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         Introduction 

 In order to properly discuss the anesthetic man-
agement of patients with cardiac comorbidities 
undergoing liver transplantation (LTx), we will 
 fi rst brie fl y describe the cardiovascular changes 
that occur as a result of liver failure, including 
hemodynamic changes and cirrhotic cardiomyo-
pathy. We will then concentrate on the following 
comorbidities: coronary artery disease (CAD), 
valvular heart disease, and hypertrophic obstruc-
tive cardiomyopathy (HOCM). Preoperative 
diagnosis of cardiac comorbidities is essential to 
ensure preoperative optimization and proper 
intraoperative management and helps in deter-
mining the potential need for combined cardiac 
surgery and LTx. Poor left ventricular function 
(ejection fraction <35%) or severe cardiac dis-
ease that cannot be improved or corrected is con-
sidered to be contraindication for LTx, and only 
rarely can a patient with these conditions be con-
sidered for combined heart Tx/LTx  [  1  ] .  

   The Cardiovascular Changes 
in End-Stage Liver Disease 

 Severe liver disease results in signi fi cant changes 
in the circulation and cardiac function, which can 
be summarized as a hyperdynamic circulation; 
this is characterized by increased cardiac output, 
heart rate, and blood volume; peripheral vasodila-
tion; and low systemic blood pressure  [  2  ] . With 
mild liver dysfunction, the cardiovascular changes 
may be nearly imperceptible clinically; however, 
the circulatory effects may already have well pro-
gressed. The arterial compliance increases, and 
the overall systemic vascular resistance (SVR) 
decreases incrementally, corresponding to the 
degree of liver failure. As liver dysfunction pro-
gresses, the circulatory burden of biologically 
active compounds such as estrogen, bradykinin, 
prostacyclin, nitric oxide (NO), and vasoactive 
intestinal peptide exerts a predominantly vasodi-
lator effect on the vascular smooth muscle. These 
and other vasodilating substances are overpro-
duced or cleared less (as a result of reduced 
metabolism in the diseased liver or due to bypass-
ing the liver); furthermore, there may be an 
increased sensitivity to their vasodilatory effects. 
In addition, peripheral arteriovenous communica-
tions form, and the sensitivity to vasoconstrictors 
such as norepinephrine, vasopressin, and endothe-
lin-1 decreases due to a reduced number of recep-
tors in combination with post-receptor defects. 

 Although SVR decreases in patients with 
severe liver disease, not all vascular beds are 
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affected in the same way. As the primary distur-
bance in end-stage liver disease (ESLD), portal 
hypertension develops as a result of increased 
hepatic vascular resistance at the level of the 
sinusoids and is a direct consequence of local 
structural changes ( fi brosis and regeneration nod-
ules) and sinusoidal vasoconstriction (locally 
decreased NO production and increased local 
release of and sensitivity to vasoconstrictors such 
as endothelin, angiotensin II, catecholamines, 
and leukotrienes). The spanchnic circulatory 
response to portal hypertension is characterized 
by a massively increased local production of NO 
resulting in severe vasodilation of the splanchnic 
circulation. In addition, splanchnic vessels are 
less responsive to vasoconstrictors and release of 
substances such as vascular endothelial growth 
factor result in the creation of portosystemic col-
laterals. Other vascular beds, however, undergo 
vasoconstriction as a result of activation of com-
pensatory mechanisms (see below). 

 The severe splanchnic vasodilatation leads to 
intravascular volume redistribution, which results 
in a reduction in central and arterial blood volume 
and an increase in noncentral blood volume (mainly 
splanchnic system) (Fig.  21.1 )  [  3  ] . This is detected by 
central baroreceptors and leads to an activation of 
compensatory mechanisms, mainly the sympathetic 
nervous system (SNS) and renin–angiotensin–
aldosterone system (RAAS). There is also an initial 
increased release of vasopressin by the pituitary 
gland and an increased concentration of circulatory 
endothelins. In combination with the reduction in 
SVR, the stimulation of the SNS and RAAS results 
in a large increase in stroke volume and cardiac out-
put. Eventually, with progressive liver failure, the 
SNS and RAAS become maximally stimulated, and 
the increase in cardiac output and vasoconstriction 
in certain vascular beds is insuf fi cient to maintain 
an effective circulatory volume and compensate for 
the massive vasodilation of the splanchnic sys-
tem. As a consequence, blood pressure gradually 
decreases and progressive autonomic dysfunction 
and baroreceptor insensitivity will further exacer-
bate this inadequate compensation.  

 Activation of the SNS and RAAS can be det-
rimental to the function of other organs. Indeed, 
the persistent sympathetic stimulation results in 

vasoconstriction of coronary, cerebral, and renal 
vessels. This is most apparent in the kidneys, 
where reduction of blood  fl ow in addition to a 
reduced circulatory volume may result in the pro-
gression to hepatorenal syndrome with  fl uid 
retention, hyponatremia, and ascites formation. 

 Although activation of the SNS results in a 
persistent state of sympathetic stimulation, it does 
not necessarily lead to a better myocardial perfor-
mance. On the contrary, ESLD may cause pro-
gressive myocardial dysfunction called cirrhotic 
cardiomyopathy. Cardiac dysfunction in liver dis-
ease unrelated to alcohol was  fi rst described by 
Ma in 1996 and consists of systolic dysfunction, 
diastolic dysfunction, and electrophysiologic 
abnormalities  [  4  ] . Despite increased cardiac out-
put in ESLD, the systolic contractility and dia-
stolic relaxation are attenuated. Furthermore, 
repolarization changes such as prolonged QT 
interval (which may improve after  b -blocker ther-
apy) and reduced inotropic and chronotropic 
response to  b -adrenergic stimulation may occur. 
Although cirrhotic cardiomyopathy is usually not 
apparent at rest, it becomes noticeable during car-
diac stress (increase in preload or afterload). For 
example, cardiac dysfunction may become clini-
cally relevant for the  fi rst time after transjugular 
intrahepatic portosystemic shunt (TIPS) place-
ment or in the early postoperative period after 
LTx. The cause of cirrhotic cardiomyopathy is 
multifactorial; this includes circulating myocar-
dial depressant substances (tumor necrosis factor-
 a , bile acids, endotoxins, cytokines, carbon 
monoxide, endogenous cannabinoids, etc.) and 
downregulation of  b - receptors (reduced  b -recep-
tor density, desensitization of  b -receptors, and 
abnormal excitation– contraction coupling). 
Furthermore, morphologic changes in the heart 
such as cardiac hypertrophy and patchy areas of 
 fi brosis and subendothelial edema may occur and 
further contribute to the systolic and diastolic dys-
function. One of the early indicators of cirrhotic 
cardiomyopathy is diastolic dysfunction, which 
can be seen in many patients with ESLD. Typically 
there is a decreased E/A ratio on Doppler echocar-
diographic examination of the blood  fl ow through 
the mitral valve; the E wave represents early pas-
sive transmitral  fl ow, while the A wave represents 
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transmitral  fl ow as a result of atrial contraction. It 
is unclear whether diastolic dysfunction is a good 
marker for the degree of cirrhotic cardiomyopathy 
or whether it correlates well with systolic dys-
function; however, there is evidence that diastolic 
dysfunction precedes systolic dysfunction  [  5  ] .  

   Coronary Artery Disease 

   CAD Does Occur in Patients with ESLD 

 In the 1960s and 1970s, it was thought that 
patients with severe liver disease had a low inci-
dence of CAD, based on a lower incidence of 
hypercholesterolemia, increased levels of circu-
lating estrogen (resulting in protection against 

atherosclerosis), and decreased SVR thereby 
eliminating, at least in theory, hypertension as 
risks factors for CAD  [  6  ] . However, there is 
increasing evidence that the prevalence of CAD 
in patients with ESLD is higher than previously 
thought and maybe even higher than in the gen-
eral population (20% vs. 12%, respectively)  [  7, 
  8  ] . Obesity, nonalcoholic steatohepatitis (NASH) 
and other in fl ammatory liver conditions, and 
advancing age of the LTx candidate have lead to 
an increasing prevalence of atherosclerosis  [  9, 
  10  ] . Interestingly, the prevalence of CAD is much 
higher in patients with alcoholic liver disease 
(31%) and NASH (27%) than in patients with cir-
rhosis due to other causes (2.4%)  [  11  ] . This could 
be related to a higher incidence of  smoking, dia-
betes mellitus, older age, and hypertension in 

  Fig. 21.1    Pathophysiology of hemodynamic changes in 
cirrhosis: Systemic overproduction of vasodilators results 
in arteriolar vasodilation and low systemic vascular resis-
tance (SVR), resulting in low blood pressure. Redistribution 
of blood results in a reduction in central blood volume and 
lung blood volume. Consequently, there is activation 

of sympathetic nervous system (SNS) and renin–
angiotensin–aldosterone system (RAAS) and increased 
plasma concentrations of endothelin-1 (ET-1). This 
leads to increases in cardiac output, heart rate, plasma 
volume ( fl uid and water retention), and splanchnic blood 
 fl ow       
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patient with alcoholic liver disease and NASH, 
but it is unlikely that these risk factors by them-
selves can account for the higher incidence of 
CAD. There is also evidence that while light to 
moderate alcohol intake reduces the risk for 
CAD, heavy episodic alcohol drinking may actu-
ally increase its risk  [  12  ] . The prevalence of CAD 
in patients with viral cirrhosis, however, is lower 
than in patients without cirrhosis  [  13,   14  ] . 
Although there is limited comparative data about 
the prevalence of CAD in patients with cirrhosis 
with different etiologies, one must assume that 
CAD has a higher overall incidence in patients 
with ESLD than in the general population, mainly 
due to the high incidence of CAD in patients with 
alcoholic liver disease and NASH. 

 The reported prevalence of signi fi cant CAD 
(de fi ned as at least one coronary artery stenosis 
 ³ 50%) in patients with ESLD varies widely from 
2.5 to 27%. There are several reasons for this vari-
ability. First, most studies have looked at a rela-
tively small number of patients and second some 
studies based the diagnosis of signi fi cant CAD on 
abnormal screening tests such as positive dobu-
tamine stress echocardiography (DSE). Third, the 
only method to determine the true incidence of 
CAD is by coronary angiography, and in most 
studies, coronary angiography was only performed 
in the subgroup of patients with abnormal screen-
ing tests or with multiple risk factors for CAD 
 [  15–  17  ] . Interestingly, Carey found an incidence 
of CAD of 27% in 37 LTx candidates older than 45 
years who underwent coronary angiography with-
out consideration of other risk factor  [  18  ] ; these 
results raise doubt on the appropriateness of risk 
strati fi cation of patients that were referred to coro-
nary angiography in other studies; however, this 
study was limited due to its small sample size (37 
patients). Therefore, the true incidence of CAD in 
patients with ESLD remains unknown.  

   Consequence of CAD in Patients 
Undergoing LTx 

 Why is there so much emphasis on the preopera-
tive diagnosis of CAD? LTx is a procedure that 
creates a substantial stress for the heart with 

 virtually unavoidable episodes of often severe 
tachycardia and hypotension. Furthermore, plaque 
rupture resulting in acute coronary artery throm-
bosis and myocardial infarction may be related to 
a chronic in fl ammatory state. Episodes of hyper-
coagulability further increase the perioperative 
risk through intracoronary thrombus formation 
triggered by an area of coronary atherosclerosis. 
Therefore, CAD is considered to increase the 
peri- and postoperative risk. In 1996, Plotkin et al. 
reported a 50% 3-year mortality rate after LTx in 
patients with CAD, irrespective of whether the 
management of CAD was medical or surgical 
 [  19  ] . Management options for CAD have evolved 
since then and we can now choose among medical 
management, percutaneous transluminal coronary 
angioplasty (PCTA), coronary stenting with bare 
metal or drug eluting stents, coronary artery 
bypass surgery (CABG), and off-pump CABG 
(OPCAB), with cardiac surgery being performed 
before LTx or as a combined procedure. As a 
result, a more recent study demonstrated an 
improved outcome, although the mortality rates 
were still higher than in the general LTx popula-
tion: 1-year mortality rate of 12.9% vs. 2.4% and 
3-year mortality rate of 26.2% vs. 7.1%, respec-
tively  [  20  ] . Postoperatively, CAD continues to be 
a signi fi cant cause of mortality after otherwise 
successful LTx  [  21  ] .   

   Preoperative Evaluation 

 Preoperative risk strati fi cation is guided by tradi-
tional CAD risk factors that include age >50 
years, diabetes mellitus, peripheral vascular dis-
ease, and history of CAD  [  22  ] . Interestingly, 
acute renal failure also increases cardiovascular 
risk in LTx patients  [  23  ] . Patients with no prior 
screening tests but several risk factors for CAD 
had a 26% incidence of moderate or severe CAD 
during coronary angiography, suggesting that 
CAD is quite common in patients with ESLD 
 [  17  ] . However, not all LTx candidates can or 
should undergo coronary angiography as the pro-
cedure is associated with signi fi cant risks such as 
femoral artery and renal injury  [  24,   25  ] . However, 
LTx candidates often present with a poor 
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 functional status and hepatic encephalopathy, 
making the clinical diagnosis of signi fi cant CAD 
through eliciting signs and symptoms or exercise 
tolerance challenging and nearly impossible. For 
the same reasons, exercise testing is rarely feasi-
ble. Therefore, there is a real need for improved 
understanding who should receive what screen-
ing test and who should then undergo coronary 
angiography. 

   Dobutamine Stress Echocardiography 

 DSE is the most frequently used screening test 
for CAD in LTx candidates. Dobutamine is 
administered at an increasing dose in an attempt 
to achieve 85% of the predicted maximal heart 
rate. The associated increase in myocardial oxy-
gen demand attempts to mimic the physiologic 
stress that the myocardium undergoes in the peri-
operative period. Obstructive CAD is detected by 
regional wall motion abnormalities in the myo-
cardial territories at maximal heart rate. Several 
studies show that a negative DSE is highly pre-
dictive of a myocardial injury-free perioperative 
course  [  15,   16,   26–  28  ] , and thus, a normal DSE 
has a good negative predictive value (range 
89–100%). The negative predictive value, how-
ever, is reduced from 86 to 80% when non-diag-
nostic tests (due to inability of up to 50% of 
patients to reach the target heart rate) are included 
 [  29  ] . Others found an even lower negative predic-
tive value (75% and 79%)  [  30,   31  ] . Another 
interesting  fi nding is that patients who did not 
reach the target heart rate during DSE (“chrono-
tropic incompetence”) had a higher incidence of 
cardiac complications up to 4 months after LTx 
 [  27  ] . The positive predictive value of DSE is not 
nearly as good, ranging from 22 to 44%  [  15,   16, 
  26,   28,   30,   31  ] . Therefore, an abnormal DSE is 
not necessarily caused by signi fi cant CAD. It has 
been suggested that the positive predictive value 
may be improved by the use of real-time contrast 
myocardial echocardiography for patients with 
intermediate risk factors for CAD  [  31  ] . The wide 
variability among various studies likely arises 
from differences in institutional protocols in 
selecting patients for DSE, coronary  angiography, 

and de fi nitions of outcomes. For example, CAD 
can be de fi ned as coronary obstruction >50% vs. 
>70%, perioperative myocardial infarction can 
be diagnosed based on different troponin cutoffs, 
and end point could be cardiac mortality or any-
cause mortality. In addition, many patients failed 
to achieve the predicted maximal heart rate, ren-
dering the ability of interpreting the DSE rather 
marginal  [  27,   30  ] . This may be the result of the 
use of  b -blockers as part of medical management 
of portal hypertension, in addition to downregu-
lation of  b -receptors in ESLD (see above). 
Withholding  b -blockers before the test and the 
administration of atropine has been recommended 
to reduce the number of inconclusive tests due to 
submaximal heart rates  [  27  ] , but withholding 
 b -blockers may increase the risk of variceal 
bleeding  [  32  ] . Because of the relatively poor pre-
dictive value of DSE in predicting perioperative 
cardiac events or early mortality, some clinicians 
deem alternative or additional screening tests for 
CAD necessary in order to avoid unnecessary 
coronary angiographies. However, in our opin-
ion, it is still much better to obtain some false-
positive screening test results (resulting in 
unnecessary coronary angiographies) than too 
many false-negative results resulting in patients 
accepted for LTx with unrecognized signi fi cant 
CAD. Also, no other screening test has a better 
positive predictive value than DSE at this time.  

   Myocardial Perfusion Scan 

 Single photon emission computed tomography 
(SPECT) myocardial perfusion scintigraphy is 
another screening test for CAD. It uses exer-
cise, dobutamine, or vasodilators such as ade-
nosine or dipyridamole to stress the 
myocardium and determines the relative blood 
 fl ow to different areas of the myocardium. 
Defects in perfusion can be classi fi ed as  fi xed 
(scar) or reversible (presumably ischemia), 
and defects in at least three segments (out of 
17 or 20) are indicative of at least moderate 
risk for CAD  [  33  ] . Overall, the positive pre-
dictive value (range: 15–50%) and the nega-
tive predictive value (range: 77–99%) are 
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worse than for DSE  [  34–  37  ] . These results are 
worse than those in patients without liver dis-
ease; this can be attributed to the decreased 
baseline arterial vascular resistance in patients 
with ESLD, as the typical response of the cor-
onary arteries to vasodilators may not be 
achieved  [  35  ] . In addition, false-positive tests 
could be the result of abnormal coronary 
microvascular tone  [  38  ] , which has also been 
observed in patients without severe liver dis-
ease  [  39  ] . This abnormal microvascular (coro-
nary) blood  fl ow (in the presence of normal 
coronary angiography) may be associated with 
a higher perioperative morbidity and mortality 
rate, sepsis, and graft failure  [  40  ] . Furthermore, 
ascites may result in attenuation artifacts in 
the inferior wall that may mimic ischemia or 
scar tissue  [  36  ] . Therefore, a high number of 
false-positive results makes this test less accu-
rate  [  37  ] , and myocardial perfusion scan may 
be only indicated as a screening test in patients 
with several risk factors for CAD who do not 
tolerate or have an inconclusive DSE.  

   Computerized Tomography (CT) 
Coronary Angiography and Coronary 
Artery Calci fi cation 

 Coronary artery calci fi cation (CAC) determined 
by multisection CT re fl ects the degree of 
calci fi cation of coronary atherosclerotic lesions 
and may be an indicator of the degree of coro-
nary obstruction. There is a good correlation 
between the CAC score and the presence of risk 
factors for CAD  [  41,   42  ] , but currently, no stud-
ies compare the CAC scores to traditional con-
trast coronary angiography in the catheterization 
laboratory, nor are there any outcome studies. 
However, not all plaques are calci fi ed and using 
the same test CT coronary angiography theoreti-
cally allows the detection of noncalci fi ed plaques 
 [  41  ] . Again, there are no studies that compare 
abnormal CT coronary angiography tests with 
traditional contrast coronary angiography, and 
therefore, the usefulness of CT coronary angiog-
raphy in patients with ESLD remains to be 
determined. 

 In conclusion, the currently available screen-
ing tests for CAD are not very good. Both DSE 
and myocardial perfusion scan have a good neg-
ative predictive value, but the positive predictive 
value is not nearly as good, although slightly 
better for DSE than for MPS. There is little expe-
rience with CT coronary angiography, and it is 
therefore dif fi cult to estimate its ability as a 
screening test for CAD in LTx candidates. Since 
DSE gives additional information about cardiac 
function, valvular disease, hypertrophic cardio-
myopathy, peak right ventricular pressure, and 
hepatopulmonary syndrome, it seems to be the 
preferred screening test at this time  [  8  ] . An 
excellent algorithm to screen for CAD has 
recently been presented by Ehtisham et al.  [  8  ]  
(Fig.  21.2 ).   

   Invasive Evaluation of CAD (Diagnosis) 

 Coronary angiography using the standard dye 
technique in the catheterization laboratory is con-
sidered the gold standard for detection of CAD. 
A positive screening test for CAD should be fol-
lowed by coronary angiography to con fi rm the 
presence of CAD considering the relatively low 
positive predictive value of these screening tests. 
Infrequently, coronary angiography is performed 
in candidates with several cardiac risk factors 
(e.g., diabetes, age >50 years, hypertension, 
smoking, family history of CAD, and hypercho-
lesterolemia) even in the presence of a normal 
screening tests. This may be justi fi ed in patients 
with >2 risk factors for CAD  [  17  ] , especially in 
patients with alcoholic liver disease and NASH, 
as the incidence of CAD is signi fi cantly higher in 
these patients. 

 Cardiac catheterization and coronary angiog-
raphy are associated with a higher number of 
complications in patients with ESLD compared to 
patients without ESLD: patients with ESLD may 
have less renal function reserve, resulting in a 
higher incidence of renal dysfunction, and there is 
an increased incidence of bleeding complications 
at the site of vascular access  [  25  ] . Using the radial 
artery for vascular access is becoming more popu-
lar as it may have a reduced complication rate.   
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   Management of CAD 

 If signi fi cant CAD is diagnosed preoperatively, 
the coronary status of these patients should be 
optimized prior to LTx because if left untreated 
the perioperative mortality is excessively high 
 [  43  ] . The best strategy to accomplish this has not 
been determined, since no randomized controlled 
trials have compared percutaneous revasculariza-
tion to surgical techniques in this population. The 
main therapeutic options besides medical man-
agement are placement of coronary stents, coro-
nary artery bypass grafting (CABG), and 
off-pump coronary artery bypass (OPCAB). 

   Coronary Stent Placement 

 Although coronary stent placement is an effec-
tive method of revascularization it is not without 
risks in patients with ESLD. Antiplatelet therapy 
is required after stent placement in order to 

 maintain patency and this further increases the 
risk of bleeding complications. However, the 
potential for clot formation is not as abnormal in 
patients with ESLD as previously thought  [  44  ] , at 
least in part due to increased concentration of von 
Willebrand factor  [  45  ] . Most commonly bare 
metal stents are used instead of drug eluting stents 
because bare metal stents are covered faster by an 
endothelial layer and therefore do not require 
prolonged dual antiplatelet therapy (1 month vs. 
12 months). The disadvantage of bare metal 
stents is the higher long-term restenosis rate, but 
this may not result in a higher incidence of acute 
myocardial infarction or death. Just like with 
coronary angiography, there are similar risks 
associated with arterial vascular access.  

   CABG 

 Coronary artery bypass grafting (CABG) may be 
the only option in patients with signi fi cant CAD 

Low Risk Intermediate or High Risk

b blockers for portal hypertension?

No Yes

Low
Assess risk of

hemorrhage if stopped
Intermediate or High

Function Assessment
with Dobutamine stress

echocardiography

Positive or 
Target heart rate not achieved

Negative

Proceed to Transplantation

Invasive Coronary Angiography

Assess the need and risk of revascularization

for:  1. A prior history of coronary artery disease
     2. Conventional cardiovascular risk factors

  Fig. 21.2    Coronary artery disease in orthotopic liver transplantation: Pretransplant assessment and management (from 
Ehtisham et al.  [  8  ] ; with permission)       
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that cannot be corrected by coronary stent place-
ment. However, CABG in patients with ESLD 
and CAD prior to LTx is associated with a high 
mortality, mainly as the result of postoperative 
liver failure  [  46–  49  ] . Other complications include 
renal failure, infections, and bleeding  [  46,   47,   49, 
  50  ] . Patients with mild cirrhosis (Childs A) have 
up to 25% morbidity (usually late postoperative 
liver failure and wound infections) but a low inci-
dence of mortality  [  51  ] . Patients with moderate 
cirrhosis (Childs B) have a morbidity of almost 
100% and mortality of up to 30%. Non-pulsatile 
blood  fl ow during cardiopulmonary bypass 
results in systemic in fl ammattion further contrib-
uting to liver dysfunction or liver failure. CABG 
is therefore an unattractive option for myocardial 
revascularization in patients with ESLD awaiting 
LTx. A better alternative may be simultaneous 
CABG/LTx, with the cardiac procedure per-
formed  fi rst, resulting in excellent results, 
although it requires signi fi cant multidisciplinary 
coordination and cooperation from the cardiac 
surgical team  [  52  ] .  

   OPCAB 

 Off-pump coronary artery bypass (OPCAB) 
offers several theoretical advantages over CABG: 
no need for cardiopulmonary bypass and there-
fore less requirement for anticoagulation and bet-
ter pulsatile organ perfusion. Therefore, if CAD 
is the only cardiac lesion to be corrected, then 
OPCAB would theoretically offer signi fi cant 
advantages, especially in patients with ESLD 
 [  47  ] . While some studies con fi rmed this  [  48,   53, 
  54  ] , others found no improvement in incidence of 
hepatic dysfunction and overall mortality when 
OPCAB was used  [  55  ] .   

   Valvular Disease 

 Mild or moderate valvular disease in patients 
with ESLD is usually well tolerated. The 
 incidence of mild or moderate tricuspid and 
mitral regurgitation is higher than in the general 
population  [  56  ]  possibly due to cirrhotic 

 cardiomyopathy and subsequent ventricular 
remodeling. These conditions require no special 
consideration  perioperatively, although patients 
may require more blood transfusions and inotro-
pic support  [  56  ] . Also, patients with severe valve 
disease with mild liver disease tolerate cardiac 
surgery better with a somewhat increased com-
plication rate similar to patients with mild liver 
disease undergoing CABG  [  47,   50  ] . 

 Perioperative management of patients with 
severe valvular disease and severe liver disease is 
very complex. If an attempt is made to surgically 
correct the valvular disease using cardiopulmo-
nary bypass prior to LTx, the outcome will be as 
poor as the results of CABG in patients with 
ESLD  [  47,   48,   50  ] . Few patients underwent such 
an operation successfully  [  57,   58  ] , and other 
options need to be explored. Percutaneous bal-
loon valvuloplasty, avoiding cardiopulmonary 
bypass, could be used to correct severe mitral or 
aortic stenosis. Another option is a simultaneous 
valve replacement and LTx, although this requires 
a thoracoabdominal incision, cardiopulmonary 
bypass at the time of LTx, and initiation of immu-
nosuppression  [  59  ] .  

   Hypertrophic Obstructive 
Cardiomyopathy 

 HOCM is characterized by an asymmetrically 
hypertrophied non-dilated left ventricle, poten-
tially causing left ventricular out fl ow tract 
(LVOT) obstruction. It has a genetic inheritance 
pattern, although it can be the result of de novo 
genetic mutation, and has an incidence of about 
0.2% of the general population  [  60  ] . Although 
frequently asymptomatic, some patients develop 
anginal chest pain, dyspnea, or syncope, and it 
can progress to congestive heart failure or sudden 
death as a result of dynamic LVOT obstruction, 
mitral regurgitation, diastolic dysfunction, myo-
cardial ischemia, or arrhythmias  [  60  ] . LVOT 
obstruction caused by septal hypertrophy 
becomes hemodynamically more signi fi cant in 
the presence of systolic anterior motion (SAM) 
of the anterior mitral lea fl et that prevents com-
plete ejection of the stroke volume and results in 
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a sudden drop in cardiac output. Echocardiography 
is the most useful method of diagnosing HOCM 
as it allows visualization of the HOCM, diagno-
sis of SAM, and estimation of the degree of 
obstruction  [  60  ] . Volume status, afterload, and 
myocardial contractility all affect the degree of 
LVOT obstruction and mitral regurgitation. 
Speci fi cally, low SVR and a hyperdynamic left 
ventricle will worsen LVOT obstruction espe-
cially in hypovolemic patients. The hemody-
namic goal is to prevent conditions that would 
result in obliteration of the LV cavity and ulti-
mately LVOT obstruction. Such treatment modal-
ities are focused on increasing LV cavity size by 
avoiding hypovolemia and reducing contractility 
with  b -blockers. Myectomy and alcohol septal 
ablation are reserved for patients with drug-
refractory heart failure symptoms  [  60  ] . 

 HOCM poses a particular dif fi culty for patients 
with ESLD as some of the circulatory abnormalities 
in ESLD promote LVOT obstruction. LVOT 
obstruction can be diagnosed by DSE, but the inci-
dence seems to be quite variable ranging from low 
(two out of 157 patients developed high LVOT gra-
dients during DSE)  [  27  ]  up to 43% of all patients 
 [  61  ] . It is possible that the diagnosis of LVOT 
obstruction with DSE depends on if one is actually 
looking for LVOT obstruction. A LVOT gradient of 
>35 mmHg has resulted in denial for transplanta-
tion, even though the reported perioperative mortal-
ity is not increased  [  61  ] . Options for patients rejected 
for LTx because of a high LVOT obstruction include 
myectomy and alcohol septal ablation. Myectomy 
in patients with ESLD may be a poor choice with 
high mortality rate mainly resulting from the need 
for cardiopulmonary bypass  [  47  ] , although a com-
bined myectomy–LTx can be an option. Alcohol 
septal ablation is less invasive but may be associated 
with several complications as well  [  62  ] , and cur-
rently, there are only a few case reports of patients 
with ESLD who received alcohol septal ablation 
prior to LTx  [  63,   64  ] . 

 Although ESLD and LTx result in hemody-
namic conditions that worsen LVOT obstruction, 
these patients can be transplanted safely when 
meticulous hemodynamic management is used, 
such as intraoperative avoidance of inotropic 
agents (epinephrine) and hypovolemia. TEE 

monitoring is essential in order to avoid 
 hypovolemia and to closely follow the degree of 
LVOT obstruction and SAM  [  65–  67  ] . During the 
anhepatic stage, venovenous bypass facilitates 
the avoidance of hypovolemia, while hypoten-
sion should be rapidly and aggressively treated 
with potent vasoconstrictors such as norepineph-
rine or vasopressin and volume. Also, calcium 
should be administered slowly in order to avoid a 
hypercontractile state  [  68  ] .      
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