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Abstract

A 38-year-old male presented for orthotopic liver transplantation complicated by new-onset torrential
tricuspid regurgitation before incision. Subclinical volume overload and functional tricuspid regurgitation
created a challenging scenario in which the benefits of expeditious transplant were weighed against the risks
of allograft congestion and failure. Intraoperative transesophageal echocardiography proved critical in
diagnosing severe tricuspid regurgitation and guided clinical decision making. In this article, we describe the
intraoperative presentation of acutely elevated right heart pressures and the subsequent management of
this patient prior to ultimately successful liver transplantation.
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Introduction

The pathophysiology of end-stage liver disease can cause significant hemodynamic and cardiovascular
disturbances [1]. These complex changes occur because of diseased liver parenchyma and increased portal
system pressures which lead to fluid retention and volume overload, potentially precipitating to high output
heart failure in the perioperative setting [2]. Distention of the right ventricle from excessive intravascular
volume causes dilatation of the tricuspid valve apparatus and functional tricuspid regurgitation (TR).
Elevated preoperative right ventricular systolic pressure (RVSP) and TR can threaten graft survival through
congestive hepatopathy and contribute to postoperative mortality [3]. Herein, we report a case of new-onset
severe TR, emphasizing the importance of delineating volume status, careful intraoperative transesophageal
echocardiography (TEE) monitoring, and avoiding potential complications of vascular congestion on liver
allografts in liver transplant recipients.

Case Presentation

A 38-year-old male with decompensated alcoholic cirrhosis complicated by spontaneous bacterial peritonitis
and type 1 hepatorenal syndrome (HRS) presented for orthotopic liver transplantation (OLT). On initial
evaluation, he had prerenal azotemia, demonstrated by a fractional excretion of sodium (FENa) of <1% with
an anion gap metabolic acidosis, secondary to diarrhea. The patient was fluid resuscitated after excluding
portopulmonary hypertension (PPHTN) and acute heart failure with echocardiography. Despite this, the
patient remained oliguric, hyperkalemic, and increasingly acidotic, necessitating continuous renal
replacement therapy (CRRT) while awaiting liver transplantation.

On evaluation for liver transplantation, the patient’s vital signs were within normal limits with no overt
findings of fluid overload on physical exam. His model for end-stage liver disease (MELD)-Na score was 45
points, and an echocardiogram demonstrated trace TR, an RVSP of 33 mmHg, and a right-to-left interatrial
shunt. The patient had normal left ventricular (LV) size and function, with an ejection fraction of 60%.

On the day of the transplant, intraoperative pulmonary arterial catheterization revealed pulmonary artery
pressures (PAP) of 120s-140s/70s [mean pulmonary artery pressures (MPAP) 60s-90s], central venous
pressures (CVP) of 40s-80s, and mean arterial pressures (MAPs) in the 50s. Intraoperative TEE before
incision surprisingly revealed severely elevated right-sided pressures with leftward bowing of the intra-atrial
septum. New severe TR was present with overall preserved right ventricular function (Figure 7). The findings
were discussed within a multidisciplinary team of transplant surgeons and anesthesiologists, and a decision
was made to abort the surgery. Like many transplant centers, our institution interprets an MPAP of >50
mmHg as a cut-off for cancelation, as MPAP > 35 mmHg has been associated with adverse outcomes [4].
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Adult Echo

FIGURE 1: Transesophageal echocardiography (TEE) image
demonstrating severe tricuspid regurgitation (TR) on initial presentation
for liver transplantation (mid-esophageal 4-chamber view).

The patient was then transported to the intensive care unit, where his transpulmonary gradient was
calculated to be <12 mmHg, once again excluding right heart failure. The critical care team pursued
aggressive diuresis with CRRT. A repeat echocardiogram after four days of CRRT showed improvement of
right ventricular size, with a reduction in the TR severity and a bidirectional shunt across a patent foramen
ovale (PFO). Furthermore, the patient exhibited no clinical signs suggestive of severe TR including fatigue,
dyspnea, or lower extremity edema. The patient was re-listed for liver transplantation and successfully
underwent surgery 10 days later. The perioperative TEE during that time showed mild TR and flow only
going left-to-right across the PFO (Figure 2). During the postoperative period, the patient remained
hemodynamically stable with downtrending liver function tests (LFTs) - discharge LFTs - aspartate
transaminase (AST) 24, alanine transaminase (ALT) 87, albumin 3.3, alkaline phosphatase 93. There were no
significant electrolyte, metabolic, or coagulation abnormalities during his postoperative course and he was
subsequently discharged on postoperative day 8 without complication. He was readmitted seven days later
with abdominal pain and found to have a biliary stricture that was treated with a sphincterotomy and biliary
stent by gastroenterology, otherwise the transplanted liver was functioning normally.
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FIGURE 2: Transesophageal echocardiography (TEE) image
demonstrating almost no tricuspid regurgitation (TR) on second
presentation for liver transplantation after aggressive volume removal
(mid-esophageal 4-chamber view).

Discussion

This case report highlights the importance of intraoperative vigilance when assessing the right ventricle and
volume status to avoid potentially disastrous complications during liver transplantation. The limitations of
clinical examination and the advantages of point-of-care ultrasound to evaluate for signs of volume
overload have been well described [5-7]. In our patient with masked hypervolemia and prerenal azotemia,
the decision to fluid resuscitate was weighed carefully against the risk of exacerbating any underlying right
heart disease or PPHTN. The delicate interplay between diuresis and fluid overload involves multiple organ
systems and proves difficult in patients with severe comorbidities. Intraoperative TEE was imperative to
ascertaining the hemodynamic status of the patient and guiding clinical decision-making. As stated
previously, cardiac stress testing just one week before the attempted operation showed only trace TR, mildly
elevated RVSP, sustained ejection fraction, and the patient exhibited no signs of significant pulmonary
hypertension on the presentation for surgery.

However, during intraoperative TEE imaging, new-onset torrential TR was identified with elevated PAP. In
the absence of intraoperative TEE, any significant improvements in MPAP could have misled one to

believe the elevation was a temporary manifestation of Trendelenburg positioning and/or fluctuating depth
of anesthesia in the setting of intravascular volume overload. If the surgery had proceeded, the effects of
cross-clamp release during the reperfusion period on the cardiopulmonary circulation may have been
catastrophic, as the stress of reperfusion on an already compromised right ventricle would have likely
resulted in cardiopulmonary failure, graft congestion and failure, and death [8-12].

A retrospective analysis of 64 OLT recipients showed a statistically significant difference in patient
mortality in those with an elevated systolic PAP, increased postoperative right ventricular diameter, and
lower tricuspid annular plane systolic excursion obtained by echocardiography [13]. The presence of new-
onset TR on TEE examination serves as an additional “red flag” indicative of acute right heart dysfunction.
In a retrospective cohort study of 397 adult liver transplant recipients, TR graded greater than mild was
associated with an increased risk of post-transplant graft failure nearly four-fold [14] and postoperative
mortality by 70% [15] to 400% [14]. This may reflect the inability of the right ventricle to accommodate the
increased central blood volume. Likewise, another retrospective analysis of 84 living donor liver transplant
recipients demonstrated that subclinical elevated TR pressure gradient (>25 mmHg) was strongly associated
with decreased three-month and one-year survival post-liver transplant [16].

In summary, our case highlights the importance of cardiac monitoring during liver transplantation and
identifying instances where a patient has greater than mild TR. This patient’s rapid decline in cardiac
function, detected by intraoperative TEE, demonstrates the acuity in which severe functional TR can
present. Across the OLT patient population, unexpected cardiac findings during intraoperative TEE
evaluation have changed the course of management in about 1 in 10 of these patients [17]. Congruently,
real-time evidence of severe TR and elevated right-sided pressures on intraoperative TEE provided
considerable guidance in our decision to abort the case [18].
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Conclusions

Liver transplantation in patients with severe TR carries a high perioperative mortality and morbidity. TEE
has been shown in combination with standard invasive hemodynamic monitoring to help guide
intraoperative management of cardiopulmonary derangements and even help delineate a diagnosis before
proceeding with transplantation. In our case, TEE served as an effective and reliable diagnostic tool when
PAC monitoring alone provided inconclusive and variable results. The clinical value of TEE in combination
with collaborative decision-making to delay rather than proceed with liver transplantation likely provided a
better outcome for the patient while preventing possible vascular congestion and graft failure.
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Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Ohio State University
School of Medicine IRB issued approval N/A. Prior consent in the form of verbal consent was obtained from
the patient to publish this case report. Conflicts of interest: In compliance with the ICMJE uniform
disclosure form, all authors declare the following: Payment/services info: All authors have declared that no
financial support was received from any organization for the submitted work. Financial relationships:
Antolin S. Flores MD declare(s) personal fees from Werfen. Antolin S. Flores MD declare(s) a grant from
Hemosonics, Inc. Other relationships: All authors have declared that there are no other relationships or
activities that could appear to have influenced the submitted work.

References

1. Nicolau-Raducu R, Gitman M, Ganier D, et al.: Adverse cardiac events after orthotopic liver transplantation:
a cross-sectional study in 389 consecutive patients. Liver Transpl. 2015, 21:13-21. 10.1002/1t.23997
2. Carvalho MV, Kroll PC, Kroll RT, Carvalho VN: Cirrhotic cardiomyopathy: the liver affects the heart . Braz |
Med Biol Res. 2019, 52:e7809. 10.1590/1414-431X20187809
3. Wray CL: Liver transplantation in patients with cardiac disease . Semin Cardiothorac Vasc Anesth. 2018,
22:111-121. 10.1177/1089253217736050
4.  Krowka MJ, Mandell MS, Ramsay MA, et al.: Hepatopulmonary syndrome and portopulmonary
hypertension: a report of the multicenter liver transplant database. Liver Transpl. 2004, 10:174-182.
10.1002/1t.20016
5. Cox EG, Koster G, Baron A, et al.: Should the ultrasound probe replace your stethoscope? A SICS-I sub-study
comparing lung ultrasound and pulmonary auscultation in the critically ill. Crit Care. 2020, 24:14.
10.1186/s13054-019-2719-8
6. Elhassan MG, Chao PW, Curiel A: The conundrum of volume status assessment: revisiting current and
future tools available for physicians at the bedside. Cureus. 2021, 13:e15253. 10.7759/cureus.15253
7. Mackenzie DC, Noble VE: Assessing volume status and fluid responsiveness in the emergency department .
Clin Exp Emerg Med. 2014, 1:67-77. 10.15441/ceem.14.040
8. De Wolf AM, Scott VL, Gasior T, Rang Y: Pulmonary hypertension and liver transplantation . Anesthesiology.
1993, 78:213. 10.1097/00000542-199301000-00037
9. Marujo WC, Takaoka F, Moura RM, et al.: Early perioperative death associated with reexpansion pulmonary
edema during liver transplantation. Liver Transpl. 2005, 11:1439-1443. 10.1002/1t.20607
10. Martin P, DiMartini A, Feng S, Brown R Jr, Fallon M: Evaluation for liver transplantation in adults: 2013
practice guideline by the American Association for the Study of Liver Diseases and the American Society of
Transplantation. Hepatology. 2014, 59:1144-1165. 10.1002/hep.26972
11.  Kwon HM, Hwang GS: Cardiovascular dysfunction and liver transplantation. Korean | Anesthesiol. 2018,
71:85-91. 10.4097/kjae.2018.71.2.85
12.  Rahman S, Mallett SV: Cirrhotic cardiomyopathy: implications for the perioperative management of liver
transplant patients. World ] Hepatol. 2015, 7:507-520. 10.4254/wjh.v7.i3.507
13.  Yilmaz KC, Ciftci O, Akgun AN, et al.: Relation of preoperative and postoperative echocardiographic
parameters with rejection and mortality in liver transplant patients. Exp Clin Transplant. 2020, 18:210-214.
10.6002/ect.2017.0174
14. KiaL, Shah SJ, Wang E, et al.: Role of pretransplant echocardiographic evaluation in predicting outcomes
following liver transplantation. Am J Transplant. 2013, 13:2395-2401. 10.1111/ajt.12385
15.  Bushyhead D, Kirkpatrick JN, Goldberg D: Pretransplant echocardiographic parameters as markers of
posttransplant outcomes in liver transplant recipients. Liver Transpl. 2016, 22:316-323. 10.1002/1t.24375
16. SaragaiY, Takaki A, Umeda Y, et al.: A subclinical high tricuspid regurgitation pressure gradient
independent of the mean pulmonary artery pressure is a risk factor for the survival after living donor liver
transplantation. BMC Gastroenterol. 2018, 18:62. 10.1186/s12876-018-0793-z
17.  Schumann R: Intraoperative resource utilization in anesthesia for liver transplantation in the United States:
a survey. Anesth Analg. 2003, 97:21-28. 10.1213/01.ANE.0000068483.91464.2B
18.  De Marchi L, Wang CJ, Skubas NJ, et al.: Safety and benefit of transesophageal echocardiography in liver
transplant surgery: a position paper from the Society for the Advancement of Transplant Anesthesia
(SATA). Liver Transpl. 2020, 26:1019-1029. 10.1002/1t.25800

2022 Mitchell et al. Cureus 14(4): e24119. DOI 10.7759/cureus.24119 4 0of 4


https://dx.doi.org/10.1002/lt.23997?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/lt.23997?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1590/1414-431X20187809?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1590/1414-431X20187809?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1089253217736050?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1089253217736050?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/lt.20016?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/lt.20016?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13054-019-2719-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13054-019-2719-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.15253?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.15253?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.15441/ceem.14.040?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.15441/ceem.14.040?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00000542-199301000-00037?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00000542-199301000-00037?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/lt.20607?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/lt.20607?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/hep.26972?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/hep.26972?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4097/kjae.2018.71.2.85?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4097/kjae.2018.71.2.85?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4254/wjh.v7.i3.507?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4254/wjh.v7.i3.507?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.6002/ect.2017.0174?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.6002/ect.2017.0174?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/ajt.12385?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/ajt.12385?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/lt.24375?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/lt.24375?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12876-018-0793-z?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12876-018-0793-z?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1213/01.ANE.0000068483.91464.2B?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1213/01.ANE.0000068483.91464.2B?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/lt.25800?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/lt.25800?utm_medium=email&utm_source=transaction

	A Case of Severe Tricuspid Valve Regurgitation in a Patient Undergoing Orthotopic Liver Transplantation: Whether to Proceed, or Not
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Transesophageal echocardiography (TEE) image demonstrating severe tricuspid regurgitation (TR) on initial presentation for liver transplantation (mid-esophageal 4-chamber view).
	FIGURE 2: Transesophageal echocardiography (TEE) image demonstrating almost no tricuspid regurgitation (TR) on second presentation for liver transplantation after aggressive volume removal (mid-esophageal 4-chamber view).

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


