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1 | INTRODUCTION

Abstract

Myocardial injury, defined as an elevation of cardiac troponin (cTn) resulting from is-
chemia, is associated with substantial mortality in surgical patients, and its incidence,
risk factors, and impact on patients undergoing liver transplantation (LT) are poorly
understood. In this study, adult patients who experienced perioperative hemodynamic
derangements and had cTn measurements within 30 days after LT between 2006 and
2013 were studied. Of 502 patients, 203 (40.4%) met the diagnostic criteria (cTn |
>0.1 ng/mL) of myocardial injury. The majority of myocardial injury occurred within
the first three postoperative days and presented without clinical signs or symptoms of
myocardial infarction. Thirty-day mortality in patients with myocardial injury was
11.4%, significantly higher compared with that in patients without myocardial injury
(3.4%, P<.01). Cox analysis indicated the peak cTn was significantly associated with
30-day mortality. Multivariable logistic analysis identified three independent risk fac-
tors: requirement of ventilation before transplant (odds ratios (OR) 1.6, P=.006),
RBC=15 units (OR 1.7, P=.006), and the presence of PRS (OR 2.0, P=.028). We con-
cluded that post-LT myocardial injury in this high-risk population was common and
associated with mortality. Our findings may be used in pretransplant stratification.
Further studies to investigate this postoperative cardiac complication in all LT patients

are warranted.

KEYWORDS
liver transplantation, myocardial injury, perioperative management, postoperative complication,
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evidence are often absent in the postoperative se’ct'ing.m'11 Second,

although Ml is serious, it only represents a portion of postoperative

Cardiovascular complications including myocardial ischemia occur fre-
quently after liver transplant (LT) and are a leading cause of postoper-
ative mortality and morbidity.“? The high incidence of postoperative
cardiovascular complications in LT is contributed by many preoperative
and intra-operative factors.%® Studies on postoperative cardiovascular
complications have traditionally concentrated on myocardial infarction
(M1).? Such an approach has limitations. First, the clinical diagnosis of
Ml in the postoperative period is difficult to discern. This is, in major

part, due to the fact that cardiac symptoms and electrocardiographic

cardiovascular complications. Many patients may sustain myocardial
injury without a formal diagnosis of MI. Emerging data suggest that
these patients do poorly postoperatively.’® Finally, interventional
strategies designed to address myocardial injury that is beyond the
definition of MI may reduce postoperative cardiovascular complica-
tions and improve patient outcomes.*®

Recent advances have greatly extended our understanding of the
cardiovascular diseases and the ability to diagnose them.? With cur-

rent technology, a trace amount of biomarkers, particularly cardiac
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troponin (cTn) released from damaged myocardial cells, can be de-
tected in a highly sensitive and specific fashion.'® After evolution in
the last few decades, measurement of cTn has become a part of the
standard in diagnosing and quantifying myocardial damage. In fact,
the latest definition of myocardial ischemia has embraced the central
diagnostic role of cTn measurement.*** Recently, a study proposes a
term for myocardial injury after noncardiac surgery, which is defined
by mildly elevated cTn level. Myocardial injury is broader than the defi-
nition of Ml and yet is associated with substantial mortality.10

In this retrospective study, we attempted to determine a level of
cTn that can be used in diagnosis for myocardial injury after LT. In ad-
dition, we attempted to identify the incidence, risk factors, and impact
of myocardial injury after LT. We hypothesized that myocardial injury

was common after LT and was associated with increased mortality.

2 | MATERIALS AND METHODS

After approval by the University of California, Los Angeles (UCLA)
Institutional Review Board, a retrospective study was carried out.
Medical records of patients who underwent LT at UCLA Medical
Center between January 2006 and August 2013 were reviewed.
The study included all consecutive cases of adult patients (age=18).
Preoperative and intra-operative variables were prospectively col-
lected and stored in the UCLA transplant database. Postoperative
clinical cardiac symptoms, electrocardiographic findings, cardiac
diagnosis, cardiology consultations, and cTn levels were collected
retrospectively.

Liver transplantation selection criteria and techniques at our in-
stitution have been described elsewhere. In brief, all recipients un-
derwent multidisciplinary selection. Preoperative cardiac evaluation
included history and physical examination, echocardiography, stress
tests, or cardiac catheterization, depending on cardiac risk stratifi-
cation. A balanced anesthetic technique with intravenous and inha-
lational anesthetics combined with opioids and the muscle relaxants
was used for anesthetic induction and maintenance. In addition to the
American Society of Anesthesiologists standard monitors, intra-arterial
and pulmonary arterial catheters were employed and transesophageal
echocardiography was used if there were no contraindications. Intra-
operative fluid therapy included crystalloids, albumin, and blood prod-
ucts with red blood cells (RBC), fresh frozen plasma (FFP), platelets,
and cryoprecipitate. Blood products were administered via a rapid
transfusion device. Intra-operative vasopressors were either in con-
tinuous infusion or in bolus.*® Postreperfusion syndrome (PRS) was
defined by a 30% decrease in blood pressure from prereperfusion
baseline that lasted more than 1 minute in 5 minutes after reperfusion
of the liver graft.}’

Postoperatively, LT patients were transferred to the inten-
sive care unit and managed by a multidisciplinary team. Cardiology
was consulted for possible cardiac complications or management.
Postoperative cTn | was measured in selected patients with hemody-
namic derangements without a standard protocol during the study
period. Hemodynamic derangements that prompts cTn measurement
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included persistent perioperative hypotension (mean blood pressure
<55 mm Hg for 210 minutes), hemodynamic instability, requirements
of large amount of blood products (packed red blood cells >15 units),
vasopressors, electrocardiographic changes, or ischemic symptoms.
cTn levels within 30 days after LT were included in the study. cTn | was
the standard cardiac biomarker used by UCLA during the study period.
The lowest detectable level of cTn | was 0.04 ng/mL during the study
period. When the cTn measurement was initiated, a series of measure-
ments was typically performed until the cTn levels trended downward.
The peak (highest) value of the series of measurements for each pa-
tient was used in analysis.

Thirty-day all-causes mortality was assessed in patients with var-
ious postoperative cTn | levels. The lowest cTn | level that was sig-
nificantly associated with 30-day mortality was determined and used
to define myocardial injury. Diagnosis of myocardial injury was made
after excluding conditions in nonischemic nature using criteria modi-
fied from The Vascular Events in Noncardiac Surgery Patients Cohort
Evaluation study.'® Patients with MI were also identified using the
Third Universal Definition.’® The incidence and risk factors that were
associated with myocardial injury after LT were determined.

All analyses were performed using the Statistical Package for
Social Sciences, version 22.0 (IBM, Armonk, NY, USA). Reported P val-
ues are two sided. The categorical data were analyzed with Pearson’s
chi-square test. Student’s t test or analysis of variance was used to
compare the preoperative and intra-operative quantitative variables.
The categorical variables were presented as percentages, and the
quantitative variables were presented as mean+SD. Quantitative vari-
ables were dichotomized by the median, mean, quartiles, or a clinically
meaningful value. Variables with a statistically significant relationship
to myocardial injury in univariate analysis were entered into binary
logistic regression. Statistical significance was defined as P less than
.05. Patient survival was compared between patients with and with-
out myocardial injury by Kaplan-Meier survival analysis. Cox survival

analysis was performed to identify risk factors for recipient mortality.

3 | RESULTS

During the study period, 1386 adult patients underwent LT. Of 1386
patients, 502 (36.2%) had hemodynamic derangements during and/
or after LT which prompted cTn | measurements within 30 days after
LT (Figure 1). Mean age of patients with hemodynamic derangements
was 56.0 years. There were more male patients (62.5%) than female
patients. The most common indication for LT was hepatitis C cirrhosis.
Mean MELD score was 33.4 in this patient group (Table 1).

Overall 30-day mortality after LT in studied patients was 6.8%. To
assess a relationship between the peak cTn levels and 30-day mortal-
ity, patients were divided into four groups according to quartiles of
the peak cTn level. As the peak cTn levels increased, 30-day mortality
rates increased. Specifically, patients with cTn groups at <0.04, 0.05-
0.09, 0.1-0.25, and 20.25 ng/mL had 30-day mortality at 1.9%, 4.0%,
7.8%, and 18.4%, respectively, P<.001 (Figure 2). Although higher
peak cTn | levels were associated with higher 30-day mortality, the
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Adult patients
(n=1386)

Patients with cTn
measurements (n=502)

Patients without cTn
measurement (n=884)

Non-myocardial injury
(n=299)

TABLE 1 Preoperative characteristics of patients

All patients
(n=502)

Age (y) 56.0+10.7
Weight (kg) 79.0£21.2
Height (cm) 169.5+11.0
Gender (male, %) 62.5
Etiology of liver disease (%)

Hepatitis C 371

Hepatitis B 6.0

Alcoholic cirrhosis 224

NASH 6.9

Acute 4.4
MELD score 33.4£7.5
Hypertension (%) 36.1
History of coronary artery disease (%) 12.1
Variceal bleed (%) 37.2
Preoperative renal replacement therapy (%) 43.2
Preoperative endotracheal intubation (%) 28.5
Preoperative pressors (%) 214
Baseline hematocrit (%) 29.0+£5.8
Baseline INR 1.8+0.6
Baseline creatinine (mg/dL) 1.8+1.4

NASH, nonalcoholic steatohepatitis; MELD, model for end-stage liver
disease.

statistical significance was only achieved when cTn | level was 0.1 ng/mL
or higher. There were 214 patients who had cTn | 20.1 ng/mL. After
exclusion of 11 patients with the cTn elevation due to nonischemic eti-
ologies (eight with sepsis and three with cardioversion), 203 patients
met the myocardial injury diagnostic criteria. The incidence of myocar-
dial injury in this patient group was 40.4%.

Thirty-day mortality in patients with myocardial injury was 11.8%,

significantly higher compared with those without myocardial injury

FIGURE 1 Of 502 patients whose cTn |
levels were measured within 30 d after LT

prompted by hemodynamic derangement,
203 met the diagnostic criteria of
myocardial injury

Myocardial injury
(n=203)

(3.3%, all P<.001). Cox survival analysis indicated that cTn | 20.1 ng/mL
was an independent risk factor for patient 30-day mortality (hazard
ratios 3.5, 95% Cl: 2.04-6.20, P<.001). The multivariate predictive
model for 30-day mortality improved when cTn was included (the area
under the curve increased from 0.691 to 0.738). Other two risk factors
for 30-day mortality were the requirement of preoperative pressors
and intra-operative blood transfusion.

Myocardial injury occurred most frequently on the first postopera-
tive day (43.3%), and the majority occurred on the first three days after
LT (70.9%, Figure 3). The incidence of myocardial injury decreased sig-
nificantly after the first three days and remained relatively constant
afterward. Of 203 myocardial injury patients, only 3.6% met the defini-
tion of MI, and 96.4% of the patients presented with no clinical symp-
toms or signs of M.

Comparison between patients with and without myocardial injury
is presented in Table 2. Patients with myocardial injury differed sig-
nificantly from those without myocardial injury. Patients with myocar-
dial injury had higher MELD score, lower baseline hematocrit, higher
requirement of intra-operative red blood cell transfusion, and higher
incidence of postreperfusion syndrome compared with those without
myocardial injury. In addition, more patients in the myocardial injury
required preoperative intubation, intra-operative pressors, and intra-
operative venovenous bypass. Multivariable logistic analysis showed
three variables (preoperative intubation, OR 1.6, 95% CI: 1.05-2.51,
P=.006; intra-operative blood transfusion 215 units, OR 1.8, 95% ClI:
1.17-2.67 P=.006; and the presence of postreperfusion syndrome,
OR 2.0, 95% Cl: 1.14-3.36, P=.028) were independent risk factors for
myocardial injury (Table 3).

4 | DISCUSSION

In this retrospective study, we found that myocardial injury defined
as peak cTn | 20.1 ng/mL occurred at 40.4% in adult LT patients who
experienced perioperative hemodynamic derangements and was

associated with substantial 30-day mortality. Most of myocardial
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injury occurred in the immediate postoperative period and presented
without classic symptoms or signs of MI. Risk factors for myocardial
injury in this patient population were preoperative intubation, intra-
operative red blood cell transfusion, and the presence of postreperfu-
sion syndrome.

Postoperative cTn elevation in noncardiac surgery is common, but
the reported incidence varies in different studies.'??° This discrepancy
is largely due to different patient population types of surgery and cTn
cutoff values used in the studies.?*?? The VISION study found that
slightly elevated cTn T (20.04 ng/mL) was associated with substantial
mortality.° In this study of LT patients, we found ¢Tn | 20.1 ng/mL was
the lowest value that was associated with mortality. Using these crite-
ria, the incidence of myocardial injury in our study was 40.4%, which
is higher compared with other studies in non-LT patients.®?% The high
incidence of myocardial injury in our study could be potentially caused
by the following: (i) Patients undergoing LT surgery are at high risk for
cardiovascular complications including myocardial injury, and (ii) our
patients were those who had hemodynamic derangements, which ren-
der them a higher risk.

Days after transplant

Postoperative cardiovascular complications in LT are common and
have been extensively studied. However, myocardial injury after LT
has not been reported. A previous report studying the relationship be-
tween postoperative cTn levels and mortality in LT could not meet the
definition of myocardial injury proposed by the VISION study due to
a high cTn cutoff and inclusion of nonischemic patients.?* In addition,
this report was severely underpowered by including a small number of
patients. Our study was the first attempting to use the lowest mean-
ingful cTn cutoff and excluded patients with nonischemic causes for
cTn elevation. The exclusion of nonischemic etiology is necessary for
diagnosis of myocardial injury. This is because cTn can be released as
a result of many nonischemic etiologies, and prophylactic and thera-
peutic interventions for myocardial ischemia are very different from
nonischemic injuries.

Consistent with the VISION study, the majority of myocardial in-
juries were silent and occurred in the first 3 days after LT. If the tradi-
tional diagnostic criteria of Ml were used, the incidence of myocardial
injury would have significantly been underestimated. Although we

reviewed cTn data 30 days after LT, myocardial injury was infrequent
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TABLE 2 Comparison between patients with and without
myocardial injury

Myocardial
injury (h=203) P

Nonmyocardial
injury (n=299)

Age (y) 56.3+10.5 55.4+11.1 .384
Weight (kg) 79.6+20.5 77.8+22.3 .381
Height (cm) 169.7+10.8 169.2+11.1 723
Gender (male, %) 63.0 61.6 .083
Etiology of liver disease (%)
Hepatitis C 42.8 27.6 .001
Hepatitis B 4.8 8.1 .138
Alcoholic cirrhosis 21.5 23.8 .563
NASH 6.8 7.0 .907
Acute 3.2 6.5 .087
MELD score 32.5+7.5 34.4+7.5 .008
Hypertension (%) 38.7 31.7 120
History of coronary 10.6 14.6 193
artery disease (%)
Variceal bleed (%) 32.9 445 012
Preoperative renal 39.7 49.2 .043
replacement
therapy (%)
Preoperative endotra- 24.9 34.6 .022
cheal intubation (%)
Preoperative pressors 18.6 26.0 .057
(%)
Baseline hematocrit (%) 29.4+6.1 28.2+5.3 .041
Baseline INR 1.8+0.6 1.8+0.5 .145
Baseline creatinine 1.8+14 1.8+1.3 .736
(mg/dL)
Intra-operative dialysis 13.5 14.0 871
(%)
Pressor infusion (%) 69.9 87.6 <.001
Pressor bolus (in large 35.2 49.7 .002
quantity, %)
Postreperfusion 12.3 19.1 .046
syndrome (%)
Venovenous bypass (%) 44.6 56.6 .013
Donor from donation 4.2 5.6 490
after cardiac
death (%)
Cold ischemia 400.3+140.5 397.8+146.5 .855
time (min)
Warm ischemia time 444+12.3 42.7+10.9 134
(min)
Surgery time (min) 357.6£142.3 363.4+148.5 776
Red blood cell 20.7+19.3 24.5+18.9 .032
transfusion (in unit)
Fresh frozen plasma 25.5+21.9 28.0+19.4 213

(in unit)

NASH, nonalcoholic steatohepatitis; MELD, model for end-stage liver
disease.

TABLE 3 Risk factors for postoperative myocardial injury

Risk factors OR 95% Cl P

Preoperative intubation 1.6 1.05-2.51 .006

Red blood cells 215 1.8 1.17-2.67 .006
units

Presence of postreper- 2.0 1.14-3.36 .028

fusion syndrome

after the first postoperative week. Despite the similarities, there were
significant differences between our study and the VISION study.
First, types of cTn used in studies were different. cTn | has been clin-
ically used at our hospital and therefore was used in our study. In
contrast, cTn T was used in the VISION study. Studies show that both
cTns are sensitive and selective.?> Second, the cutoffs used in the two
studies were not identical (20.1 ng/mL in our study vs 20.04 ng/mL
in the VISION). We are not sure if the difference is resulted from the
different types of cTn or from different patient populations. Third, the
VISION study was prospective, and all patients were included. Ours
was retrospective, and only patients who experience hemodynamic
derangements were selected for cTn testing. Therefore, the incidence
of myocardial injury in our study only represents this complication in
this particular patient population, and the overall incidence of post-
operative myocardial injury for LT patients cannot be known until all
patients are studied. We are currently enrolling all patients after LT
for cTn measurement and should be able answer this question in the
near future.

Three risk factors for myocardial injury found in this study may
aid in identification of patients at risk of developing this serious post-
operative complication. Requirement of preoperative intubation and
ventilation is generally considered as a marker for severity of disease
and has been found to be a risk factor for a number of worse postop-
erative outcomes.? Intra-operative RBC requirement has been asso-
ciated with a variety of adverse postoperative outcomes after LT? and
it was not a surprise to find a link with myocardial injury in our study as
well. Massive bleeding can lead to low perfusion to myocardial tissue
and result in the imbalance of the supply and demand of myocardial
oxygenation. The presence of PRS usually indicates severe ischemia
and reperfusion injury related to quality of donor organ and can also
lead to a difficult postreperfusion and postoperative course. The pres-
ence of PRS is unique to LT patients and cannot be found in patients
undergoing other surgery.

Our study had limitations. First, this was a retrospective study with
many known inherent limitations. Second, the elevation of cTn in the
preoperative period is not measured in this study. There is evidence
suggesting that some patients have elevated cTn levels before LT that
are also associated with postoperative outcomes. Third, a possibility
of other unmeasured confounding factors should be considered when
our results are interpreted. Finally, the results of our study were based
on data from one center and need to be confirmed by other studies.

In conclusion, in this retrospective study of adult patients undergo-
ing LT, we found that myocardial injury defined as cTn | 20.1 ng/mL was

common in patients with perioperative hemodynamic derangements
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and was associated with increased 30-day mortality. Most of myo-

cardial injury occurred immediately after LT and presented without

symptoms of MI. Several preoperative and intra-operative risk factors

were identified for this important postoperative event. Future studies

to assess the role of elevated cTn in postoperative myocardial injury in

all LT patients are warranted.
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