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Abstract
Coronary artery disease (CAD) is associated with poor outcomes after orthotopic liver transplantation (OLT).
We report on six high-risk end-stage liver disease (ESLD) patients who underwent percutaneous coronary
intervention (PCI) with bare metal stents during the preoperative evaluation process. There was no mortality
or major adverse cardiac event (MACE) within 90 days of OLT. These patients had advanced models for end-
stage liver disease sodium (MELD-Na) scores (mean 24.5), thrombocytopenia (mean 70,500 µL⁻¹), and
elevated international normalized ratio (INR; mean 2.0), who tolerated stent implantation followed by
modified antiplatelet regimens. Percutaneous coronary intervention may facilitate listing with good OLT
outcomes.
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Introduction
Significant coronary artery disease (CAD) left uncorrected is often a criterion for exclusion from orthotopic
liver transplantation (OLT) due to poor outcomes associated with CAD [1-3]. While the diagnostic benefits of
coronary angiography have been well-studied [4], data regarding transplantation outcomes after
percutaneous coronary intervention (PCI) remain limited in the literature. Furthermore, patients with end-
stage liver disease (ESLD) and advanced model for end-stage liver disease sodium (MELD-Na) scores in
association with decreased platelet counts and elevated international normalized ratio (INR) are often not
offered PCI because of the assumed prohibitive risk due to bleeding [4].

With the prevalence of cirrhosis increasing, CAD accounts for a major cause of mortality and morbidity in
patients with ESLD despite rigorous preoperative cardiac testing [3-4]. This is likely due to shared traditional
risk factors, including obesity, diabetes, and metabolic syndrome, and nontraditional risk factors, including
inflammatory state, poor nutrition, and substance use [3]. Therefore, this highlights the importance of
studying the outcomes of cirrhotic patients undergoing PCI. The objective of this study was to assess the
outcomes of high-risk ESLD patients who underwent PCI. 

Materials And Methods
After the approval from the Institutional Review Board of Rutgers University New Jersey Medical School,
Newark, NJ (approval number: Pro2019000277), we conducted a retrospective chart review between August
2009 and August 2020. Patients at our institution were included if they underwent PCI during the OLT
evaluation process (Figure 1). Patients were excluded if they did not undergo OLT or were not high-risk. A
total of 18 patients were initially included; seven subsequently underwent successful OLT while 11 did not
due to various reasons listed in Table 1. Of the seven patients who underwent OLT, we report on six high-risk
patients who had MELD-Na scores above 20, platelet counts below 150,000 µL⁻¹, and INRs of at least 1.5, all
of whom received bare metal stents (BMS). The seventh patient was low-risk with a MELD-Na score of only
12. We describe modified antiplatelet strategies tailored for each patient depending on the underlying
severity of thrombocytopenia and hypocoagulability. Two independent reviewers were utilized to validate
the data. 
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FIGURE 1: A flowchart outlining the study design 
We initially included 18 total patients who underwent PCI during the OLT evaluation process. Seven of those
underwent successful OLT while 11 did not (due to various reasons listed in Table 1) and were excluded. Of the
seven patients who underwent OLT, six were *high-risk patients, which was defined by MELD-Na scores above
20, platelet counts below 150,000 µL⁻¹, and INRs of at least 1.5. One of the seven patients was low-risk with a
MELD-Na of only 12 and was excluded. 

OLT: orthotopic liver transplantation; PCI: percutaneous coronary intervention; MELD-Na: models for end-stage
liver disease sodium; INR: international normalized ratio
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Patient
Received
OLT

Reason for no OLT

Patient
A

Yes  

Patient
B

Yes  

Patient
C

Yes  

Patient
D

Yes  

Patient
E

Yes  

Patient
F

Yes  

Patient
G

Yes  

Patient
H

No Currently listed and waiting

Patient
I

No No longer needed OLT due to low MELD score

Patient
J

No Died from septic shock 310 days months after PCI

Patient
K

No Currently listed and waiting

Patient
L

No
Severe coagulopathy and septic shock; the patient refused treatment and requested comfort care. The patient
expired nine days after PCI.

Patient
M

No
Severe coagulopathy and septic shock. The family refused treatment and requested comfort care. The patient
expired five days after PCI.

Patient
N

No No longer needed OLT due to low MELD score

Patient
O

No Died from septic shock 11 days after PCI

Patient
P

No Currently listed at an outside hospital

Patient
Q

No
OLT was aborted due to a new diagnosis of very severe pulmonary HTN with RAP of 20 mm Hg. Of note, the
patient was sent home to home hospice.

Patient
R

No No longer needed after hepatocellular carcinoma resected

TABLE 1: All patients who received PCI during OLT evaluation
HTN: hypertension; MELD: model for end-stage liver disease; OLT: orthotopic liver transplantation; PCI: percutaneous coronary intervention; RAP: right
atrial pressure

Results
All patients in this consecutive series tolerated PCI and underwent successful OLT without major adverse
cardiac events (MACE) or mortality within 90 days of transplantation; MACE was defined as acute systolic
heart failure, cardiac arrest, myocardial infarction (MI), and stroke. All six patients presented for OLT
secondary to ESLD. Medical histories are detailed in Table 2.
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 Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6

Background
62-year-old
White male
patient

60-year-old
Hispanic male
patient

62-year-old Asian
female patient

62-year-old
White male
patient

63-year-old Black
male patient

55-year-old
White male
patient

Medical history DM HTN, DM
HTN, HLD, DM,
prior CAD

Prior MI s/p BMS
in m-LAD

HTN, HLD, DM,
CKD, prior CAD

HTN, HLD

Social and family
history

Smoker, family
CAD

Smoker Family CAD Smoker Smoker None

Cirrhosis etiology Cryptogenic Alcohol, HCC HBV Alcohol HCV Alcohol

Pre-existing liver
complications

Ascites, EV Ascites, EV, HE Ascites, EV, HE Ascites, EV, HE Ascites, EV
Ascites, EV, HE,
GI bleed

Labs       

     MELD-Na
score

21 25 30 24 22 33

     Hemoglobin
(g/dL)

8.5 10.2 9.3 9.2 9.8 7.0

     Platelets (x

103 µL-1)
76 120 61 144 65 30

     INR 1.7 1.5 2.8 2.1 1.9 4.2

     Serum
creatinine
(mg/dL)

1.0 1.2 0.7 0.8 1.4 1.0

Access* Femoral Femoral Femoral Femoral Femoral Radial

Stent location
(stenosis %)

LCx (99%)   LCx (95%)  
p-LAD (95%)
Ostial RCA (95%)

  D1 (95%)  
p-LAD (79%) D1
(95%) RCA (69%)

p-LAD (80%)

Complications of
PCI

Pseudoaneurysm None None None None None

MACE within 90
days of PCI

None None None None None None

MACE within 90
days of OLT

None None None None None None

Mortality within
90 days of OLT

No No No No No No

TABLE 2: Coronary angiography and percutaneous coronary intervention prior to orthotopic liver
transplantation
BMS: bare metal stent; CAD: coronary artery disease; CKD: chronic kidney disease; D: diagonal; d-RCA: distal RCA; DAPT: dual antiplatelet therapy; DM:
diabetes mellitus; EV: esophageal varices; GI: gastrointestinal; HBV: hepatitis B virus; HCC: hepatocellular carcinoma; HCV: hepatitis C virus; HE: hepatic
encephalopathy; HLD: hyperlipidemia; HTN: hypertension; INR: international normalized ratio; LAD: left anterior descending; LCx: left circumflex; MACE:
major adverse cardiac event; MELD-Na = modeled end-stage liver disease sodium; MI: myocardial infarction; NASH: non-alcoholic steatohepatitis; OLT:
orthotopic liver transplantation; OM: obtuse marginal; p-LAD: proximal left anterior descending; PCI: percutaneous coronary intervention; RCA: right
coronary artery; Femoral accesses were used earlier in the series and radial later in the series.

Patient 1 was a 62-year-old male with a MELD-Na score of 21, a platelet count of 76,000 µL⁻¹, and an INR of
1.7 who had a BMS placed in the left circumflex (LCx) coronary artery (Figure 2). The procedure was
complicated by a pseudoaneurysm in the right femoral artery, which was addressed with an ultrasound-
guided thrombin injection with no further complications. He was started on aspirin 81 mg daily and only one
month of clopidogrel 75 mg daily. He underwent OLT 135 days after PCI and had no mortality or MACE.
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FIGURE 2: Patient 1's imaging reports
Figure 2a. Lesion in LCx (arrow) before bare metal stent placement; Figure 2b. Lesion during bare metal stent
placement (arrow); Figure 2c. Lesion after bare metal stent placement (arrow)

Lcx: left circumflex artery 

Patient 2 was a 60-year-old male with a MELD-Na score of 25, a platelet count of 120,000 µL⁻¹, and an INR
of 1.5 who had a BMS placed in the LCx artery without complications (Figure 3). He was started on only
prasugrel 10 mg daily for one month and then switched to aspirin 81 mg daily. He underwent OLT 57 days
after PCI with no mortality or MACE.

FIGURE 3: Patient 2's imaging reports
Figure 3a. Lesion in LCx (arrow) before bare metal stent placement; Figure 3b. Lesion during bare metal stent
placement (arrow); Figure 3c. Lesion after bare metal stent placement (arrow); Lcx: left circumflex artery 

Patient 3 was a 62-year-old female with a MELD-Na score of 30, a platelet count of 61,000 µL⁻¹, and an INR
of 2.8 who had BMSs placed in the proximal left anterior descending (p-LAD) artery and ostial right coronary
artery (RCA) without complications (Figure 4). She was started on aspirin 81 mg daily and received only one
week of prasugrel 10 mg daily. She underwent OLT 54 days after PCI with no mortality or MACE. 
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FIGURE 4: Patient 3's imaging reports
Figure 4a. Lesion in p-LAD (arrow) before bare metal stent placement; Figure 4b. Lesion during bare metal stent
placement in p-LAD (arrow); Figure 4c. Lesion after bare metal stent placement in p-LAD (arrow); Figure 4d.
Lesion in ostial RCA (arrow) before bare metal stent placement; Figure 4e. Lesion during bare metal stent
placement in ostial RCA (arrow); Figure 4f. Lesion after bare metal stent placement in ostial RCA (arrow)

p-LAD: proximal left anterior descending artery; RCA: right coronary artery 

Patient 4 was a 62-year-old male with a MELD-Na score of 24, a platelet count of 144,000 µL⁻¹, and an INR
of 2.1 who had a BMS placed in diagonal 1 (D1) without complications (Figure 5). He was started on aspirin
81 mg daily and only one month of clopidogrel 75 mg daily. He underwent OLT 312 days after PCI, which was
complicated by septic shock. Three days after OLT, he had elevated troponins of 1.23, 1.14, and 0.82 but
showed no clinical evidence of acute ischemia. He improved, with no mortality or MACE.

FIGURE 5: Patient 4's imaging reports
Figure 5a. Lesion in D1 (arrow) before bare metal stent placement; Figure 5b. Lesion during bare metal stent
placement (arrow); Figure 5c. Lesion after bare metal stent placement (arrow)

D1: first diagonal branch 

Patient 5 was a 63-year-old male with a MELD-Na score of 22, a platelet count of 65,000 µL⁻¹, and an INR of
1.9 who had BMSs placed in the p-LAD, D1, and RCA without complications (Figure 6). He was started on
aspirin 81 mg daily and only one month of clopidogrel 75 mg. He underwent OLT 542 days after PCI. One
day after OLT, he was found to have elevated troponin levels of 0.67, 0.40, and 0.34. However, he had no
clinical evidence of acute ischemia. He had no mortality or MACE. 
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FIGURE 6: Patient 5's imaging reports
Figure 6a. Lesion in D1 (arrow) before bare metal stent placement; Figure 6b. Lesion during bare metal stent
placement in D1 (arrow); Figure 6c. Lesion after bare metal stent placement in D1 (arrow); Figure 6d. Lesion in p-
LAD (arrow) before bare metal stent placement; Figure 6e. Lesion during bare metal stent placement in p-LAD
(arrow); Figure 6f. Lesion after bare metal stent placement in p-LAD (arrow); Figure 6g. Lesion in RCA (arrow)
before bare metal stent placement; Figure 6h. Lesion during bare metal stent placement in RCA (arrow); Figure 6i.
Lesion after bare metal stent placement in RCA (arrow)

D1: first diagonal artery; p-LAD: proximal left anterior descending artery; RCA: right coronary artery 

Patient 6 was a 55-year-old male with a MELD-Na score of 33, a platelet count of 30,000 µL⁻¹, and an INR of
4.2 received a BMS in the p-LAD without complications (Figure 7). He was started only on aspirin 81 mg
every other day until OLT, which he underwent 53 days after PCI with no mortality or MACE.

FIGURE 7: Patient 6's imaging reports
Figure 7a. Lesion in p-LAD (arrow) before bare metal stent placement; Figure 7b. Lesion during bare metal stent
placement (arrow); Figure 7c. Lesion after bare metal stent placement (arrow)

p-LAD: proximal left anterior descending artery 

Medical therapy for all six patients is outlined in Table 3. 
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Patient Aspirin Clopidogrel/Prasugrel therapy Days Between PCI and OLT

Patient 1 ASA 81 mg daily Clopidogrel 75 mg daily x 1 month 135

Patient 2 ASA 81 mg daily after 1 month Prasugrel 10 mg daily x 1 month 57

Patient 3 ASA 81 mg daily Prasugrel 10 mg daily x 1 week 54

Patient 4 ASA 81 mg daily Clopidogrel 75 mg daily x 1 month 312

Patient 5 ASA 81 mg daily Clopidogrel 75 mg daily x 1 month 542

Patient 6 ASA 81 mg every other day until OLT None 53

TABLE 3: Medical therapy after PCI
ASA: aspirin; OLT: orthotopic liver transplantation; PCI: percutaneous coronary intervention

Discussion
We describe a selected group of patients who were appropriate candidates for OLT but were found to have
significant coronary disease, which, if left untreated, would have excluded them from OLT. Seven out of the
18 patients who received PCI underwent successful OLT. Eleven did not undergo OLT; three no longer
needed OLT due to low MELD scores, three were still on the list for OLT, one had OLT aborted due to severe
pulmonary hypertension, and four did not make it to OLT due to mortalities. Of the mortalities, two died
from septic shock, and two died from a combination of sepsis and bleeding complications. All mortalities
occurred while patients were on palliative or hospice care.

Our six patients who underwent OLT had a median MELD-Na score of 24.5 (range 21-33), a platelet count of
70,500 µL⁻¹ (range 30,000-144,000), and an INR of 2.0 (range 1.5-4.2). After stent placement, these patients
underwent successful OLT without mortality or MACE, highlighting the important utility of PCI prior to OLT.

Although data in the literature strongly associate the presence of CAD with poor OLT outcomes with a 50%
post-transplant mortality and 80% morbidity among survivors [2], there is limited data comparing OLT
outcomes in CAD patients who received PCI versus those who did not [5]. The few studies that have analyzed
OLT outcomes after PCI report conflicting data [4-5]. Some studies show a decrease in all-cause OLT
mortality after PCI, while other studies show the persistence of high risk for MACE-related OLT deaths after
PCI [6-7].

Patients 4 and 5 had minimal elevation in their troponins within five days of OLT but without clinical
evidence of ischemic electrocardiographic findings or any new wall motion abnormalities on
echocardiography. These patients did not meet the criteria for MI based on the most recent universal
definition [8]. It is worth noting that patients four and five in our series had the longest time periods
between their PCI and OLT (542 and 312 days, respectively), which raises the question of appropriate follow-
up in pre-OLT ESLD patients who have undergone PCI. Whether these patients should undergo repeat
coronary angiography post PCI, if still within the pre-OLT period (perhaps at six months), deserves further
study [9].

Decisions regarding dual antiplatelet therapy (DAPT) were individualized and based on overall clinical
assessment to balance risks and benefits [10-11]. Whether utilization of clotting time, assessment of
platelet aggregometry, or other strategies helps in clinical decision-making regarding DAPT post-PCI in
ESLD patients requires further study [12]. Of note, guidelines suggest that shorter-duration DAPT can be
considered for patients at lower ischemic risk with high bleeding risk [13-15].

Conclusions
Our case series highlights the opportunity to offer PCI with BMS in patients with advanced liver disease,
even in the presence of significant thrombocytopenia and elevated INR in order to facilitate OLT. While the
risk of bleeding is high, the alternative for advanced ESLD patients is to be rejected for OLT with inevitable
early mortality. Further research is needed to better define the safety profile of PCI and to develop specific
recommendations for DAPT post PCI in both pre-OLT and post-OLT patients. Double-blinded studies with
different antiplatelet regimens for post-PCI patients with cirrhosis are needed to better create a structured
safety profile in these patients. Nonetheless, our case series suggests that careful clinical assessment and
individualization of DAPT therapy can be effective in successfully managing these complex patients with
multiple comorbidities to facilitate their eligibility for life-saving transplantation.
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