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Stem Case and Key Questions Content 
Part 1a Preoperative Clinic 
A 56 year-old man presents for evaluation prior to undergoing an open right hemicolectomy and 
wedge resection of the right lobe of the liver because of colon cancer with an isolated 1 cm nodule of 
the liver. He has type II diabetes mellitus treated with insulin, obesity (120 kilograms), hyperlipidemia, 
and hypertension. He has smoked for 20 years, but stopped 7 years ago and drinks alcohol socially. 
He works as a computer programmer. 
 
Questions Part 1a Preoperative Clinic: 
1. What other questions should you ask the patient? 
2. What should be investigated on physical exam? 
3. For what perioperative problems is this patient at risk? 
4. What answers would suggest a need for further cardiac testing? 
5. Why consider this patient at risk for liver disease? 
 
Part 1b Preoperative Clinic 
On further questioning, the patient admits to drinking about 3 alcoholic beverages per day and has 
done so for about 10 years. He does not exercise. He lives in a one-level home and his wife performs 
most of the “housework.” He walks his dog around the block but states he has trouble with hills due to 
knee pain and fatigue. 
Physical exam findings include: Height 68 inches, heart rate 90, blood pressure 95/47, respiratory rate 
22, pulse oximetry 92% on room air, lungs are clear to auscultation, heart is regular to auscultation 
with a 1/6 systolic ejection murmur at the right-upper and left-upper sternal border, abdomen is mildly 
distended without a fluid wave, 1+ bilateral pretibial edema, numerous spider angioma over face and 
abdomen. 
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Questions Part 1b 
1. What laboratory values should be ordered? 
2. What cardiac testing if any should be performed? 
 
Part 2 Day of Surgery Perioperative Planning 
Two weeks after seeing the patient in the preoperative clinic you are on call and notice the patient’s 
name on the evening OR schedule. Since the clinic visit he has undergone all testing that was 
ordered. Unfortunately 2 days ago he developed severe nausea and vomiting with significant 
obstipation. He was evaluated by the on-call surgeon today who noted that his colonic tumor had now 
created colonic obstruction. After discussing the case with his partner (the patient’s primary surgeon) 
he decides to proceed with the open right hemicolectomy and partial liver resection. See Table 1 and 
Table 2 for results of his preoperative workup. 
 
Questions Part 2 Day of Surgery Perioperative Planning 
1. What is this patient’s risk of undergoing the stated procedure? 
2. What can be done to lower this patient’s risk? 
3. What anesthetic agents should be used for this patient? 
4. Should this patient have an epidural? 
5. What monitors should be used for this case? 
 
Part 3 Intraoperative 
The surgeon decides to proceed with open colectomy and open partial hepatectomy. Induction of 
anesthesia proceeds without incident. After induction the surgeon requests that you give heparin 5000 
units subcutaneously and it is given. Colectomy is completed with estimated blood loss of 500 ml and 
no soiling of the peritoneum per report. The patient’s blood pressure has declined throughout the 
course of the colectomy and is now 85/40 with heart rate of 117. Prior to proceeding with liver 
resection the surgeon asks you to get the central venous pressure < 4 mmHg. 
 
Questions Part 3 Intraoperative 
1. How should this patient’s hypotension be addressed? 
2. How should central venous pressure be managed? 
3. Should transesophageal echocardiography be used to monitor this patient? 
4. What pharmacologic venous thromboembolism prophylaxis should be used? 
5. How aggressively should this patient be transfused? 
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Model Discussion Content 
This patient has co-morbidities that require further characterization prior to high risk surgery. 
Germaine to this case are the risks of coronary artery disease, obstructive sleep apnea, obesity-
related diseases, pulmonary risk, and potential for alcohol-related disease. Suggested further history 
and physical findings are summarized in Table 1. 
 
Coronary Artery Disease 
The most recent guidelines for evaluating patients for non-cardiac surgery would place this patient at 
elevated risk for major adverse cardiac events based on a history of diabetes requiring insulin and the 
scheduled higher risk procedure.1 Further history related to functional capacity and appropriate 
therapy for suspected cardiac disease should be sought. 
 
Obstructive Sleep Apnea 
This patient has a risk of obstructive sleep apnea (OSA). It is important to assess this risk as 
numerous complications have been associated with OSA including respiratory arrest, cardiac arrest, 
critical airway events, arrhythmia, refractory hypertension, unplanned intensive care unit admissions, 
and prolonged hospitalizations.2 Further OSA risk factors should be sought such as snoring, daytime 
sleepiness, hypopnea, body mass index > 35, age > 50, neck circumference greater than 40 cm, and 
male gender.3,4 

 
Pulmonary Risk 
Other pulmonary risk factors should be assessed as well. A summary of statistically significant 
predictors of pulmonary complications from one study can be seen in Table 2.5 Of note this patient 
has several. Further history related to pulmonary risk should be sought. 
 
Liver Disease 
The risk of this patient having liver disease cannot be ignored. Although his alcohol consumption may 
or may not be sufficient to cause substantial liver disease one should be cognizant of the potential for 
non-alcoholic fatty liver disease (NAFLD.) It has been reported that NAFLD is increasingly being 
diagnosed as the etiology for advanced liver disease (ALD.) 6 This patient has many of the features 
present in NAFLD: obesity, diabetes with insulin resistance, and hyperlipidemia. The rate of NAFLD 
has been reported to be as high as 60% in patients with diabetes and metabolic syndrome.7 
Patients with moderate to severe cirrhosis do not always display overt signs or symptoms of liver 
disease until decompensation occurs. 8 Table 3 summarizes some of the important findings that can 
be present in patients with ALD. 
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Laboratory testing 
Evidence for routine preoperative testing is inconsistent and difficult to place within guidelines.9 There 
is still too little evidence in the literature to make concise recommendations for specific laboratory 
tests.10 Laboratory tests should be selected based on known or suspected problems for which further 
data will impact perioperative management. Table 4 lists possible indications for specific laboratory 
tests as well as the rate that these tests were found by the American Society of Anesthesiologists 
Task Force on Preanesthesia Evaluation (ASA TFPE) to be abnormal or produce changes in clinical 
management with or without indications for the test.11,12 

 
Cardiac testing 
Risk of Perioperative Major Adverse Cardiac Events (MACE) 
The most recent recommendations from the American College of Cardiology and American Heart 
Association were recently published.1 The recent revision of these guidelines provides an algorithm 
for evaluation and testing that combines the patient and surgical risk for perioperative MACE and 
recommends using existing validated risk-prediction tools.1 One such tool is the Revised Cardiac Risk 
Index (RCRI) which assigns one point each for prior known CAD or MI, prior episodes of congestive 
heart failure, chronic kidney disease with creatinine > 2.0, diabetes treated with insulin, 
cerebrovascular disease, or high risk surgery. The RCRI would place patients with > 1 factor at 
elevated risk for MACE.1 The Gupta index is also useful for this purpose 
(http://www.surgicalriskcalculator.com/miorcardiacarrest ).1,13 In addition to patient co-morbid variables 
it combines factors such as type of procedure and whether it is stated as emergent.1,13 

 
After establishing potential risk of MACE it is necessary to determine the patient’s functional capacity. 
Elevated risk patients with > 3 MET functional capacity can reasonably proceed to surgery without 
further testing with a class IIa or class IIb recommendation based on the most recent guidelines.1 
Patients with poor functional capacity may reasonably be considered for stress testing, but only if it 
will change decision-making or the perioperative care plan. In the presence of optimal medical therapy 
there is little benefit to procedural coronary interventions prior to most surgeries with the potential 
exception of very high risk lesions.14 Collaborative discussions should be held with the patient, 
surgeon, and consultants regarding potential for risk reduction and oncologic progression should 
testing reveal positive findings that could delay surgery. Table 4 summarizes the rate at which these 
tests were abnormal as found by the ASA TFPE. 
 
12-lead electrocardiogram (ECG) 
Evidence suggests that ECGs are abnormal in a significant number of patients whether or not they 
have a true indication for the test.11 The usefulness of this test increases with the likelihood of 
significant disease and the risk of the planned surgery.1,11 The current guidelines give a class III (no 
benefit) recommendation for routine ECG testing in low-risk procedures but concede that there may 
be benefit if patients have significant disease processes (class IIa).1 Routine ECG testing may provide 
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the benefit of prognostic information or provide a baseline from which to assess perioperative 
changes even in asymptomatic patients undergoing higher risk procedures (class IIb.)1 

 
Echocardiogram 
Abnormalities of echocardiography are common among patients with an indication for the test.11 The 
current guidelines consider assessment of left ventricular function reasonable for patients that have 
dyspnea of unknown origin or worsening dyspnea with a history of heart failure (class IIa.) or to 
perform repeat echocardiography in patients that have not been re-evaluated in the last year (class 
IIb.)1 

 
Cardiac stress testing 
The rate of abnormalities found on preoperative stress tests when indicated is variable.11 Current 
guidelines provide a class IIa recommendation to forgo further cardiac testing for patients at elevated 
risk if their functional capacity is excellent.1 They suggest that it is reasonable to test patients with low 
or indeterminate functional capacity.1 

 
Coronary angiography 
The rate of angiographic abnormalities is significant when the test is obtained for true indications.11 
Routine angiography for almost any procedure is considered to be of no benefit in current guidelines 
(class III.) 1 Although coronary revascularization is recommended if indicated by current practice 
guidelines regardless of the need for surgery (class I), it is not recommended for the specific 
indication for lowering perioperative MACE (class III.)1 In this particular case the role of angiography 
would be limited. If the patient had a significant finding on stress testing as well as symptoms of 
severe angina or acute coronary syndrome it would more likely be beneficial. 
 
Oncologic Risk 
Little has been published about the oncologic risk of postponing operations specifically for cardiac 
testing. Several reviews have been published related to the optimal timing of surgical interventions for 
specific cancer types. 15,16 The 2014 ACC/AHA guidelines classify cancer surgeries as procedures for 
which delays of greater than 1 to 6 weeks will negatively impact outcomes.1 Whether a postponement 
of surgery could lead to progression of cancer is debatable and should be handled with open 
conversations with the patient and all involved providers. 
 
Medical Optimization 
The 2014 ACC/AHA guidelines for reducing the risk of MACE are summarized below. 
 
Beta blockers 
Chronic beta blockers should be continued (class I) but management should be ultimately determined 
by good clinical judgment (e.g. holding for hypotension) (class IIa.)1 New initiation of beta blocker 
therapy may be beneficial for patients with significant ischemia on stress testing (class IIb) or with 
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RCRI > 3 (class IIb) and this should be done greater than 1 day before surgery (class IIb).1 Starting 
beta blockers on the day of surgery for the purpose of reduction of MACE could cause harm (class 
III.)1 

 
Statins 
Chronic statin therapy should be continued (class I.)1 New initiation of statins is reasonable for 
vascular surgery patients (class IIa) and can be considered in patients having elevated-risk surgery 
with other strong reasons for statin therapy (class IIb.)1 

 
Angiotensin-converting enzyme (ACE) inhibitors / Angiotensin receptor blockers (ARBs) 
It is reasonable to continue chronic ACE inhibitor therapy (class IIa) and to restart it as soon as 
possible if it is held perioperatively (class IIa.)1 

 
Antiplatelet therapy 
It is best to continue dual antiplatelet therapy (DAPT) in the first 4-6 weeks after any type of stent 
(class I) unless bleeding risk precludes this.1 If P2Y12 platelet receptor-inhibitor (PYPRI) therapy must 
be discontinued aspirin (ASA) should be continued and PYPRI therapy restarted as soon as the 
bleeding risk allows.1 Patients already on ASA without prior stents may reasonably continue ASA 
when coronary risk outweighs bleeding risk (class IIb.)1 Initiation of ASA is likely not beneficial unless 
there is significant risk of ischemia that outweighs any potential for bleeding if patients have not had 
stents (class III.)1 Surgery does seem to increase the risk of stent thrombosis for the first 6 months 
after implantation and patients with stents should remain on DAPT for 30 days after bare-metal stents 
and 1 year after drug-eluding stents (DES) (class 1.)1 Some evidence suggests that the risk of 
thrombosis of DES may be less after 6 months. Although not addressed in the formal 
recommendations it may be reasonable to proceed on ASA alone especially greater than 6 months 
after stent placement.1 

 
Risk stratification in advanced liver disease (ALD) 
Preoperative testing revealed several problems but the most significant problem to address may be 
that of performing a high-risk surgery on a patient with ALD. Perioperative risk increases with both the 
extent of liver disease and the risk of the surgical procedure. 17,18 

 
Two major risk stratification systems in liver disease are the Child-Turcotte-Pugh classification and the 
Model for End-Stage Liver Disease (MELD) scoring system (Table 5.)19,20 

 
It is important to recognize that this patient is at significant risk of undergoing an emergent laparotomy 
based on both scoring systems. Studies have shown that patients with CTP class B and C and 
patients with higher MELD≥10 are at increased risk for various adverse outcomes such as mortality, 
hepatic decompensation, bleeding complications, and other morbid events.17,18,21 
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In colectomy, mortality, length of stay, and hospital charges have been shown to be greater in patients 
with cirrhosis.22 These are greater still if cirrhosis is complicated by portal hypertension.22 Mortality is 
increased if surgery is emergent.17,20,22,23 Patients with cirrhosis may have improved outcomes with 
laparoscopic versus open hepatic resection and cholecystectomy.17,24 It may be reasonable to discuss 
whether a full open colectomy with an additional hepatic resection in the emergency setting is 
necessary for this patient. 
 
Perioperative Planning 
Efforts to reduce the incidence of surgical complications in these patients should focus on maintaining 
hemostasis as well as minimizing the potential reduction in hepatic blood flow. 
 
Anesthetic agents 
Most volatile anesthetics reduce total hepatic blood flow (HBF) consistent with reductions in cardiac 
output (CO.)23 The liver autoregulates blood flow by compensatory increases in hepatic arterial blood 
flow (ABF.) Halothane interferes with this while newer anesthetics such as isoflurane and sevoflurane 
do not. These and deflurane appear to be safe in ALD.23 Of note it has been found that lower 
desflurane doses were necessary to achieve a similar bispectral index in patients with MELD≥20 
compared with a group of MELD<20.25 It may be reasonable to use lower doses of volatile anesthetics 
and titrate to an amnestic bispectral index range. 
 
It is thought that intravenous anesthetics also reduce HBF in relation to decreased CO and mean 
arterial pressure (MAP.) Etomidate and thiopental may reduce, ketamine may have no effect, and 
propofol may best preserve HBF.23 There is no reason to believe that total intravenous anesthesia 
would be superior to volatile anesthetics in patients with ALD. In considering the use of intravenous 
anesthetics it should be noted that all except thiopental have significant hepatic extraction and may 
have longer half-lives in these patients, especially when given by infusions.23 If extubation is 
anticipated at the end of the case volatile anesthetics may be a better option. 
 
Most opioids are significantly metabolized by the liver and will have increased elimination half- lives 
when given in significant doses or as infusions.23 Lipophilic opioids which are highly protein bound are 
likely to have increased potency in hypoproteinemic patients.23 Remifentanil maintains its context-
sensitive half-life in patients with liver disease. 
 
Benzodiazepines may also have increased duration of action and potency depending on their extent 
of hepatic metabolism and protein binding. Midazolam has been noted to have increased potency and 
should be used with care in this patient population.23 

 
Liver disease changes the pharmacokinetics and clinical effects of neuromuscular blocking agents 
through increased volume of distribution, decreased hepatic blood flow and extraction, decreased 
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hepatic metabolism, and decreased baseline muscle mass of patients. Non-depolarizing agents 
generally exhibit prolonged half-lives when given in repeated doses or infusions.23,26 Exceptions to this 
are atracurium and cisatracurium which do not depend on hepatic metabolism.23 Higher doses of 
succinylcholine may be needed due to increased volume of distribution while duration of action may 
be prolonged due to decreased levels of plasma cholinesterase. 
 
No specific current anesthetic agents greatly reduce risk in ALD. Choices should be guided by careful 
understanding of drug effects and metabolism in ALD. 
 
Neuraxial techniques 
Epidural analgesia may improve postoperative respiratory function in patients with abdominal 
surgery.27 They may provide better analgesia, improve postoperative bowel function, and reduce the 
need for unpredictably-eliminated opioids.28,29 

 
Potential risks to consider would be neuraxial complications of bleeding after placement or removal of 
the catheter, local anesthetic toxicity, and hypotension. This patient has hemostatic parameters that 
would allow epidural placement but these may change in the perioperative period. Although 
administering local anesthetic via epidural catheter is generally safe studies have demonstrated 
slower ropivacaine elimination in patients with ALD.30 Avoiding high infusion rates of local anesthetics 
should be considered. Finally epidural analgesia is commonly associated with perioperative 
hypotension.27 Although HBF can be restored to normal with both fluid and inopressor administration 
the threat of ongoing perioperative hypotension should be recognized.23 

 
Hemodynamic management 
Careful hemodynamic management may affect outcomes in ALD even if not proven by randomized 
trials. Reductions in CO and MAP have immediate effects on HBF that must be addressed rapidly. 
Invasive arterial blood pressure monitoring is reasonable in patients that cannot tolerate hypotension 
and may allow prevention and rapid correction of hypotension. 
 
Arterial line placement allows the use of pulse contour cardiac output monitoring. Unfortunately results 
have suggested that this form of monitoring may produce too much error in CO assessments when 
patients have decreased or rapidly changing vascular tone.31 This technology allows assessment of 
stroke volume variation over time which may be a better parameter for assessing preload in high-risk 
surgery.32 Other parameters that may correlate with cardiac output include pulmonary artery catheter 
right-ventricular end-diastolic volume index, mixed venous oxygen saturation, and esophageal echo-
Doppler assessments.33-35 Use of any of these adjunctive monitors may be helpful for appropriately 
managing hemodynamics in this patient. 
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Hypotension 
The optimal treatment of hypotension in a patient with ALD is unclear. Fluids and inopressors can 
restore hepatic oxygen delivery in cases of high neuraxial blockade.23 Restoration of cardiac output is 
the primary end-point while use of pressors to stress the venous and arterial circulations is a 
temporary solution during surgery. Unfortunately some evidence suggests that commonly employed 
therapies such as phenylephrine, norepinephrine, and epinephrine may cause significant reductions in 
HBF while at the same time increasing MAP, suggesting a point of diminishing return. Some animal 
data suggest that higher doses of alpha adrenergic stimulation may decrease hepatic arterial blood 
flow while beta adrenergic agonism may help to maintain it.36,37 

 
With pulmonary hypertension and RV dysfunction patients need careful monitoring for signs of RV 
failure. Risk factors for poor outcomes in pulmonary hypertension include pulmonary embolism, New 
York Heart Association functional class ≥2, intermediate or high risk surgery, and duration of 
anesthesia >3 hours.38 Although it may seem excessive to invasively monitor pulmonary artery 
pressures, cardiac output, and RV function in this case it may not be unreasonable in the setting of 
worsening hypotension of unclear etiology. Rising central venous pressure (CVP), declining MAP, 
increases in the pulmonary vascular resistance, or decreases in the pressure gradient across the RV 
(mean PA pressure minus CVP) could suggest RV failure. If used, transesophageal 
echocardiography, which has been shown to be safe in patients with ALD, might show a flattened 
intraventricular septum, D-shaped ventricle, and enlarged hypokinetic RV.39,40 

 
Central venous pressure 
It is not uncommon for surgeons to request a reduction in central venous pressure while performing 
hepatic resections to reduce risk of bleeding. A recent meta-analysis found 5 randomized-controlled 
trials of low controlled CVP techniques for hepatic resection. This report concluded from analysis of 
the combined 283 patients studied that low controlled CVP reduced blood loss without significant liver 
or kidney dysfunction.41 Although the above discussion about pulmonary hypertension and systemic 
hypotension must be considered, in many cases low CVP techniques may be beneficial for liver 
resection. 
 
Hemostasis in cirrhosis 
Assessments of anemia and coagulation should be performed frequently throughout this case. This 
patient is at risk for both bleeding and thrombosis. Patients with ALD have reduced levels of both pro- 
and anti-coagulant factors in the blood.42 They can be easily made hypocoagulable with dilution and 
consumption of clotting factors during surgery. They can also be made hypercoagulable with massive 
transfusion of plasma, platelets, and cryoprecipitate and massive thromboembolic events during 
surgery have been reported in patients with ALD.42 Although most would recognize this patient’s 
propensity to bleed it would be prudent to carefully consider how aggressively to transfuse blood 
products. Given this patient’s clinical scenario (cancer) it would even be reasonable to use 
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pharmacologic venous thromboembolism prophylaxis as the surgeon has requested. To better assess 
the potential for thrombosis a whole blood clotting assay such as thromboelastography should be 
used. It may be reasonable to withhold transfusion in the presence of prolonged clotting times or 
reduced platelet count if there are initial signs of hypercoagulability and/or if the surgical field does not 
show signs of bleeding. 
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