Hindsight Is 20/20: A Case of Occult Constrictive
Pericarditis Leading to Early Graft Failure
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H erein, we present an unusual case of a liver transplant
(LT) recipient who developed severe, unexplained
right ventricular (RV) heart failure following liver reperfu-
sion because of previously unrecognized constrictive peri-
carditis (CP). Transthoracic echocardiogram is the first-line
test to diagnose CP with an estimated sensitivity of 87% and
specificity of 91% in patients with heart failure.! However,
occult CP is notoriously difficult to diagnose, wherein baseline
hemodynamics and systolic ventricular function are normal,
until there is a sudden infusion of volume that causes signifi-
cantly elevated filling pressures as encountered during liver
reperfusion in LT.2

CASE DESCRIPTION

A 68-y-old Caucasian man with biopsy-proven crypto-
genic cirrhosis and a sodium-model for end stage liver
disease score of 13 with a serum creatinine of 1.3 under-
went LT with a deceased brain-dead donor from a 42-y-
old individual notable only for 30% hepatic steatosis on
biopsy. While awaiting LT, he had unremarkable annual
dobutamine stress echocardiograms with normal bilateral
ventricular function and chamber size (left ventricular

Received 13 January 2022. Revision received 21 March 2022.

Accepted 12 April 2022.

" Division of Gastroenterology and Hepatology, Department of Internal Medicine,
University of Michigan Medical Center, Ann Arbor, M.

2 Division of Cardiology, Department of Internal Medicine, University of Michigan
Medlical Center, Ann Arbor, MI.

3 Department of Anesthesiology, University of Michigan Medical Center, Ann
Arbor, M.

4 Department of Surgery, University of Michigan Medical Center, Ann Arbor, M.
The authors declare no funding or conflicts of interest.

J.J.P. performed writing, analysis, and editing. D.M., A.Y.,, S.S.K., and D.W.
performed data acquisition, editing, and analysis. C.J.S. performed data
acquisition. R.J.F. performed writing, analysis, editing, and conception.
Supplemental digital content (SDC) is available for this article. Direct URL citations
appear in the printed text, and links to the digital files are provided in the HTML
text of this article on the journal’s Web site (www.transplantationdirect.com).
Correspondence: Robert J. Fontana, MD, Division of Gastroenterology and
Hepatology, Department of Internal Medicine, University of Michigan Medical
Center, 3912 Taubman Center, Ann Arbor, MI 48109. (rfontana@med.umich.edu)
Copyright © 2022 The Author(s). Transplantation Direct. Published by Wolters
Kluwer Health, Inc. This is an open-access article distributed under the terms of
the Creative Commons Attribution-Non Commercial-No Derivatives License 4.0
(CCBY-NC-ND), where it is permissible to download and share the work provided
it is properly cited. The work cannot be changed in any way or used commercially
without permission from the journal.

ISSN: 2373-8731

Transplantation Direct 2022;8: e1338; doi: 10.1097/TXD.00000000000071338.

Transplantation DIRECT m 2022

ejection fraction 65%, left atrial volume 56 mL, moder-
ately dilated right atrial [RA] area 22 cm?, RA pressure 10
mm Hg) as well as unremarkable chest x-rays and elec-
trocardiograms. He denied any chest discomfort, dyspnea
with exertion, history of lupus, or prior heart disease. On
a myocardial perfusion scan 2 y before the LT, he was
noted to have septal straightening and increased tracer
uptake in the RV, suggestive of RV pressure overload. The
interpretation of the patient’s preoperative studies indi-
cated possible pulmonary hypertension but normal RV
and LV function.

Following induction of anesthesia for LT, blood pressure
was 147/83, pulse 84 bpm, and ventilator settings of pressure
control ventilation-volume guaranteed, tidal volume 560 mL,
65% fraction of inspired oxygen, peak inspiratory pressure of
19 em H, O, and positive end-expiratory pressure 8 cm H,O.
However, the central venous pressure (CVP) was markedly
elevated to 19 mm Hg, and there was no Swan-Ganz catheter
placed. There was no significant ascites or pleural effusion.
His initial intraoperative transesophageal echocardiography
(TEE) demonstrated RA dilation and a conical-looking heart
with preserved biventricular function. There was no signifi-
cant tricuspid regurgitant jet to measure a RV systolic pres-
sure. A chordal systolic anterior motion (SAM) was also noted
during the primary transplant without left ventricular outflow
obstruction. The CVP improved to 3-7 mm Hg after diuresis
with furosemide 20 mg intravenously. The initial hepatectomy
and engraftment were uncomplicated with stable hemody-
namics without any blood product transfusion. However,
the patient became severely hypotensive shortly after rep-
erfusion that was unresponsive to inotropes, vasopressors,
and methylene blue, with mean arterial pressures as low as
38 mm Hg. The TEE demonstrated markedly dilated right
atrium, chordal SAM physiology (while on norepinephrine
drip), good biventricular function, optimal volume status, and
no evidence of pulmonary embolism. There was significant
intraoperative bleeding from the liver and surgical bed related
to high venous pressure and coagulopathy necessitating 12
units packed red blood cell, 20 units fresh frozen plasma, 6
units platelets, and 5 units cryoprecipitate. Within 12h of LT,
he developed hemorrhagic shock requiring triple pressors and
additional blood products, as well as volume overload and
acute kidney injury requiring continuous renal replacement.
On postoperative day (POD) 1, he underwent a washout and
evacuation of a hemoperitoneum. The TEE demonstrated an
elongated appearance of the heart with bowing of the right
atrium into the left atrium during systole (Figure 1A) indicat-
ing elevated right-sided pressures.
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FIGURE 1. Transesophageal echocardiogram and cardiac
catheterization ~ findings. A, Intraoperative  transesophageal

echocardiogram during his first liver transplant. This end-diastolic
image shows a long, narrowed shape to the ventricles secondary to
pericardial constriction. B, A “dip and plateau” in the right ventricular
pressure tracing demonstrates a dip in pressure in early diastole
followed by a plateau in mid-to-late diastole (circle). C, Ventricular
interdependence of the right ventricular and left ventricular with
respiration. TEE, transesophageal echocardiography.

With a serum alanine aminotransferase 1929 IU/L, inter-
national normalized ratio 5.1, and Factor V activity 15%, he
was relisted for primary nonfunction and underwent repeat LT
on POD 3. Throughout the second LT, there was severe right
heart dysfunction and progressive hypoxia necessitating the
use of intraoperative inhaled nitric oxide. On reperfusion dur-
ing retransplant, the CVP was up to 40 mm Hg, and hepatic
engorgement and spontaneous capsular tears led to further
hemorrhage. Intraoperatively, 17 units packed red blood cells,
32 units fresh frozen plasma, and 4 units platelets were required.
On the intraoperative TEE, his pulmonary artery (PA) pulsa-
tility index was 0.5, indicative of RV failure; there was tricus-
pid regurgitation, and no SAM was appreciated. A PA catheter
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revealed an elevated PA pressure 76/51 (mean 60 mm Hg) and
CVP 44 mm Hg. The biliary anastomosis was delayed, and he
was moved back to the intensive care unit for further manage-
ment. He had a complicated hospital course, including develop-
ment of dialysis-dependent acute kidney injury and pulmonary
aspergillosis on POD 16 (Table 1). He slowly improved and was
discharged on POD 39 to a rehabilitation facility with stable
allograft function. The pathology of his explanted graft demon-
strated extensive, panlobular necrosis, and abundant steatosis.

An outpatient surveillance computerized tomography chest
for aspergillosis at month 4 was notable for an incidental find-
ing of pericardial thickening (Figure S1, SDC, http://links.lww.
com/TXD/A426). In the meantime, the patient was evaluated
for renal transplant and had undergone a nuclear myocardial
positron emission tomography scan showing septal bowing.
Cardiology reviewed his transthoracic echocardiogram and
noted a subtle septal bounce not previously appreciated. A
right and left heart catheterization showed equalization of
diastolic pressures, a “dip and plateau” sign on the RV tracing
(also known as a “square root” sign), and ventricular interde-
pendence with respiration, diagnostic of constrictive pericar-
dial physiology (Figure 1B and C).

Eight months after his second LT, the patient underwent
a pericardiectomy, wherein a 3-cm rind of fibrous tissue was
removed, and the surgical specimen confirmed fibrous pericar-
ditis. The patient made a full clinical recovery on tacrolimus
monotherapy and eventually underwent an unremarkable
deceased kidney transplant at 12 mo with very stable intraop-
erative hemodynamics. He is alive and well 17 mo after his LT.

The American Association for the Study of Liver Diseases
recommends that cardiac stress testing including surface echo-
cardiography with Doppler be performed in all LT candidates
to identify reversible coronary ischemia, valvular heart dis-
ease, and pulmonary hypertension.’ In light of the increasing
age and the presence of medical comorbidities among LT can-
didates, there will likely be an increasing incidence of cardiac
contraindications to LT.*

CP is a rare fibrosing disorder of the pericardium that
occurs after pericardial injury or inflammation with an inci-
dence of 0.76 cases per 1000 person-y after an episode of idi-
opathic or viral pericarditis.” However, as many as 33% of
patients may not have an identifiable trigger, such as acute
pericarditis, cardiac surgery, or mediastinal radiation, before
developing CP.° With CP, the heart is unable to fully relax
during diastole because of the fibrous rind and is therefore
unable to accommodate large shifts in volume, often result-
ing in markedly elevated right-sided pressures and a low car-
diac output state. There are cases of patients with occult CP
who present with cardiac ascites and cryptogenic cirrhosis,
wherein the liver biopsy may show bridging fibrosis involving
the central veins or other signs of congestive hepatopathy.”
Notably our patient’s liver biopsy 5 y before LT and his initial
liver explant did not show any evidence of pericentral injury
or hemorrhage, whereas his explanted allograft showed mas-
sive necrosis. Furthermore, he had undergone multiple annual
echocardiograms during the 3 y on the waiting list that were
largely unremarkable. Testing for latent tuberculosis was also
negative pre- and postoperatively. Only careful retrospec-
tive review of prior computerized tomography imaging of
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A 68-y-old man with previously unrecognized constrictive pericarditis

Hospital day Event Comments
1 Liver transplant #1 Refractory hypotension after reperfusion, RV failure, and severe intraoperative and postoperative bleeding
2 Primary nonfunction Massive pressor requirements, hypotension, acidosis
Exploratory laparotomy for hemoperitoneum
3 Liver transplant #2 Severe intraoperative bleeding and elevated CVP and right heart pressures
6 Dobutamine added Low heart rates and elevated SVR
Added to improve RV function
16 Reintubated Pulmonary aspergillosis by bronchoscopy
Initiated 4 mo of posaconazole treatment
39 Discharged to inpatient rehabilitation On intermittent hemodialysis
Month 4 Chest CT Incidental thickening of pericardium noted
Month 4.5 Cardiology consult Right and left heart cath confirming the presence of moderate to severe CP
Month 8 Pericardiectomy 3-cm rind removed with improved hemodynamics
Month 12 Deceased kidney transplant Uncomplicated intraoperative and postoperative course
Month 17 Follow-up Alive and well with normal hepatic and renal function

CP, constrictive pericarditis; CT, computerized tomography; CVP, central venous pressure; RV, right ventricular; SVR, systemic vascular resistance.

the chest noted mild thickening of the pericardium and trace
pericardial effusion. A right and left heart catheterization per-
formed with a high level of suspicion was necessary to diag-
nose his CP several months after his second LT.

Pericardiectomy in patients with CP and decompensated
hepatic function is highly effective but also risky in certain
patient subgroups. In a single-center observational study,
12 CP patients with a Model for End-stage Liver Disease
score >15 who underwent pericardiectomy had a 1-y sur-
vival of only 8.3%, compared to nearly 70% in 53 patients
with Model for End-stage Liver Disease score 7.51-15.5.° In
another observational study, Child-Pugh Score B or C patients
with CP had a much lower 5-y survival compared with Child-
Pugh A patients (38% versus 81%).1°

In conclusion, occult CP is exceedingly rare in LT candi-
dates, but it is critical to diagnose and address before LT as
exemplified in this case. A review of the 2800 adult LT done in
our center over the past 35 y failed to identify another patient
with occult CP that had not been recognized with preopera-
tive cardiac testing. The etiology of intraoperative RV dys-
function can be multifactorial, and a discrete etiology can be
difficult to elucidate in the highly dynamic setting of LT with
rapid blood loss and fluctuating hemodynamics. Nonetheless,
if a patient develops immediate, unexplainable right heart
failure after reperfusion, there should be a high index of sus-
picion for fluid overload, pulmonary embolism, or restrictive
cardiomyopathy. We now would propose to include possible
occult CP if the other more common etiologies are excluded.
If one encounters unexplained systemic hypotension with ade-
quate filling pressures in a LT patient, a review of TEE images
is recommended to look for CP. Echocardiographic findings
may include a thickened pericardium, a dilated vena cava,
hepatic vein flow alterations, and an interventricular septal
bounce indicative of ventricular interdependence. Fortunately,
intraoperative TEE is used at 95% of LT centers in the United
States these days and may help identify individuals with this
unusual cardiac condition.!!?
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