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Myocardial Ische,mia After Orthotopic 
Uver Transplantation 

"". Daniel A. Rubin, MD, Douglas S. Schulman, MD, Todd D. Edwards, MD, 
Thomas E. Starzl, MD, PhD, and Edward I. Curtiss, MD 

A hypercoegul8ble state exists after orthotopic 
over transplantation 1IIIs hematologic abn0rmal
ItY .... y predispose patients to COI"OI1.-y th~ 
sI. and unstable angina. The Incidence of post. 
operative III)'OC*'diaIlschemla In such patients 
Is unknown. 

SUitable electrocardiograms MCI clinical 
events of consecutive patients undergoing 0rtho
topic liver ~on (n = 45) and major In
traabdomInal surgery (n = 28) during a 31nonth 
period at a major university teaching hospital 
and tnwIspIMt center w .... examined retr0spec
tively. Clinical myocMIIailachemia or Ischemic 
electrocardiographic: changes, or both, occurred 
In 6 transplant patients com.,.-ecl with no pa
tient In the MliilbalSplant or comparison group. 
In 4 of the 6 patients with dramatic electroca'
dlographlc changes .... Ischemic events, coro
ray arteriography failed to demonstrate slgnIfI· 
cant obstructive " ••• e. It Is concluded that 
Mvere rnyoc.dlal ischemia may occur In pa
tients after orthotopic liver transplantation In 
the absence of significant coronary dl ...... A 
hypereoagulable state may predispose to c0ro

nary thrombosis in this setting, providing Insight 
(and a future model for study) Into the develop
ment of unstable angina. 

(Am J Cardlol 1994;74:53-56) 
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Of the many precipitants of unstable angina,l-7 re
cent attention has focused on systemic throm
bogenic risk factors including lipoprotein(a),8 

fibrinogen,9.10 and factor vn.9 Proteins C, S, and anti
thrombin III, and elements of the fibrinolytic system, 
however, have received less attention. 1l - 14 Their signifi
cance is documented in descriptions of patients with de
ficiencies in these proteins who develop venous and ar
terial thrombi. 15.16 A hypercoagulable state caused by 
decreased levels of proteins C. S, and antithrombin III 
exists early after orthotopic liver transplantation and con
tributes to hepatic artery thrombosis, a major postoper
ative complication. 17-21 After reperfusion of the trans
planted liver, synthetic function of coagulant and 
anticoagulant proteins resumes at variable rates result
ing in in vivo activation of clotting mechanisms.2o This 
hypercoagulable state may predispose to vascular throm
bosis. We have observed electrocardiographic and clin
ical evidence of extensive myocardial ischemia in pa
tients after orthotopic liver transplantation. raising the 
possibility of spontaneous coronary thrombosis. 

METHODS 
Study patients: Standard 12-lead electrocardiograms 

were retrieved from 89 consecutive patients undergoing 
orthotopic liver transplantation over a 3-month period. 
In 50 patients. both a preoperative electrocardiogram 
within 5 months of transplant and an electrocardiogram 
recorded during postoperative days 2 to 14 were avail
able. All recorded electrocardiograms were retrievable 
for analysis. Patients with ST-segmem and T-wave de
viation at baseline (n = 2). and with preexisting coro
nary disease (>70% diameter narrowing) were excluded. 
Thus. 45 patients were included for analysis. In patients 
with several preoperative electrocardiograms. only the 
tracing closest in time to transplantation was considered. 
When numerous electrocardiograms were obtained 
postoperatively. all were reviewed. 

In a comparison group of 135 consecutive patients 
undergoing major intraabdominal surgery--elective or 
emergent-over the same time period, 36 patients had 
electrocardiograms recorded both within a 5-month pe
riod before surgery and at any point during postopera
tive days 2 to 14. Preoperatively, 7 patients manifested 
deviation of ST and T-wave segments as previously de
scribed and were excluded from analysis. An additional 
patient with polycythemia vera and a hypercoagulable 
state was also excluded. Patients with a history of coro
nary artery disease who nevertheless fulfilled these en
try criteria were included. Major intraabdominal surgery 
consisted of cholecystectomies (n = 7), colectomies and 
hemicolectomies (n = 13). ureteroileostomies (n = 2), 
aortobifemoral bypasses and abdominal-aortic and tho-



d __ 

racoabdominal aneurysm repairs (n = 3), splenorenal 
shunts (n = I), and biliary reconstructions (n = 2). 

Electrocardiographic criteria: Electrocardiograms 
from postoperative days 2 to 14 were compared with 
their respective preoperative tracings. Electrocardio
grams were interpreted as positive for ischemia accord
ing to T-wave criteria defined as symmetric T-wave in
versions measuring >0.2 m V X 0.08 second in ~ 
contiguous precordial or limb leads. Tracings were also 
read as positive if> 1 mm (0.1 m V) of ST depression in 
~2 contiguous precordial or limb leads was noted. The 
TP segment was regarded as the isoelectric baseline. 

Clinical assessment: Cardiac catheterization was 
performed in 4 of the 6 transplanted patients who demon
strated significant ST and T-wave changes. Timing of 
catheterization varied from 7 to 43 days after transplan
tation and from 0.5 to 37 days after initial electrocar
diographic changes. Interpretation was performed by 3 
independent angiographers unaware of each patient's 
clinical condition. Maximal percent stenosis varied by 
<20% between observers and was thus averaged. 

RESULTS 
Transplanted patients tended to be younger than pa

tients in the comparison group (50 ± 12 vs 57 ± 18 years; 
p = 0.07). There was no difference in gender. Similar 

FIGURE 1. Twelv"'''' electrocar
diogram. recorded before (top) 
and atter (bottom) liver tnnspI .... 
tation, demonstrating dramatic T· 
w.ve Inversion. typically Men at 
time. of myocardl., Ischemia (pa
tient 2, Table I,. 
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numbers of postoperative electrocardiograms were 
trieved in the study and comparison groups (2.1 ± 
2.2 ± 1.1, respectively, p = 0.45). Of the 45 patients 
dergoing liver transplantation. 6 (nos. I to 6) had 
nificant ischemic electrocardiographic changes 
I, Table n. Of these 6 patients. 3 (nos. 3, 5, and 6) 
pulmonary edema. with regional wall motion 
ities in patients 3 and 6 (Figure 2) documented at 
time of electrocardiographic changes. Repeat ev 
tions days later showed normal wall motion. . 
demonstrated ischemic electrocardiographic 
with a marked regional wall motion abnormality 
echocardiography. Persantine thallium-20l imaging 
vealed a corresponding reversible perfusion defect. 
ventriculography performed 3 weeks later was norIllltl. 
Patient 1 had severe chest discomfort with ischemic 
trocardiographic changes. Patient 4 had an Un(;Onlofi.l. 
cated clinical course. Her follow-up ejection fraction 
normaL Patients I, 2. 3. and 6 underwent coronary 
teriography. No patient exhibited >50% narrowing of 
major vessel. Findings suggestive of thrombus 
found in the left anterior descending artery of 
An increased myocardial oxygen demand. as 'etl(!cte:dtl. 
double product, was not responsible for the observed 
chemia since no patient was hypertensive and only I 
tient was tachycardic at the onset of clinical 

rion. No patJ 
infarction. 

Of the 2R 
surgery. I pa 
panied by eli 
rive penod .. 
the~' .~angt 
pauc·.:. ~,'(ell 
base;:::>? 5T 
were noted. 
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patient had enzymatic evidence of myocardial 

the 28 patients undergoing major intraabdominal 
1 patient had precordial ST changes unaccom

by clinical symptoms in the specified postopera-
period. An echocardiogram recorded at the time of 

changes showed nonnal ventricular function. In 
lted at ~IU(Oail1elnts excluded from the comparison group because of 
'at evalua. ST abnonnalities. no clinical cardiac events 
. Patient 2 
,: changes 
nnality ~ 

J~ 
'5 

.FlluRE 2. Left yentricular angiogram at end-cliastole (A) 
..... at enckystole (B) in the 30· right anterior oblique 
~ectlon. The basal portions (arrows) of the left yen-
.. - contract ylgorously. while an extensive regional 
.... lIIotIon abnormality inyolying the anterolateral, .pi
;-'0 ..... Inferoapic:al sagments is noted (patient 3, 
..... 1). 
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gina. In our series of consecutive liver transplant recip
ients. 6 of 45 patients (13%) had ST or T-wave changes 
consistent with myocardial ischemia. The absence of sig
nificant underlying atherosclerotic disease and the tran
sient nature of regional left ventricular dysfunction sup
port a role for coronary thrombus or vasoconstriction. or 
both. in the observed myocardial ischemia. The finding 
of possible thrombus in only 1 of 4 patients undergoing 
angiography may be secondary to the delay in perform
ing catheterization and spontaneous lysis. 22.23 

The propensity for arterial thrombosis after orthotopic 
liver transplantation appears highest during the first post
operative week when the discrepancy between coagulant 
and anticoagulant proteins is greatest. Proteins C and S 
remain depressed for ~ days, and antithrombin III for 
~10 days after transplantation.ZO•21 Evidence for activa
tion of coagulation pathways leading toward thrombus 
deposition in unstable angina is provided by the increased 
levels of circulating and urinary markers of fibrin. fib
rinopeptide A, and other fibrin-related antigens found in 
patients during episodes of chest pain.6.24.25 Coronary va
somotion also may have contributed to the development 
of unstable angina in our patients. Although the clinical 
features in the present study do not support spasm as the 
predominant pathophysiologic trigger, coronary spasm 
need not be dismissed from the present study because it 
may simply be the initiating event prompting a critical 
narrowing whereby hemostatic and fibrinolytic mecha
nisms become the principal determinants of whether 
coronary occlusion occurs. 

The findings of this study are clearly limited by their 
retrospective and observational nature. Patients in the 
comparison group had been routinely screened and 
treated for coronary artery disease. The development of 
silent ischemia was not specifically addressed. Holter 
monitoring may better address the prevalence of silent 
ischemia after operation. Nevertheless, a hypercoagula
ble state after orthotopic liver transplantation allows in
sight into a deficient fibrinolytic system and its potential 
for coronary thrombosis and resulting myocardial ische
mia. Deficient levels of proteins C, S, and antithrombin 
III likely contribute to intracoronary thrombus formation 
after liver transplantation. Prospective studies of antico
agulant proteins and the development of myocardial is
chemia appear warranted. 
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