
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carboxyhemoglobin. Carboxyhemoglobin traps the oxygen
to the hemoglobin molecule and makes it unable to be
released to the tissues. So to be more precise, the oxygen is
still delivered to the tissues, but the tissues are unable to
extract the oxygen from the hemoglobin. If we obtained the
mixed venous oxygen content (CvO2), we could calculate the
oxygen extraction fraction:

Oxygen extraction fraction ¼ ðCaO2 � CvO2Þ=CaO2

In the setting of CO poisoning, the CvO2 would be
pathologically elevated, and the oxygen extraction fraction
will be decreased [13].

16. What are the most common surgical procedures in
burn patients?

Burn eschar provides a robust medium for bacterial pro-
liferation. Therefore, early excision and grafting provides the
best chance of reducing infection risk and promoting heal-
ing. Split-thickness autologous skin-grafting appears to be
the optimal technique, but allografting is sometimes neces-
sary in patients without a good source of unburned skin to
use.

Emergency escharotomies are indicated when circum-
ferential burns create a compartment syndrome for the
affected part of the body. This can be in an extremity or on
the torso or abdomen, where it can restrict chest wall
movement or cause renal failure and bowel ischemia in the
abdominal compartment, respectively [3].

These patients also tend to have long hospitalizations, and
in severe cases may require tracheostomy for prolonged
mechanical ventilation or enteric feeding tube access due to
increased nutrition requirements. Intravascular access can
also be difficult depending on the location of burn wounds
and may require surgical or radiological assistance in
placement. Finally, burn patients frequently have other
trauma associated with the inciting event (for example, long
bone fractures in a patient who was in a motor vehicle
collision) and management of these patients for
non-burn-related surgeries can be challenging.

17. What are the anesthetic goals for intraoperative
management for this patient?

The anesthetic goals for this patient would be to maintain
hemodynamic and respiratory stability in the setting of SIRS
and hypovolemic shock while still providing analgesia and
anesthesia for the patient. Neuromuscular blockade will
provide a quiescent field for the surgeon and assist in
ventilation.

18. The patient’s family is concerned about the effects of
general anesthesia on her cognitive function. What
can you tell them?

The patient is at risk for post-operative delirium and
cognitive dysfunction. Delirium is a state of waxing and
waning consciousness and confusion. Predisposing factors
include organic causes such as infection, pain, and metabolic
disturbances. Post-operative cognitive dysfunction is cogni-
tive dysfunction that persists for months following surgery.
Most mild cases resolve in the first three months following
surgery; however in this patient, her likelihood of prolonged
hospitalization and critical illness will confound the diag-
nosis and predictions of recovery. She has pre-existing
cognitive impairment from Alzheimer’s dementia, and her
mental status is already further impaired from critical illness
preoperatively; namely, metabolic acidosis and presumed
carbon monoxide poisoning. Post-operatively, she will still
be critically ill, likely requiring invasive treatments and
several medications for some time. At this time she will be at
her highest risk of delirium. Her history of hearing impair-
ment will make attempts at reorientation difficult, but
maintaining normal sleep-wake cycles and the presence of
family members will increase her chances of recovery. It is
difficult to predict the degree of long-term cognitive dys-
function that may occur, but the risk is increased given a
prolonged hospitalization. Given these considerations, the
patient’s cognitive function will likely be affected even
without a general anesthetic. Finally, the patient may require
multiple surgeries to treat her burn wounds which compound
the risk.

However, as anesthesiologists we can limit the number of
additional factors that can predispose the patient to delirium
and cognitive dysfunction. Removal of toxins can be started
right away with administration of supplemental oxygen and
correction of acidosis and electrolyte abnormalities. Certain
medications, such as benzodiaezepines, have been shown to
increase the risk of and worsen delirium; these can be
avoided. While uncontrolled pain worsens delirium, limiting
sedating medications such as narcotics to the minimum
effective dose can help the patient return to an alert state as
soon as possible [14].

19. Would a regional technique be appropriate for this
patient?

Intuitively it would seem that regional anesthesia would be
associated with less post-operative delirium; however evi-
dence shows that there are similar amounts of post-operative
delirium with either regional or general anesthesia.
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Regional anesthesia would be inappropriate for this
patient for several reasons. The patient has an unstable air-
way and requires intubation regardless of the need for sur-
gery. She is critically ill and may demonstrate hemodynamic
instability; general anesthesia will facilitate significant
intraoperative resuscitation. Finally, peripheral nerve
blockade may preclude an accurate neurologic exam
post-operatively and may confound the etiology of nerve
damage.

20. What other concerns do you have given this patient’s
advanced age?

We can expect this patient to exhibit physiologic changes
appropriate for someone her age. Although her pre-injury
exercise capacity has not been verified, advanced age results
in a reduced ability to increase heart rate, stroke volume, and
cardiac output to meet increased demands, which would
increase her risk for ischemia. Her vasculature will have
poor compliance and will not be able to adjust to acute
changes in blood pressure, making her blood pressure labile.
Her hypertension is likely chronic, which will have shifted
her auto-regulatory curves; she may need a higher MAP to
maintain adequate perfusion of her organs. The patient’s
age-related reduction of her protective cough and swallow-
ing reflexes put her at a higher risk of aspiration. Work of
breaking is increased as respiratory muscles weaken
and chest wall elasticity is reduced. Closing capacity and
residual volume increase with age and cause ventilation and
perfusion mismatching. In addition to these age-related
respiratory changes the patient likely has airway obstruction
related to her heavy smoking history.

As people age, muscle mass decreases and a corre-
sponding decrease in creatinine level is observed. This
patient’s creatinine level may be close to normal for a young
adult, but represents a significant renal impairment at this
patient’s age. We can also expect her to have a reduced
hepatic metabolism which will affect drug clearance.
Age-related reductions of marrow function and cellular
immunity will impair her ability to respond to blood loss
and will put her at increased risk of infection [14].

21. Would you like any other preoperative testing done?
Which tests?

The patient should have a preoperative electrolyte panel
and complete blood count. A preoperative EKG is indicated
based on her age being greater than 50 and state of critical
illness; in this patient with significant smoking history and
inhalation injury a preoperative CXR would help demon-
strate underlying pulmonary disease. Pulmonary function
tests are impractical in this setting and would not change
management.

This patient has no Revised Cardiac Risk Index factors—
presence of coronary artery disease, diabetes mellitus
requiring insulin, creatinine >2.0, congestive heart failure, or
history of cerebrovascular accident—and no acute coronary
syndromes. Her functional capacity is unconfirmed, but she
was at least ambulating at the time of her accident. This,
combined with the intermediate risk and emergent nature of
the surgery indicates that no further preoperative cardiac
testing is indicated [15].

22. What monitoring do you want for this patient?

Standard ASA monitoring is of course indicated, EKG,
pulse oximetry, blood pressure, temperature, and end-tidal
carbon dioxide monitoring. Invasive blood pressure moni-
toring via arterial line is indicated because of predicted
hemodynamic instability as well as need for frequent ABGs
and blood draws both intra- and postoperatively. Large bore
IV access is mandatory; central venous access would be
prudent as this patient will require secure IV access for some
time and peripheral access may be difficult to obtain due to
her wounds. Furthermore, the patient may require pressor
therapy and central venous pressure monitoring may assist
fluid resuscitation. The patient should have a Foley catheter
for strict urine output monitoring.

23. Is a pulmonary artery (PA) catheter indicated?

This patient does not have preexisting cardiac disease
or signs of heart failure. If needed, cardiac output moni-
toring may be obtained using peripheral continuous car-
diac output monitoring devices which are most efficacious
in intubated, mechanically ventilated patients in normal
sinus rhythm. The patient has no indication for PA
catheter placement at this time; the risks of complications
outweigh the benefits of measurements that may be
obtained [16].

24. Is intubation indicated? What if this patient were not
going to the OR?

Despite her indication for surgery, this patient requires
emergent intubation due to the presence of inhalation injury
exhibited by her noisy breathing and evidence of smoke and
fire exposure on the patient’s face. If her airway is not
secured, swelling will increase, causing complete obstruc-
tion and making attempts at intubation extremely difficult if
not impossible. She will likely require postoperative
mechanical ventilation due to blossoming lung injury from
her burns and fluid resuscitation, and metabolic acidosis.
She will also need supplemental oxygen for carbon
monoxide poisoning. Currently, she is maintaining her own
airway and her respiratory status is adequate though tenuous.
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25. How would you intubate this patient?

Spontaneous ventilation should be maintained. Airway
swelling will make mask ventilation difficult, so an awake
fiberoptic intubation would be the safest approach. Supple-
mental oxygen should be delivered through a nasal cannula
as the airway is topicalized with local anesthetic. Sedatives
should be avoided and narcotics limited. If the patient is
unable to cooperate with awake intubation, a sedative that
preserves spontaneous ventilation such as ketamine or
dexmedetomidine should be considered. If assessment of the
airway predicts difficult fiberoptic intubation, then a surgical
airway kit and qualified personnel should be standing by.
Finally, rescue equipment such as a laryngeal mask airway
and a variety of endotracheal tube sizes and airway assist
devices (e.g., bougie) should be immediately available.

26. How would you induce anesthesia in this patient?

After the airway is secured, anesthesia should be quickly
but carefully induced to limit discomfort to the patient.
Hemodynamic instability on induction should be expected
due to interruption of endogenous catecholamine support.
This effect can be limited through a careful induction using
potent opioid in conjunction with small amounts of inhaled
anesthetic, or a hemodynamically stable intravenous
(IV) anesthetic such as ketamine. Even propofol could
potentially be used, provided it was titrated carefully to use
the minimum effective dose and was infused with prophy-
lactic doses of a vasopressor such as phenylephrine to limit a
decrease in blood pressure. Etomidate is best avoided;
though controversial, some suggest that there is a higher risk
of etomidate-induced corticosteroid deficiency in this patient
population [17]. We suggest avoiding benzodiazepines if
possible to reduce the risk of post-operative delirium, yet
small doses may decrease the amount of vasodilation-
producing agent required for anesthesia.

Once anesthesia is induced, a non-depolarizing neuro-
muscular blocking agent may be administered. In our sce-
nario, we plan to intubate this patient while awake; therefore
a rapid sequence induction is not required. However, if a
patient is to be intubated after induction, a rapid sequence
induction is suggested due to decreased gastric transit time
resulting from trauma and the inflammatory state. Suc-
cinylcholine is used with caution in burn patients, and is
discussed further below.

27. What would you use for maintenance of anesthesia?

The goal is to maintain a balanced anesthetic that
addresses amnesia, analgesia, and immobility. A non-
depolarizing neuromuscular blocking agent will keep the

patient immobile. A multimodal approach to analgesia can
provide the best pain control; IV narcotics are first line, but
IV acetaminophen or an alpha-agonist such as dexmedeto-
midine can be valuable adjuncts if they are available.
Non-steroidal anti-inflammatory drugs (NSAIDs), such as
ketorolac, are best avoided in this initial phase as the patient
is at risk for further renal injury. Inhalational agents, which
can cause vasodilation and depress cardiac function, should
be used with caution. Using them in conjunction with a
opioid infusion may reduce the amount required to provide
amnesia. Once again, a versatile agent like ketamine can
cause amnesia and analgesia while limiting hemodynamic
insult. Benzodiazepines infusions should be reserved for
those patients too hemodynamically unstable to tolerate any
amount of inhalational or IV anesthetic.

28. Can succinylcholine be used in burn patients? What
about non-depolarizing neuromuscular blockers?

A burn injury triggers an upregulation of post-junctional
acetycholine receptors (AChR). This occurs in the immedi-
ate area of injury, from local inflammation and muscle
denervation, but later on at sites distal to the injury, pre-
sumably due to prolonged immobilization common in this
patient population. Up-regulation of AChRs results in a
significant increase in the amount of potassium released
from the cells upon activation of the receptors by succinyl-
choline. Lethal and sub-lethal levels of hyperkalemia have
been noted following succinylcholine administration in these
patients. The up-regulation takes several hours to develop,
so succinylcholine may be used up to 24 h after the burn
injury. After this initial window, succinylcholine should be
avoided until some time well after the patient has healed
completely; some recommend a period up to two years after
the burn wound has healed.

Non-depolarizing neuromuscular blocking agents are not
associated with the same life-threatening hyperkalemia and
can be used safely in burn patients. However, because of the
up-regulation of AChRs, patients are usually quite resistant
to non-depolarizing agents so higher doses than usual will be
required to produce the desired relaxation. Avoidance of
histamine-releasing agents, such as vecuronium, would be
preferred to limit further exacerbating the inflammatory
response [5, 18].

29. Are you concerned about hypothermia in this
patient?

The skin plays a vital role in maintaining normothermia.
Burn patients have lost this adaptive tool and are limited in
their ability to retain body heat. Heat is lost through four
different mechanisms:
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Conduction transfer of heat between two materials of
differing temperatures (laying on cold OR
table)

Convection transfer of heat as a molecule repeatedly
rises to a warmer temperature and falls to a
cooler temperature (cool air from the air
conditioning in the OR flowing over a
patient’s body)

Radiation transfer of heat from an object into the
surrounding space without physical contact
with another object (parts of the body that
are uncovered and exposed to the sur-
rounding environment)

Evaporation transfer of heat in the conversion of liquid to
the gaseous state (evaporation of sweat or
the exposed interstitial fluid of the body in
injured areas)

Conduction plays a limited role in heat transfer in the OR;
the OR table and IV fluids and blood products can be
warmed to limit this effect. In the burned patient, the ability
to reduce heat lost by radiation and evaporation is limited—
the areas of the body most vulnerable are the injured areas
which are usually in the sterile field. This is not always the
case, however, so the patient should be covered as much as
possible. This leaves convection as the most practical
method by which we can control a patient’s body tempera-
ture. In a typical case, we use a forced-air warmer on the
nonoperative sites of the body. It has been suggested, that
the airflow from these machines tosses bacteria into the
ambient air, though this is controversial. More frequently the
areas of the body on which to place the forced air warmer are
limited due to injury. The ambient temperature of the OR,
therefore, is increased close to the level of ideal body tem-
perature in order to preserve body heat.

Because of the loss of the protective and insulating layer
of skin, burn patients lose heat rapidly. Hypothermia is
associated with increased cardiac ectopy, coagulopathy,
cold-induced diuresis, altered mental status, and increased
oxygen consumption caused by shivering [13].

30. What is the plan for emergence? Will you extubate
this patient?

This patient should remain intubated as she has not
recovered from the event prompting intubation; namely,
inhalational injury. Sedation can be lightened so the patient
can follow commands, and analgesia no longer has to be
strong enough to allow the patient to withstand surgical
stimulation. Only the minimum amount needed to keep the
patient covered should be used. Neuromuscular blockade
may be reversed once muscular twitches have returned;
however this is not strictly necessary in a patient who will

require mechanical ventilation over several days. Care
should be taken, however, to lighten sedation only when the
patient has return of muscle function.

31. Can this patient go to the PACU? Should she be
admitted to the ICU?

This patient meets ICU admission criteria because she
requires mechanical ventilation. Other criteria for ICU
admission include need for vasopressor/inotropes to main-
tain blood pressure, invasive cardiac monitoring such as PA
catheters, hemodynamic instability or large fluctuations in
fluid shifts, severe blood loss or metabolic derangements
requiring frequent laboratory testing, and high nursing
demands, such as that for wound dressing changes, hourly
neuromonitoring or vascular checks, or uncontrolled
delirium.

32. If this patient is to remain intubated, what will you
choose for her ventilator settings?

This patient should have a lung protective ventilation
strategy as defined by the ARDSnet protocol. She should be
on a controlled setting, as opposed to a spontaneous mode,
to reduce the work of breathing. Tidal volumes should be 4–
6 ml/kg based on ideal body weight, plateau pressures
should be less than 30 cm H2O, positive end expiratory
pressure of at least 5 cm H2O, and FiO2 should be weaned to
the lowest amount possible, aiming for paO2 of 60. RR
should be titrated to a normal pH, without exceeding a
respiratory rate of 35. While she may not meet ARDS
diagnostic criteria at this time, it is highly likely that she will
develop ARDS during the course of her hospitalization as a
result of her injuries and inflammatory state [19, 20].

33. How will you manage post-operative pain in this
patient? What will you choose for sedation?

Burn pain is notoriously difficult to treat. There is not
only the nociceptive pain of a large amount of damaged
tissue and inflammation, but also neuropathic pain from
destruction of nerve endings in the skin. The approach to
postoperative pain should be multimodal. Opioids, acet-
aminophen, adjuncts such as dexmedetomidine or clonidine,
ketamine, and gabapentin can help control burn pain during
and in-between surgeries and should be administered at
regular scheduled intervals or as an infusion. NSAIDs can be
considered once acute renal injury has been ruled out.

Sedation should be limited to the amount necessary to
maintain ventilator synchrony and patient comfort. Often if
pain is controlled, the patient will not require much sedation.
Patients who are sedated should have a daily sedation holi-
day to assess neurologic status and actively assess ventilator
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dependence. Due to her age, limiting benzodiazepines may
reduce her risk or at least the severity of postoperative
delirium.
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thromboelastograph (TEG), 323

Coagulopathy, 203, 210, 462
Cocaine, 350
Codeine, 302
CO2 embolism, 252
Combined spinal epidural (CSE), 380–381
Conduction system of the heart, 5
Conduit, 295
Conduit spasm, 82
Congenital diaphragmatic hernia (CDH), 412, 421

additional diagnostic work-up, 422
advantages and disadvantages of using ICU ventilator, 423
approaches to place epidural in neonate, 425
contraindications to EMCO, 422–423
echocardiogram, 422
embryologic origin of the defect, 421
emergence and extubation, plan for, 424
equipment modifications, 423
extracorporeal membrane oxygenation therapy in patients with, 422
ICU team ordering head ultrasound, 422
incidence of, 421
intraoperative monitoring, 423
intraoperative pulmonary hypertensive episode, 424
lung isolation and one-lung ventilation, options for, 424
neonate with, 422
options for ventilation in transport to OR, 423
postoperative analgesia, 424–425
pre- and post-ductal oxygen saturations, 424
reasonable plan for maintenance of anesthesia, 424
risk of coexisting congenital anomalies, 422
sudden oxygen desaturation in transport, 423
transitional circulation, 422
typical surgical approach to CDH repair, 424
ventilation strategy for, 423

Congenital heart disease (CHD), 41, 441
anesthetic implications of trisomy 21, 442
atrioventricular septal defect, 441
bidirectional shunting, 441
cardiac surgery at age of 3 months, 441–442
differential diagnosis, 443
discharge after inguinal hernia repair, 444
endocarditis prophylaxis, 443–444
evaluation, 442
factors affecting PVR, 443
inguinal hernia repair, 443
left-to-right shunting, 441
management of airway, 443
peripheral intravenous, 443
physical exam, 442
preoperative oxygen saturation, 443
preoperative tests, 442
right-to-left shunting, 441
risk factors for surgery, 446

Congestive heart failure. See Heart failure (HF)
Continuous invasive blood pressure, 24
Continuous spinal analgesia, 380
Co-oximetry, 469
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Cor pulmonale, 240
Coronary artery bypass graft (CABG), 15, 73

Allen’s test, 76
antiplatelet/anticoagulants, 74–75
avoiding CPB, 76–77
conduit spasm, 82
conduits used for, 76
coronary angiogram, 74
coronary steal, 80
epiaortic scanning, 82
epidural, 80
“Fast Track” cardiac surgery, 78
indications for, 73
internal mammary artery, 81
intra-aortic balloon pump for, 81
investigation of carotid arteries, 75
ischemic preconditioning, 80
issues faced by anesthetist, 77
monitors, 79
myocardial viability test, 76
off-pump CABG, 77
on-pump CABG, 76–77, 83
predicted risk of mortality, 74
principle of, 81–82
risk factors, 74
surgical risk assessment, 74
temporary pacing, 83
transesophageal echo, 78–79
uneventful induction of anesthesia, 81

Coronary artery bypass graft (CABG), 7
pulmonary artery catheter, 78, 79

Coronary artery disease (CAD), 3, 13
ACC/AHA guidelines, 8–10
anatomy of coronary vasculature, 4–5
associated extracardiac manifestations of atherosclerotic disease, 6
chronic CAD
clinical manifestations of, 6
chronic stable CAD, 7

clinical vignette, 3
common perioperative adverse outcomes, 6–7
conventional therapies for stable angina and its acute thrombotic

complications, 7
definition, 4
expected patterns of injury due to ischemia or infarction in each

coronary territory, 5–6
major adverse cardiac events, 6–7
mechanism of
chronic stable CAD, 7
demand ischemia by reviewing key determinants of myocardial

oxygen consumption, 8
modern approaches to treat CAD and acute thrombotic

complications, 7
overarching goals of perioperative cardiac risk stratification, 8
perfusion of cardiac conduction system, 5
perioperative coronary events, 7–8
risk factors for, 6

Coronary artery revascularization prophylaxis (CARP), 218
Coronary dominance, 4, 5
Coronary perfusion, effects of hypothermia on, 30
Coronary steal, 80
Coronary vasculature, anatomy of, 4–5
Corrected age, 450
Corticosteroids, 157
Corticosteroids/serotonin blockers, 258
Coumadin, 75
Creatinine, 219

Cricoid pressure, 195
Cricothyroidotomy, 461
Cricothyrotomy, contraindications to, 294
Cryoprecipitate, 322
Cushing’s disease, 136
Cyclosporine, 71, 157
Cyproheptadine, 258

D
Damage control resuscitation (DCR), 462–463
Dantrolene

preparation, 163
side effects, 163

DDAVP, utility of, 324
DDD(R) pacing, 58
D-dimers, 322
DDI(R) pacing, 58
Deemed Status 1, 208
Deep extubation, 283–284
Defibrillator, 59
Delayed cerebral ischemia (DCI), 106, 107
Delayed hemolytic transfusion reaction, 316

treatment of, 316–317
Delayed ischemic neurological deficits (DIND), 104, 106
Delirium, 470
Demand ischemia, mechanism of, 8
Depolarizing muscle relaxants, 150
Depolarizing neuromuscular blocking agents (Depolarizing NMBA),

143–147
abnormal plasma cholinesterase, 144
characteristics of neuromuscular blockade with, 146
dibucaine number, 144
intracranial pressure (ICP), elevation in, 145
patient at risk for severe hyperkalemia, 145
phase II block, 146
succinylcholine (see Succinylcholine)

Depth of neuromuscular blockade, 152
Desflurane, 282, 397
Dexamethasone, 284, 301
Dexmedetomidine, 276, 282, 292, 301–302, 381
Diabetes insipidus (DI), 138
Diabetes mellitus (DM), 167, 229

and abdominal aortic aneurysm, 220
anesthesia, 170, 172
characterization, 167
common forms, 167
complications, 169
autonomic neuropathy, 170
cardiovascular disease, 169
diabetic retinopathy, 170
gastroparesis, 170
stiff joint syndrome, 170

diabetic ketoacidosis, 171
diagnostic criteria for, 168
glucose intolerance, 168
glycemic control, 169
hyperglycemia, 167
hyperglycemic hyperosmolar state, 171
intraoperative considerations in, 172
management strategies for, 168–169
metabolic syndrome X, 168
postoperative considerations in, 172
preoperative considerations, 171–172
prevalence, 168
Type 1 DM, 167
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Type 2 DM, 167
Diabetic ketoacidosis (DKA), 171
Diabetic retinopathy, 170
Dibucaine, 352
Dibucaine number, 144
Difficult airway, 289, 459
Difficult Airway Algorithm, 289
Difficult intubation (DI), 289
Difficult mask ventilation (DMV), 289
Digoxin, for heart failure, 22, 25
Dilaudid, 268
Dipeptidyl peptidase-IV (DPP-4) inhibitors, 169
Diphenhydramine, 284
Disopyramide, 51
Distal bundle of His and proximal Purkinje network, 5
Distributive shock, 461
Diuretics, for heart failure, 22
Dobutamine, 25
Door-to-balloon time, 14
Dopamine, 25, 223
Doppler ultrasound, 267
Double-lumen tubes (DLT), 90, 92
Down syndrome, 298, 300
Doxazosin, 186
Droperidol, 186, 284
Drug-eluting stent (DES), 15, 275
Drug pharmacokinetics, in ESRD, 265t
D-tubocurarine, 397
Dual antiplatelet therapy (DAPT), 15

current guideline for, after PCI, 16
implication of, in perioperative setting, 16–17

Dual-chamber pacing, 58
Dural puncture epidural (DPE), 380
Dyskinesis, 5

E
Echocardiography, 38, 50
Eisenmenger syndrome, 41

anesthetic induction, 44
case, 41
complications of, 42t
definitive management of, 45
hemodynamic considerations for anesthetic, 42–43
hypotension, medication for, 45
induction strategy, 44
invasive monitoring, 44
maintenance of anesthesia, 44
perioperative concerns relating to hematologic abnormalities, 43
post-op recovery, 45
predicted perioperative mortality for patients with, 42
predictors of poor post-operative function, 42
preoperative testing, 42
pulmonary hypertension, 45
pulmonary vascular resistance, 42
regional anesthesia, 45
risks related to perioperative arrhythmia in, 43
special considerations for parturient with, 45
special medications and equipment, 44
targeted therapies for pulmonary hypertension, 43t
ventilator settings, 44

Elective nasogastric tube, 241
Electrical burn, 467
Electrocardiography (ECG/EKG), 21, 50, 62, 251
Electroencephalogram (EEG), 115
Electromyography (EMG), 126–127, 156

Encephalopathy, 201, 203, 204, 208
Endobronchial intubation, 252
Endocarditis, 47
Endocarditis prophylaxis, 39
Endoleaks, types of, 233t
Endomyocardial biopsy (EMB), 70
Endothelin receptor antagonists, 43t
Endotracheal intubation

advantages of, 307
disadvantages of, 307

Endotracheal tubes (ETT), 298, 308, 309, 408, 411, 437
Endovascular aortic aneurysm repair (EVAR), 227

aortic neck length scoring, 230t
blood pressure management of, 232
concerns with regard to blood loss, 232
COPD in patients with AAA, 228
current use, 230, 231t
CVP, measuring, 230
factors limiting success of local anesthesia, 233
fluid management, 232
Foley catheter, use of, 232
general versus regional or MAC anesthesia, 230–231
hemodynamics management, 231
heparin anticoagulation, management of, 232
impact of obesity outcome in AAA repair, 228
implications of fluoroscopy, 228
intraoperative monitoring, 233
LBBB block of significance, 227
long-term results of, 234
versus open surgery, 229–230
pain management, 234
patient recovery, 234
postimplantation syndrome, 234
preoperative evaluation, 229
proximal aortic diameter scoring, 230t
in ruptured AAA, 232–233
suitability for EVAR, factors determining, 228–229
surgical decision-making for, 229
thrombus scoring, 230t
volume management, 230

Endovascular aortic repair (EVAR), 217
End-stage renal disease (ESRD), 263

cardiovascular comorbidities, 264
hematologic issues, 264
use of sevoflurane, 265

Enhanced recovery after surgery (ERAS) protocols, 221
Enzyme-linked immunosorbent assays (ELISA), 324
Ephedrine, 260
Epiaortic scanning, 82
Epidural, 92
Epidural analgesia, 212

advantages/disadvantages of, 379–380
complications of, 380
indications/contraindications for, 379
side effects of, 380

Epidural anesthesia, 343
Epinephrine, 25, 63, 260, 282, 352, 410
ESLD, 209, 211
Esophageal atresia, 435
Ester local anesthetics, 347
Etidocaine, 351–352
Etomidate, 277
ETT, 300

placement after intubation, 411
EuroSCORE, 74
Euthyroid, 179

480 Index



Euvolemia, 221
Extracorporeal membrane oxygenation therapy, 422
Extraocular muscle (EOM), 276
Extubation, 197
Eye surgery, 273, 275, 276
Eye trauma, 274

mechanism of, 274
pain after, 278

F
Facial muscles weakness, 156
Facial nerve electromyography monitoring (FNM), 283
Facial nerve monitoring, 283
Factor IX (FIX), 328, 329–330

half-life of, 330
Factor VIII (FVIII), 328, 329–330

half-life of, 330
Fasciculation, 146
FAST (Focused Assessment with Sonography in Trauma) exam, 462
“Fast Track” cardiac surgery, 78
Febrile non-hemolytic transfusion reaction, 316

treatment of, 316
Fenfluramine, 243
Fen–Phen, 241, 243
Fentanyl, 397, 454
Fetal heart rate (FHR), 382
Fetal heart rate monitoring (FHM), 382
Fetor hepaticus, 203
Fetus

concerns for surgery performed during pregnancy, 396
maternal carbon dioxide affecting, 399
maternal hypotension affecting, 399
ultrasonography on, 398

Fiberoptic bronchoscopy, 196
Fiberoptic intubation, 196
Fibrinogen degradation products, 322
Fibrinolysis, 211, 212
Fibrinolytic therapy, 14
5-hydroxyindole-3-acetic acid (5-HIAA), 256
Flow volume loops, 158
Fluid management, 418
Flumazenil, 209, 292
Fluoroscopy, 228
Foley catheter, use of, 232
Frank–Starling mechanism, 68
Free hepatic venous pressure (FHVP), 203
Fresh frozen plasma (FFP), 329

indications for transfusion of, 322
Full stomach, 193

cricoid pressure, 195
extubation, 197
fiberoptic bronchoscopy, 196
fiberoptic intubation, 196
gastric aspiration
increase the likelihood of, 193
obesity or GERD affecting the risk for, 194
pharmacologic measures to minimize the risk of, 194

lower esophageal sphincter pressure, factors affecting, 194
Mendelson’s syndrome, 196
neuromuscular blocking drugs, 195
placing nasogastric tube prior to induction of general anesthesia,

194–195
plan for postoperative care of, 197
pros and cons to MAC anesthesia, 195–196
protected airway, 195

radiographic findings in period following aspiration of gastric
contents, 196–197

rapid sequence induction, 195
sequelae of gastric aspiration, care for, 197
ventilator settings, 197
vomiting during induction, handling of, 196

Fulminant hepatic failure, 201
Functional residual capacity (FRC), 396
Functioning tumors, 135
Furosemide, 108

G
Gas (or air) embolism, 252
Gastric aspiration, 193, 194
Gastric motility, 194
Gastric varices, 203
Gastroesophageal reflux (GER), 438
Gastrointestinal system changes in pregnancy, 396
Gastroparesis, 170
Gastroschisis

anesthetic concerns for, 418
differential diagnosis for tachycardia and hypotension in a neonate

with, 417
maternal risk factors associated with, 416
potential GI complications associated with, 416
preoperative evaluation and preparation, 416
risk factors in neonates born with, 416

Gastroschisis and omphalocele, 415
difference between, 415
medical disease and differential diagnosis, 415

General anesthesia, 251, 275
Gestational age, 450
Glasgow Coma Scale (GCS), 104, 105t
Glaucoma, 274
Global hypoperfusion, 461
Glomerular filtration rate (GFR), 219, 228, 263
Glycemic control, 169
Glycosylated hemoglobin, 172
Goal-directed therapy (GDT), 232
Goiter, 179, 181
Goldblatt kidney, 268
GOLD criteria, for COPD patients, 248
GP IIb/IIIa inhibitors, 323
Graft rejection, 266
Great auricular nerve (GAN), 284
Growth hormone secreting tumors, 135
Gynecoid/peripheral obesity, 238

H
HACEK organisms, 47
Halothane, 397
H1 and H2 blockers, 258
Heart failure (HF), 19

anesthetic perioperative risk between acute/new onset versus
chronic/compensated heart failure, 20

case, 19
clinical signs of, 19
common arrhythmias seen with HF, 25–26
determinants of cardiac output, 23
grading classifications, 20
hemodynamic management, 25
inotropic agents, 25
vasodilators/inodilators, 25
vasopressors, 25
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hip replacement, anesthetic techniques for, 23
hypotension, risk for, 23
implantable cardioverter-defibrillator, management of, 22–23
inducing general anesthesia, 24
maintenance of anesthesia, 24
central venous catheter, 24
continuous invasive blood pressure, 24
monitoring hemodynamic parameters, 24
pulmonary artery catheters, 24
transesophageal echocardiography, 25

management
assessment of LV function, 21–22
chest radiography, 21
EKG, 21
laboratory work, 21

medications
ACEI/ARB, 22
aldosterone antagonists, 22
anticoagulants, 22
BRB, 22
CCB, 22
digoxin, 22
diuretics, 22

neuraxial anesthesia, 24
New York Heart Association (NYHA) functional classification, 20t
right ventricular failure, treatment of, 26
risk assessment based on left ventricular ejection fraction, 21
signs of acutely decompensated heart failure, 20
therapeutic options, 26
urgent versus emergent procedures, 20–21

HELLP syndrome, 385, 387
Hemarthrosis, 328
Hematocrit (Hct), 219
Hematoma, epidural, 231
Hemochromatosis, 202
Hemodialysis, 263
Hemoglobin A1c (HgbA1c), 169
Hemoglobin S, pathophysiological implications of, 333
Hemophilia, 327

acquired hemophilia A, 327, 329
activated PCC, 331
antifibrinolytics, role of, 331
categorization of, 328
choosing a particular anesthetic drug in patients with, 331
clinical aspects of, 327
clinical manifestations of, 328–329
coagulation status, to be corrected before surgery, 330
diagnosis of, 328
discharge after open inguinal hernia repair, 331
emergency surgery, management of hemophilia patient for, 332
factor VIII, 328, 329–330
factor level required for operative procedures in patients with, 325
factor IX, 328, 329–330
intramuscular injection, administering, 331
intraoperative management, 331
neuroaxial block, conducting, 331
other diseases to be considered in patients with history of, 330
postoperative management, 331
precautions should be taken in intubating patient with, 331
preoperative management, 330
recombinant activated factor VII, 331
role of desmopressin in patients with, 330–331
types of, 324–325, 327
Von Willebrand disease, 327

Hemophilia A, 319
Hemorrhage, 460

Hemorrhagic shock, 390
Heparin, 265
Heparin anticoagulation, management of, 232
Heparin-induced platelet aggregation assay (HIPA), 324
Heparin induced thrombocytopenia (HIT), 324
Hepatic encephalopathy, 208–209
Hepatic metastases, 256
Hepatic portal venous system, 200
Hepatic sinusoids, 199–200
Hepatic venous pressure gradient (HVPG), 203
Hepatitis, viral, 201–202

Hep A, 201
Hep B, 201
Hep C, 201
Hep D, 201
Hep E, 202

Hepatopulmonary syndrome (HPS), 205
Hepatorenal syndrome (HRS), 205
High frequency oscillatory ventilation (HFOV), 424, 451
Hip replacement, anesthetic techniques for, 23
Histamine provoking drugs, 186
Histamine release, 152
Hoarseness in acromegaly, 135
Hofmann elimination, 151
Hormones secreted by pituitary, 133
Horner’s/voice hoarseness, 369
H-2 antagonist, 241
Hydralazine, 188
Hydroxyurea, 334
Hydroxyzine, 284
Hypercarbia, 248, 249, 250, 276

affecting central nervous system, 250
Hyperchloremic metabolic acidosis, 267
Hyperglycemia, 167
Hyperglycemic hyperosmolar state (HHS), 171
Hyperkalemia, 145, 264
Hypermagnesemia, 264
Hypertension, 116, 187, 259
Hyperthyroidism, 176

appropriate maintenance anesthesia, 180
complications of thyroid surgery, 181
diagnosis, 177, 178t
extubation, 181
monitoring during anesthesia, 180
postoperative monitoring, 181
pre-anesthetic considerations, 179
preoperative sedation, 179–180
prepare to intubation, 180
signs and symptoms, 177
thyroid storm, 177–178
thyroidectomy, 180
treatment for, 178

Hypertrophic cardiomyopathy (HCM), 49
anesthetic management, 51, 52
case, 49
definition, 49
diagnosis, 50–51
genetic background, 50
induction agents of choice for, 52
maintenance techniques, 52
monitoring techniques, 51–52
non-pharmacological management options, 51
pathophysiology, 49
pharmacological treatment, 51
preoperative evaluation data, 52
symptoms, 50
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things to consider during emergence, 52
Hypervolemia, hypertension, hemodilution (Triple H) therapy, 107
Hypervolemia and hyperdynamic circulation, 265
Hypokinesis, 5
Hypotension, 23, 116

controlled, 211
Hypothermia, 29, 322, 462, 472–473

compartment/site to measure the temperature when rewarming on
cardiopulmonary bypass, 31

definition of, 29
effects on
cerebral metabolism, 29
coronary perfusion, 30

heart rhythm and rate changes expected with, 30
impact of intraoperative hypothermia on patient morbidity, 31
mechanism of hypothermia leading to hypovolemia during

hypothermia, 30
metabolic changes associated with, 29
phases of hypothermia treatment, 29
protective mechanisms of, 29
rewarming the patient after being cooled for cardiac/vascular

surgery, 31
risk
for shivering, 30
of infection, increasing, 31

severe bleeding due to, 30–31
side effects of, during induction (cooling) phase, 29–30
temperature goal for therapeutic hypothermia after cardiac arrest, 30

Hypothermia, risks associated with, 419
Hypothermia After Cardiac Arrest Study Group (HACA), 30
Hypovolemia, 30
Hypovolemic shock, 461
Hypoxemia, 91, 92
Hypoxia, 276
Hypoxic pulmonary vasoconstriction, 91

I
Ibuprofen, 63
Ideal body weight (IBW), 243

anesthetic medications, 244
versus total body weight (TBW), 244

Immune-mediated rejection of the organ, 266
Immunoglobulins, 157
Immunosuppression methods, 266
Immunosuppressive regimen, 266
Immunosuppressive treatment, 266
Implantable cardioverter defibrillators (ICD), 51, 55, 57, 59

central venous access, 59
magnet response, 59
management of, 22–23
single-chamber ICD, 56f

Increased intracranial pressure (ICP), 103
Incretin mimetics, 169
Indomethacin, 63
Induction, 259
Induction therapy, 266
Inhalational anesthesia, 310
Inhaled anesthetics, 277
Inhaled nitric oxide (iNO), 450
Inotropic agents, 25
In-stent restenosis (ISR), 15
Insulin resistance syndrome. See Metabolic syndrome X
Insulin therapy, 168, 172
Intermittent apnea technique, 309
Internal mammary artery, 81

International normalized ratio (INR) value, 321
International Subarachnoid Trial (ISAT), 106
Intra-abdominal pressure, 249
Intra-aortic balloon pump (IABP), 74, 81
Intracranial aneurysm, 103

delayed ischemic neurological deficits, 104, 106
Fisher Grade, 107
Hunt and Hess Grade III, 104
rebleeding, 104, 106
subarachnoid hemorrhage (see Subarachnoid hemorrhage (SAH))
treatment options for, 105–106
triple H therapy, 107
vasospasm, 106–107

Intracranial pressure (ICP), elevation in, 145
Intramuscular injection, administering, 331
Intraocular pressure (IOP), 274, 275

affected by glaucoma, 274
physiologic or pathophysiologic factors, 274

Intraoperative aneurysm rupture management, 109
Intraoperative neuromonitoring (IONM), 124

modalities, 127
Intraoperative opioids, 301
Intrapulmonary vascular dilation (IPVD), 205
Intrathecal opioids

side effects of, 361
underlying pathophysiology of respiratory depression with, 361
working of, 361

Intrauterine growth restriction (IUGR), 449
Intraventricular hemorrhage (IVH), 452–453
Intravitreal gentamicin, 278
Intubation, 471, 472
Investigation of carotid arteries, 75
Iodine therapy, 176, 178, 179
Irreversible pulmonary hypertension, 41
Ischemia-reperfusion injury, 212
Ischemic preconditioning, 80
Isoflurane, 210, 397

J
Jet ventilation, 309

advantages of, 309–310
potential complications of, 310

K
Ketamine, 35, 259, 277, 292, 397
Kidney transplantation

advantages of living donor, 265–266
arterial line, 264
changes in physiology, 265
choices for anesthesia, 265
postoperative pain relief, 268
potassium levels, 264
preoperative considerations, 263
screening undertaken prior to, 263
surgical complications, 266–267
timing of dialysis, 267
type
of rejections, 266
of venous access, 264–265

use
of diuretics, 267
of pressors, 268
of sevoflurane, 265
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L
Labetalol, 188
Labor and delivery, 379

fetal heart rate, 382
fetal heart rate monitoring, 382
labor epidural (see Epidural analgesia)
labor pain, origin of, 381
neuraxial analgesia (see Neuraxial analgesia)
sedation, 382
uterine relaxation, 383

Labor pain, 381
origin of, 381

Lactulose, benefit of, 209
Laparoscopy, 247

advantages of, 247–248
causes
of hypercarbia, 249
physiological changes, 249

definition, 247
disadvantages of, 248
endobronchial intubation, 252
intraoperative complications, 251
intraoperative concerns, 249–252
laparoscopic surgery, 247
nitrous oxide, use of, 250
postoperative issues, 252–253
preoperative concerns, 248–249
procedures, 247

Laryngeal laser surgery, options for airway management in, 307
Laryngeal mask airway (LMA), 300, 309
Laryngoscopy, 386–387
Laser, 305

advantages of using, 305
commonly used, 305

Laser surgery of the airway, 305
anesthesia maintenance, plan of, 310
key components required for surgical fire, 307–308
laryngeal laser surgery, options for airway management in, 307
managing airway fire, 308
monitoring patient, 307
neuromuscular relaxant, indication of, 310
plan to induce general anesthesia, 307
potential hazards in, 308–309
preoperative smoking cessation, recommendation for, 306
preoperative testing, 306
preventing airway fire, 308
recovery room, complications observed in, 310–311

Lateral decubitus position (LDP), 91
LDH, 209
Lean body mass (LBM), 244
Left anterior descending artery (LAD), 4, 5
Left circumflex artery (LCx), 4, 5
Left internal mammary arteries (LIMA), 76, 81
Left main coronary artery, 4
Left ventricular ejection fraction (LVEF), risk assessment based on, 21
Left ventricular function, assessment of, 21–22
Left ventricular hypertrophy (LVH), 49
Left ventricular outflow tract (LVOT), 49, 50f, 51, 52
Lens capsule, 274
Lethal triad, 462
LeVeen shunt, 205
Levobupivacaine, 351
Lidocaine, 282, 350–351, 360
“Light anesthetic” technique in premature infants, 454
Limb weakness, 156
Lipophilic drugs, 244

Liver
acetaminophen toxicity, 201
acute fatty liver of pregnancy, 202
acute variceal bleeds management, 203
alpha-1 antitrypsin (AAT) deficiency, 202
anatomy of, 199
ascites, 205
blood supply to, 199
Budd–Chiari syndrome, 202
carbon tetrachloride, 202–203
causes of liver failure, 201
cirrhosis, 200–201
dialysis, 208
fetor hepaticus, 203
functions of, 200
healthy liver and sudden hemorrhage, 204
hemochromatosis, 202
portal HTN diagnosis, 203
portal hypertension, 203, 204
varices, 203
viral hepatitis, 201–202
risks of surgery, 202

Wilson disease, 202
Liver acinus, 200
Liver disease, affecting drug metabolism and pharmacokinetics, 211
Liver function tests (LFTs), 209, 212
Liver transplantation

allocation of available organs in the United States, 207
anesthesia for, 199
anesthetic challenges, 211
anesthetic depth, maintaining, 210
anhepatic phase, 211
cardiopulmonary evaluation, 210
Child-Pugh score, 207
contraindications to, 207
deemed Status 1, 208
donors matching with recipients, 207
epidural for post-op pain control, 212
extrahepatic hepatic features of hepatic failure in, 204
health issues to be considered before, 207
immunosuppression, types of, 212
indications for, 206
inducing hypotension in, 211
initial signs of graft function, 212
liver dialysis, 208
MELD score, 208
post-anhepatic phase, 211
preanhepatic phase, 211
preoperative evaluation, 208, 209
reperfusion, 211–212
sources for donor organs, 207
survival rates post-transplantation, 208

Local anesthesia, 233, 251, 275
Local anesthetic infiltration, importance of, 282
Local anesthetics, 347

regional anesthesia, possible benefits of, 347
Local anesthetic systemic toxicity (LAST), 348, 353, 355, 370, 371
Long-term immunosuppression, 266
Loop diuretics, 267
Low-dose dopamine, 268
Low molecular weight heparin (LMWH), 75, 323
Lower esophageal sphincter (LES) pressure, 194
Lung anatomy, 89
Lung cancer patients, anesthetic considerations for, 90
Lung isolation, 90–91
Lung resection, preoperative risk assessment for, 89–90
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M
MAC anesthesia, pros and cons to, 195–196
Magnesium sulfate, 400

for seizure prophylaxis, 387
Magnesium therapy, 107
Major Adverse Cardiac Events (MACE), 6–7
Malignant hyperthermia (MH), 147, 161

calcium channel blockers for, 163
dantrolene
preparation, 163
side effects, 163

diagnosis, 162
differential diagnosis, 161
laboratory abnormalities, 162
management, 162–163
muscular rigidity developing neuromuscular blockade, 163
myopathies/syndromes associated with, 162
in operating room, 163
signs of, 162
treatment, 162
triggers for, 162

Mannitol, 108, 267
Manual in-line stabilization (MILS), 290
Mask inductions, 430
Mask ventilation, 289, 293

encountering problems with, 293
Maternal carbon dioxide affecting fetus, 399
Maternal hypotension affecting fetus, 399
Maternal oxygen tension, 399
Mean arterial blood pressure (MAP), 249
Mean arterial pressure (MAP), 104, 468
Mechanical ventilation, need for, 158
Meconium, 408
Meglitinides, 169
Mendelson’s syndrome, 196
Meperidine, 397
Mepivacaine, 351, 360
Metabolic alkalosis, 428
Metabolic syndrome, 238
Metabolic syndrome X, 168
Methadone, 397
Methionine, 397
Methyl methacrylate, 344
Metoclopramide, 277
Microangiopathy, 167
Midazolam, 284, 292, 299
Middle ear surgery, 282, 284
“Mill-wheel” murmur, 252
Milrinone, 25
Minimum alveolar concentration (MAC), 396, 454
Mitral regurgitation (MR), 49

changing physiology of heart, 35
etiologies for, 33, 34t
natural progression of, 34

Mitral stenosis, 37
anesthetic management, 38
antibiotic prophylaxis before dental procedure, 39
classification of pulmonary hypertension, 38
common cause of, 37
definition, 37
echo findings, 38
factors contributing to worsening pulmonary hypertension during

perioperative period, 38
grading, 38
inducing anesthesia, 38–39
management, 37–38

monitoring patients, 38
physical exam findings, 38
pulmonary hypertension, 38
signs and symptoms, 37
treating hypotension shortly after induction, 39
treatment of new acute-onset atrial fibrillation, 39

Mitral valve disease and tachycardia, 38–39
Mivacurium, 151–152
Model-for-End-Stage-Liver-Disease (MELD) score, 208
Molecular adsorbents recirculation system (MARS), 208
Molecular genetic testing, 162
Monroe-Kellie Doctrine, 463
Morbid obesity (MO), 243, 248

airway challenges, 242
challenges, 243
inhaled anesthetics for, 244
patient positioning, 242
prone procedure, 243

Morphine, 186, 268, 397
Motor evoked potentials (MEPs), 115, 125–126

anesthetic effects on, 126
complications and contraindications of, 126

Multimodal analgesia, 242
Multimodal approach, 342
Multiple endocrine neoplasia (MEN), 255

MEN2, 185
Muscle contraction, 149–150
Muscle relaxants, 158–159, 195, 210–211, 283

depolarizing, 150
nondepolarizing, 151

Muscle weakness, 153, 157
Muscular rigidity, developing neuromuscular blockade, 163
Myasthenia gravis (MG), 155

anatomical origins of, 156
anesthetic considerations, 158
classifications, 156
diagnostic tests for, 156
differential diagnosis, 157t
differential for weakness in MG patients after surgery, 159–160
effects
of IV drugs, 159
of volatiles anesthetics, 159

epidemiology of, 155
management based on preoperative medications, 157–158
need for mechanical ventilation, 158
neuraxial anesthesia, 158
number of functional receptors, reducing, 155
pathophysiology for, 155
patients paralyzed with nondepolarizing muscle relaxants, 158–159
response to succinylcholine for, 159
signs and symptoms, 156
treatments for, 156–157

Myocardial infarction (MI), 13
current guideline for DAPT after PCI, 16
definition, 13
fibrinolytic therapy, 14
high-risk PCIs, 15–16
implication of DAPT in perioperative setting, 16–17
in-stent restenosis, 15
percutaneous coronary intervention, 14
reperfusion strategy, 15
types of, 13–14

Myocardial viability test, 76
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N
Nasogastric tube (NGT), 194–195
National Surgical Quality Improvement Program (NSQIP), 201, 231
Necrotizing enterocolitis (NEC), 452

diagnosis and treatment, 452
Neonatal airway and adult airway, 411
Neonatal anesthesia, 429
Neonatal resuscitation, 407

chest compressions, 409
stopping, 409–410

fractional inspired oxygen concentration, 409
infant’s HR, 408–409, 410
initial steps of, 408
intubation of the neonate, 410–411
IV access, 410
meconium, 408
neonatal circulatory system and adult circulation, 407
neonatal hypovolemia, 410
“normal” umbilical artery and umbilical vein blood gases, 408
resuscitative effort, 408
resuscitative measures, newborn requiring, 409
umbilical catheter, 410
volume expansion fluids in newborn, 410

Neonate
acidosis, 420
mechanism for rapid cooling in, 419
intubation of, 410–411

Nephrogenic hypertension, 268
Nerve supply, cutaneous,, 369f
Neuraxial analgesia, 80

alternatives to, 381
other options for, 380–381

Neuraxial anesthesia, 24, 36, 158, 259
Neuroaxial block, conducting, 331
Neuroendocrine tumors. See Carcinoid tumors
Neurological deficit (NND) rate, 124
Neuromonitoring, 115
Neuromuscular blockade

depth of, 152
prolonged, 153
reversing, 71

Neuromuscular blocker(s), 152
Neuromuscular blocking drugs, 149, 195
Neuromuscular junction (NMJ), 152, 155
Neurotransmitters and receptors, 67
Newborn

post-resuscitative care for, 413
volume expansion fluids in, 410

Nicardipine/clevidipine, 25
NICE guidelines versus ACC/AHA guidelines, 47
Nitric oxide, 424, 445
Nitric oxide pathway, 43t
Nitroglycerin, 25
Nitroprusside, 25
Nitrous oxide, 282–283, 381
Non-cardiac surgery, 20

after heart transplantation, 67
antibiotics, 71
atrial arrhythmias, 69
cardiac allograft vasculopathy, 69
clinical signs/symptoms of rejection, 70
cyclosporine, 71
hemodynamic response to medications, 68
immunosuppressive medications, 71
intraoperative awareness, 68
maintenance of preload, importance of, 68

management of intraoperative arrhythmias, 68
neuraxial/regional anesthesia, 71
pacemakers and ICDs, 68–69
significance of right bundle branch block, 69

Non-depolarizer, 152
Non-depolarizing neuromuscular blockade (NDNMBs), 310
Nondepolarizing neuromuscular blocking agents, 149–153, 158

acetylcholine metabolism, 150
avoidance, 152
categories of, 150, 151
cholinesterase inhibitors, side-effects of, 153
depth of neuromuscular blockade, 152
difference between
mature acetylcholine receptor and immature/fetal receptor, 150
phase I and phase II block, 153

durations of action of, 151
histamine release, 152
Hofmann elimination, 151
mechanism of action of, 151
depolarizing muscle relaxants, 150

mivacurium, 151–152
muscle contraction, 149–150
neuromuscular blockade monitoring, 152
neuromuscular blocker(s), 152
neuromuscular blocking drugs, 149
nondepolarizing muscle relaxants, 151
post-tetanic potentiation, 152
prolonged neuromuscular blockade, 153
reversal agents, 152–153
side-effects of pancuronium, 151
succinylcholine
duration of action of, 150
metabolism, 150
risk for hyperkalemia, 151
side-effects of, 150–151

Non-dihydropyridine calcium channel blockers, 51
Non-functioning pituitary tumors, clinical presentations of, 133–134
Non-ST elevation MI (NSTEMI), 6, 7, 13
Non-stenotic plaques, 7
Non-steroidal anti-inflammatory drugs (NSAIDs), 63, 70, 80, 146, 301
Norepinephrine, 25, 63
North American Society of Pacing and Electro physiology and the

British Pacing and Electrophysiology Group (NASPE/BPEG),
56

Novel oral anticoagulants (NOACs), 75
N-terminal pro-brain natriuretic peptide (NT-proBNP), 257

O
Obesity, 237

definition, 237
diseases associated with, 238
impact on open and endovascular abdominal aortic aneurysm, 228
physiologic changes, 238
preoxygenation, 242

Obesity-hypoventilation syndrome, 240
Obstructive sleep apnea (OSA), 239, 248, 297

concerns in patients, 303
diagnosis of, 239–240
discharge after surgery, 302
incidence of, 239
induction of anesthesia without intravenous (IV) access, 299
intraoperative considerations, 242
intraoperative opioids, 301
preoperative considerations, 241
risk for cor pulmonale, 297
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screening, 239
sleep study, 298
symptoms of, in children, 297
systemic effects of, 240
trisomy 21, children with, 298

Octreotide, 256, 258, 259, 260
adverse effects of, 259

Ocular trauma
common causes of, 274
patients requiring anesthesia, 274–275
pediatric patients, 278

Off-pump CABG (OPCAB), 77
Omphalocele, anomalies associated with, 415–416
Ondansetron, 284, 301
One-lung ventilation, 89–93

anesthetic considerations for, 90
choice of anesthetic, 93
epidural, 92
extubation in OR, 93
fluid management, 93
postoperative concerns, 93

On-pump CABG, 76–77, 83
Open AAA repair, 220, 224
Open eye injury

anesthetic management of, 273–274
antibiotic regimens, 278
anxiolytics used in, 276
hospitalization, 274
pain management, 278
type of anesthesia used for, 275

Open repair, 229–230
Operating room fires, prevention of, 300
Ophthalmic Anesthesia Society, 276
Ophthalmologic surgery

extubation, 278
maintain anesthesia during, 277

Opioid analgesics, 381
Orlistat, 243
Orthodeoxia, 204
Orthotopic transplantation, 206–207
Oxygen content, determination of, 469
Oxygen delivery, determination of, 469
Oxygen index (OI), 422

P
Pacemakers, 55

function of, 57
magnet response, 59
malfunction, types of, 58
non-capture, 58–59
oversensing causes under pacing, 58
undersensing causes over pacing, 58

perioperative, 55
sensing and capture, 58
subcutaneous, 56f
transvenous, 56f

Pancuronium, 397
Paradoxical air embolism, 100
Parkland formula, 463, 468
Patent ductus arteriosis (PDA), 407
Patient-controlled analgesia (PCA), 244
Patient positioning, 343

for middle ear surgery, 282
Percutaneous coronary intervention (PCI), 14, 218

current guideline for DAPT after, 16

high-risk PCIs, 15–16
Percutaneous transluminal coronary angioplasty (PTCA), 7
Pericardial effusion

medical treatments for, 63
Pericardial tamponade, 61

anesthetic agents for, 63
causes of, 61–62
complications, 64
definition, 61
diagnostic criteria for, 62
hemodynamic goals for tamponade, 63
indications for pericardiocentesis and pericardial window, 64
medical treatments for pericardial effusion, 63
noninvasive and invasive testing, 62–63
physical exam findings, 62
signs and symptoms of, 462
treatment, 462
vascular access, 63

Pericardiocentesis, 462
Perioperative antibiotics, 342
Perioperative arrhythmias, 43
Perioperative cardiac risk stratification, overarching goals of, 8
Perioperative MI, 7–8
Perioperative risk stratification, 8–10
Peripheral nerve block, 346
Peripheral nerve injury (PNI), 348
Persistent pulmonary hypertension of the newborn (PPHN), 420
Phase I and phase II block, difference between, 153
Phase II blockade, 146
Phenoxybenzamine, 185–186, 188
Phenylephrine, 39
Pheochromocytoma, 183

anesthesia, 186, 188
anesthetic considerations, 186–187
catecholamine withdrawal after venous ligation, 187
clinical presentation of, 184–185
diagnosis, 185
hypertensive crisis, 184, 185
incidence of, 184
intraoperative considerations for, 187
pathophysiology of, 184
postoperative considerations, 187–188
pregnancy and, 187–188
preoperative adrenergic blockade and volume preparation of patient,

185–186
preoperative considerations for, 185
signs and symptoms, 184
surgery, 185–186
surgical approach and hemodynamic considerations, 187
treatment for, 185

Pickwickian syndrome, 240
Pituitary adenoma, 133
Pituitary apoplexy, 136
Pituitary gland, anatomy of, 133
Pituitary tumors

management of, 136
non-functioning, 133–134
types of, 133

Placental abruption, 387, 389
Placenta previa, risk factors for, 389
Plasma cholinesterase, 144
Plasmapheresis, 157, 266
Platelet factor 4 (PF4), 324
Platypnea, 204
Pneumocephalus, 99
Pneumoperitoneum, 248, 249, 251
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affecting renal system, 250
gas of choice, 248

Pneumothorax, 251, 252, 371, 423
Porta hepatis, 199
Portal hypertension, 203, 204
Portal hypertension diagnosis, 203
Portopulmonary hypertension (PPHTN), 206
Portosystemic shunting, 209
Positive airway pressure (PAP), 240
Positive end expiratory pressure (PEEP), 92, 423
Positive pressure ventilation (PPV), 408, 411–412, 437
Post anesthesia care unit (PACU), 337, 473
Post-dural puncture headache (PDPH)

after spinal anesthesia, 362–363
diagnosing, 362
treatment options for, 363

Posterior descending artery, 4
Posterior fossa craniotomy, 97

anesthetic management, 97–98
central access, 98
contraindications of surgery in sitting position, 99
extubation criteria, 100
induction, 99
maintenance technique, 99–100
management considerations for sitting position, 98–99
positioning a critical decision, 98
preoperative evaluation, 97
preoperative neurologic deficits, 98
prone/lateral position, management considerations for, 99
risks of, 97
special monitoring, 98
special positioning hazards, minimizing, 99
venous air embolism, 100–101
volume status, management of, 98

Postimplantation syndrome, 234
Postmenstrual age, 450
Postoperative apnea, 431
Postoperative cognitive dysfunction (POCD), 77
Postoperative nausea and vomiting (PONV), 282, 283

and tympanomastoidectomy, 281, 284
Postoperative vision loss (POVL), 130
Postpartum hemorrhage (PPH), 391–392
Potassium levels rise, 264
Potassium Titanyl Phosphate–Neodymium–Yttrium aluminum garnet

laser (KTP-Nd-Yag), 306
Prasugrel, 17, 75
Prazosin, 186
Predicted risk of mortality (PROM), 74
Preeclampsia, 385

arterial catheter, placing, 386
cerebral edema, cause of, 387
combined spinal–epidural, placing, 386
cure for, 386
delivery of child, 386
diagnosis of, 385
HELLP syndrome, 385, 387
laryngoscopy, 386–387
magnesium sulfate infusion for seizure prophylaxis, 387
minimum platelet count for performing neuraxial technique, 386
placental abruption, risk of, 387
placing an epidural for labor analgesia, 386
prophylactic medication for, 386
risk factors for developing, 385
STAT Cesarean delivery, 386–387
uterotonics, 387

Preganglionic neurons, 67

Pregnancy, nonobstetric surgery during, 395
acute abdominal disease
diagnosis of, 400
incidence of, 400

anesthesia, responsiveness of pregnant women to, 396
anesthetic gases, effects of trace concentrations of, 397–398
anesthetic management, 400–401
behavioral teratology, 398–399
cardiovascular system changes in pregnancy, 396
concerns for fetus when surgery is performed during pregnancy,

396
effects of ultrasonography on fetus, 398
gastrointestinal system changes in pregnancy, 396
incidence of positive pregnancy tests in women of childbearing age

for elective surgery, 395
incidence of surgery during pregnancy, 395
inhalation anesthetic agents effect
on animal fetus, 397
on human fetus, 397

intraoperative cholangiography, 398
intrauterine asphyxia, 399
laparoscopic surgery, 400
maternal carbon dioxide affecting fetus, 399
maternal hypotension affecting fetus, 399
maternal oxygen tension, 399
nonobstetric surgery, timing to perform, 400
nonobstetric surgical procedure performed during pregnancy, 395
pregnancy tests before surgery, 395
preterm labor
anesthesia increasing incidence of, 400
surgical procedure causing, 399
tocolytic agents to prevent, 400

respiratory system changes in pregnancy, 395–396
systemic anesthetic drugs effect
on animal fetus, 396–397
on human fetus, 397

teratogenicity of hypoxia and hypercarbia, 399
teratogens, 396
undergoing surgical procedure under anesthesia, 398
vasopressor, 399

Premature infant, 449
anesthetic requirement of, 454
cardiovascular physiologic differences to consider in, 450
diagnosis and treatment, 450
hematocrit for, 453
“light anesthetic” technique in, 454
minimizing the risk of insult, 455
narcotic/paralytic anesthetic technique, 454
oxygen saturation, decline in, 455
patent ductus arteriosus, 450
during PDA ligation procedure, 454–455
and renal function, 452
risk
for any neurologic complications, 452–453
for hypoglycemia/hyperglycemia, 451–452

temperature regulation difference in, 453–454
thrombocytopenia, incidence of, 453

Prematurity, 415, 416, 449
Preoperative anxiolysis, 258
Preoxygenation, 242, 291
Preterm neonate, 412
Prilocaine, 351
Procaine, 350
Prochlorperazine, 284
Proinflammatory cytokines, 238
Prolactin secreting tumor, 135
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Promethazine, 284, 301
Propofol, 210, 265, 284
Prostanoids, 43t
Protected airway, 195
Proteinuria, 385
Prothrombin complex concentrate (PCC), 329
Prothrombin time (PT), 320

assessment, 320
increase in, 321
performance, 320–321

Proximal aortic diameter scoring, 230t
Pruritus, 380
Pseudocholinesterase, 144
Pulmonary arterial hypertension (PAH), 446
Pulmonary artery catheter (PAC), 24, 36, 78, 230, 471
Pulmonary function tests (PFTs), 158
Pulmonary hypertension, 37, 38, 45, 424

classification of, 38
targeted therapies for, 43t

Pulmonary vascular resistance (PVR), 42, 45, 240, 441, 450
Pulsed dye laser (PDL), 306
Pulse oximetry, 302
Pulsus paradoxus, 62
Pyloric stenosis, 427

anesthesia, 429
emergence, 431
general considerations, 429
induction and intubation, 430
maintenance, 431
muscle relaxation, 430–431
preinduction, 430
preoperative evaluation, 429
preparation and monitoring, 429–430
regional anesthesia, 429

clinical presentation and evaluation, 428
conservative treatment, 429
incidence, 427
inheritance, 427
pain management, 431
pathogenesis, 427–428
postoperative management, 432
preoperative medical treatment, 428
pyloromyotomy, 428
radiolographic studies, 428

Pyloromyotomy, 428
Pyridostigmine, 156

Q
Qualitative test, 144

R
Radioimmunoassay, 156
Radiolabeled octreotide, 256
Ramping, 242
Rapid infusion system, 210
Rapid sequence, 430
Rapid sequence induction (RSI), 195, 210, 277
Recombinant activated factor VII (rFVIIa), 331
Recombinant activated human factor VII (rFVIIa), 322
Recombinant factor VIII (rFVIII) and IX (rFIX), 325
Recurrent laryngeal nerve, 176
Red cell alloimmunization, 336
Regional anesthesia, 23, 36, 115, 116, 163, 265, 343, 464

advantages of, 343

for anticoagulated patients, 368
choosing, 349
contraindications for, 347–348
monitors and equipment required to perform, 349
most commonly used local anesthetics, 349
possible complications of, 348
for ruptured eye surgery, 275

Regional neuraxial anesthesia, 251
Remifentanil, 282, 283
Remote preconditioning, 80
Renal artery stenosis (RAS), 218
Renal failure, 264
Reperfusion injury, 116
Reperfusion therapy, 15
Respiratory distress syndrome (RDS), 412

diagnosis and treatment, 450–451
managing ventilator for patient with, 451

Respiratory distress syndrome (RDS), 416, 450
Respiratory system

changes in pregnancy, 395–396
effects of burn injuries to, 467

Respiratory weakness, 156
Resting heart rate, in transplanted patients, 68
Resuscitation, 468
Retinopathy of prematurity (ROP), 416, 453
Rhabdomyolysis, 242
Rheumatic heart disease, 37
Rheumatoid arthritis (RA), 341
Right coronary artery (RCA), 4, 5
Right coronary dominance, 4
Right internal mammary arteries (RIMA), 76
Right to left shunt, 44
Right ventricular failure, treatment of, 26
Rigid bronchoscopy, 436–437

complications associated with, 437
Rocuronium (ROC), 277, 430
Role of desmopressin (DDAVP) in patients with, 330–331
Ropivacaine, 351, 373
Roux-en-Y gastric bypass, 239
Rule of Nines, 463
Ryanodine receptor protein (RYR1), 161

S
Saline, 267
SA node, 4, 5
Scopolamine, 284
Secondary failure, 373
Seizure prophylaxis, magnesium sulfate infusion for, 387
Sellick’s maneuver. See Cricoid pressure
Semi-Fowler’s position, 244
Serotonin, 206
Serotonin receptors antagonists, 284
Serotonin release assay (SRA), 324
Serum potassium level, 264
Sevoflurane, 210, 282, 300, 397
Shortness of breath (SOB), 19
Sickle cell disease, 333

anesthesia, inducing, 336
anesthetic maintenance, plan for, 336
anesthetic management goals for patients with, 335
anesthetic modality, 335
arterial line, necessity of, 336
central venous pressure catheter, 336
clinical manifestations of, 334
commonly performed surgical procedures, 334
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extubation criteria, 337
fluid management goals, 335–336
hemoglobin level, normal, 334
hydroxyurea used in, 334
incidence of, 334
increasing perioperative complications, 336
intravenous fluid used during surgery, 336
morbidity and mortality, causes of, 334
pain management during surgical procedure, 336–337
post anesthesia care unit, 337
postoperative management goals, 337
premedication, 335
preoperative arterial blood gas, 335
preoperative assessment, 334
preoperative electrocardiogram, necessity of, 335
preoperative hemoglobin level, 335
preoperative neuroimaging, necessity of, 335
pulmonary function tests, 334–335
secure the airway, 336
supplemental oxygen, 337
surgical procedure performed under regional anesthesia, 335
tourniquet, 335
transfusion of patient, 336
for transfusion therapy, 336
urinalysis, 335

Sickle cell pain crisis, 334
Side-effects of pancuronium, 151
Single-chamber ICD, 56f
Single-chamber pacing, 57
Sinusoids, 199
Skin, function of, 466
Sleep apnea, types of, 240
Sleep study, 298
Sleeve gastrectomy, 239
Small for gestational age (SGA), 417
Smoking cessation, 90, 220, 306
Sodium citrate, 277
Somatosensory-evoked potential (SSEP), 115, 124–125

alarm criteria, 125
anesthetic effects on, 124–125
disadvantages of, 125
systemic factors, 125

Somatostatin receptor scintigraphy, 256
Spinal anesthesia, 343, 357

absolute and relative contraindications to, 361
blood supply of spinal cord, 358
correct intervertebral space, identifying, 357–358
current recommendations for treatment of hypotension during, 364
factors influencing block level/distribution during, 360
implications
of antiplatelet agents, 364
of pregnancy on, 364

indications for, 357
intrathecal opioids
side effects of, 361
underlying pathophysiology of respiratory depression with, 361
working of, 361

level of, for different surgeries, 359
local anesthetics, 360–361
lumbosacral approach to the spinal space, 364
mechanism of action of local anesthetic injected into subarachnoid

space, 358–359
physiologic alterations, 359
cardiovascular system, 359
central nervous system, 359
gastrointestinal system, 359

pulmonary system, 359
thermoregulation, 359–360
urinary system, 359

placement of, 358
possible complications of, 361–362
post-dural puncture headache (PDPH)
after spinal anesthesia, 362–363
diagnosing, 362
treatment options for, 363

saddle block, 363
side effects of, 361
using lidocaine/mepivacaine for, 360

Spinal column and spinal cord, anatomy of, 121–122
blood supply to, 122
spinal cord, anatomy of, 122

Spinal cord blood flow (SCBF), 122
Spinal cord injury, 123, 128
Spinal shock, 123
Spine surgery

airway management, 128
allogeneic blood transfusion, 129
anesthetic management, 129
bispectral index monitoring, 129
electromyography during, 126–127
fluid management during, 129–130
indications for, 122
and intraoperative monitoring, 121
intraoperative neuromonitoring (IONM), 124
IONM modalities, 127
monitors, choice of, 129
mortality rate of, 124
motor evoked potentials, 125–126
neurological deficit rate for, 124
physiological effects of prone position, 128–129
plan for extubation after 7 h of, 130
positions used during, 128
postoperative pain management, 130–131
postoperative vision loss, 130
preoperative concerns for, 128
preoperative laboratory tests, 128
SSEP
amplitude reduction, 130
monitoring, 124–125

Spontaneous bacterial peritonitis (SBP), 205
ST elevation MI (STEMI), 13, 15
ST segment elevation myocardial infarction (STEMI), 6, 7
Stable angina, conventional therapies for, 7
STAT cesarean delivery, 386–387
Statin therapy, 107, 220
Stent, 114, 117
Stent thrombosis, 15
Stiff joint syndrome, 170
STOP-BANG questionnaire, 239
STOP-BANG screening tool, 239
Streptococcus bovis, 47
String sign, 428
Stroke, 77, 117
Stroke volume variation (SVV), 221
Structural heart disease antibiotic prophylaxis, 36
STS score, 74
Stylet (intubating bougie), 295
Subacute bacterial endocarditis prophylaxis, 47

antibiotic prophylaxis, 47
case, 47
causative organisms of subacute bacterial endocarditis, 47
endocarditis prophylaxis, 47

490 Index



NICE guidelines versus ACC/AHA guidelines, 47–48
Subarachnoid hemorrhage (SAH), 103

ability for cerebral autoregulation, 104
anesthetic management, 108–109
brain relaxation, 108
hyperventilation in, 108

cerebral perfusion pressure, 108
clinical grading, 104
intraoperative aneurysm rupture management, 109
physiologic abnormalities, 104–105
risk factors for, 103–104
signs and symptoms, 103
transmural pressure, 108
treatment, 105–106

Succinylcholine, 195, 276, 277, 472
appropriate dose of, 144
cardiac side effects of, 145–146
duration of action of, 150
fasciculation seen following administration of, 146
incidence of anaphylaxis related to, 144
mechanism of action of, 143–144
metabolism, 144, 150
onset and expected duration of action of, 144
rapid sequence induction and intubation, performing, 145
renal failure and, 145
response to, for patients with MG, 159
risk for hyperkalemia, 151
serum potassium and, 145
side-effects of, 150–151

Succinylcholine administration
negative side effects of, 144
in pediatric population, 147
significance of trismus following, 147

Succinylcholine (SUX), 430
Sufentanil, 397
Sugammadex, 277
Sulfonylureas, 169
Supplemental oxygen, 409
Supplemental oxygen, delivery of, 291
Supraclavicular block

shortness of breath after, 371–373
ventricular tachycardia and cardiovascular collapse after, 371

Supraclavicular catheter, 373
Supraglottic ventilation, 292
Surgical Care Improvement Project (SCIP), 31
Surgical drainage, 64
Surgical fire, key components for, 307–308

fuels, 308
ignition source/laser, 308
oxidizers, 308

Surgical microscope, 282
Surgical repair, 446
Surgical site infections (SSI), 31
Syndrome of inappropriate ADH secretion (SIADH), 105, 138
Syndrome X, 168
Synthetic epo- or darbepoetin, 264
Synthetic liver function, 209
Systemic inflammatory response syndrome (SIRS), 467
Systemic vascular resistance (SVR), 23, 43, 45, 63, 249, 446, 450
Systolic anterior motion of mitral valve (SAM), 49

T
Tachycardia, 35, 39
Temporary pacing, 83
Tensilon test, 156

Tension pneumocephalus, 99
Tension pneumothorax, signs and symptoms of, 462
Teratogenicity of hypoxia and hypercarbia, 399
Terazosin, 186
Tetracaine, 350
Tetrahydrofolate (THF), 397
Thermal burn, 467
Thermal injury, physiologic derangements after, 467
Thermoregulatory mechanisms, 419
Thiamylal, 396–397
Thiazolidinediones, 169
Thionamide, 178, 179
Third trimester, normal vital signs for pregnant patient in, 389–390
Thoracic epidural analgesia (TEA), 92
Thoracic ultrasound, 372
Thrombin, 391
Thrombin inhibitors, 323
Thrombocytopenia, 204, 386
Thromboelastograph (TEG), 323
Thrombus scoring, 230t
Thumb-technique, 409
Thymectomy, 157
Thyroidectomy, 180
Thyroid gland, 175–176

function of, 176
Thyroid storm, 177–178
Thyrotoxicosis. See Hyperthyroidism
Ticagrelor, 17, 75
Tonsil size evaluation, 298
Tonsillectomy, 297, 301, 302–303

common indications for, 297
Topicalization of airway, 291
Total blood volume, of baby, 417
Total burn surface area (TBSA), 465
Total hip replacement, 341

intraoperative considerations, 343–345
postoperative considerations, 345–346
preoperative considerations, 341–342

Total intravenous anesthesia (TIVA), 109, 277, 283, 310
Tourniquet pain, 373
Tracheoesophageal fistula (TEF), 435

anesthetic maintenance plan, 437
clinical presentation of, 435–436
complications post TEF repair, 438
definition, 435
different types of, 435
extubation, criteria for, 438
maternal polyhydramnios, 435
other anomalies associated with, 435
perioperative pain, managing, 438
plan for induction, 436
prognostic indicators for long-term outcome, 438
right-sided aortic arch, significance of, 437
rigid bronchoscopy, 436–437
complications associated with, 437

thoracoscopic approach
advantages of, 437
disadvantages of, 437

ventilatory difficulty during TEF repair, 437–438
Tracheomalacia, 179, 181, 438
Train-of-four (TOF) stimulation, 146f
Tranexamic acid (TXA), 344–345
Transcatheter aortic valve replacement (TAVR), 35
Transcranial Doppler (TCD), 106
Transcutaneous electrical nerve stimulation (TENS), 353
Transesophageal Doppler, 252

Index 491



Transesophageal echocardiography (TEE), 25, 36, 38, 51, 78–79, 100,
218, 230

Transfusion-associated bacterial sepsis (TABS), 317
treatment, 317

Transfusion reactions, 315
acute hemolytic transfusion reaction, 316
anaphylactic reaction, signs and symptoms of, 315
delayed hemolytic transfusion reaction, 316
febrile non-hemolytic transfusion reaction, 316
transfusion-associated bacterial sepsis (TABS), 317
transfusion-related
acute lung injury, 317
circulatory overload, 317

urticarial transfusion reaction (UTR), 315
Transfusion-related acute lung injury (TRALI), 317

treatment, 317
Transfusion-related circulatory overload (TACO), 317

treatment, 317
Transient ischemic attack (TIA), 113, 114
Transient monocular blindness, 113
Transient neurologic symptoms (TNS), 353
Transitional circulation, 422
Transjugular intrahepatic portosystemic shunting (TIPSS) procedure,

206
Transmural pressure, 108
Transsphenoidal hypophysectomy, 133–139, 136

advantages of, 137
anesthetic plan, 137
complications of, 138
diabetes insipidus, 138
indications for, 136
patient positioning in operating room, 137
postoperative concerns, 137–138
preoperative work up, 136
surgical approach of, 137
syndrome of inappropriate ADH secretion, 138
venous air embolism, 138–139

Transthoracic echocardiography (TTE), 50, 62, 218
Transvenous pacemaker, 56f
Tranversus abdominal plane (TAP) block, 224
Trauma anesthesia, 459

body surface area, estimating extent of burn injuries, 463
complications of surgical cricothyroidotomy, 461
cricothyroidotomy, 461
damage control resuscitation, 462–463
hemorrhage, classes of, 461
intracranial pressure, medical therapies used to decrease, 463
key features
of “hospital” phase of ATLS, 460
of “prehospital” phase of ATLS, 459

lethal triad, 462
pericardial tamponade
signs and symptoms of, 462
treatment, 462

primary survey of trauma patient, 460
rapid way to assess patient on arrival, 460
secondary survey, 460–461
shock, 461
types of, 461

suspect of inhalational injuries in burn situation, 463
tension pneumothorax, 462
traumatic brain injury, classifications of, 463

Trendelenburg position, 242, 249
affecting cardiovascular system, 250
affecting respiratory system, 250

Trismus, 147

Trisomy 21, children with, 298
2-finger-technique, 409
Tylenol metabolism, 268
Tympanomastoidectomy, 281

ETT, 283
facial nerve monitoring and anesthesia plan, 283
intraoperative considerations for, 282
LMA, 283
local anesthetic infiltration, importance of, 282
nitrous oxide, use of, 282–283
plan for emergence of anesthesia, 283–284
precautions regarding patient positioning, 282
preoperative assessment, 281
risks of general anesthesia, 281–282
role of PONV, 284
surgical microscope, use of, 282

U
Ultrasonography, effects on fetus, 398
Unfractionated heparin (UFH), 75, 323
U.S. Eye Injury Register, 278
Upper respiratory infections (URIs), 298
Urticarial transfusion reaction (UTR), 315

treatment of, 315
Uterine atony, 392

risk factors for, 392
Uterine rupture, risk factors for, 389
Uterotonics, 387

V
VACTERL (Vertebral anomalies, imperforate Anus, Congenital heart

disease, TEF/EA, Renal anomalies, Limb anomalies), 435
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