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Case report 

Doppler ultrasonography is a useful tool for the diagnosis of hemodynamics 
in congestive graft injury due to heart failure after liver transplantation: A 
case report 
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A B S T R A C T   

Introduction: Patients with end-stage liver disease often have cardiac dysfunction, which can be worsened by 
hemodynamic instability in liver transplantation, causing congestive graft injury. 
Presentation of case: A 28-year-old male with Wilson's disease underwent liver transplantation. The patient's 
history included cirrhotic cardiomyopathy and a preoperative ejection fraction of 37% on echocardiography. 
After liver transplantation, massive transfusion and acute renal failure led to increased central venous pressure. 
Doppler ultrasonography (US) showed an increase in positive components of the hepatic vein triphasic wave, 
followed by pulsatile changes in the portal vein waveforms and an eventual to-and-fro pattern. Laboratory data 
showed severe elevations of hepatocellular transaminase levels. Based on Doppler US findings, we determined 
liver damage was due to passive congestion caused by heart failure. Immediate initiation of continuous hemo-
diafiltration (CHDF) and intra-aortic balloon pumping (IABP) led to the patient's recovery from severe heart 
failure and graft injury. 
Discussion: In our case, changes in the hepatic and portal vein waveforms and marked elevation of hepatocellular 
transaminases implied exacerbation of heart failure caused by hepatic congestion and injury. Worsening heart 
failure, in turn, led to progressive liver damage as the result of hepatic passive congestion. The patient's condition 
was successfully managed with early initiation of CHDF and IABP. 
Conclusion: Doppler US can help diagnose congestive graft injury due to heart failure in liver transplant patients 
and should be performed during post-transplant management of patients with cardiac dysfunction.   

1. Introduction 

Patients with end-stage liver disease often exhibit cardiac dysfunc-
tion, resulting in high-output heart failure and pulmonary hypertension 
[1]. Additionally, hemodynamic challenges after liver transplantation 
can exacerbate heart failure and produce poor outcomes [2–8]. 
Congestive heart failure can cause hepatic congestion and injury. 
However, in the post-transplant period, transplant rejection, damage 
from surgical complications, and drug-induced liver injury must be 
considered in addition to heart failure induced liver congestion as the 
cause of elevated hepatocellular transaminase levels. 

Here, we describe a patient with Wilson's disease who presented with 
severe liver injury after liver transplantation. Based on abdominal 
Doppler ultrasonography (US) findings, we identified congestive heart 
failure as the cause of hepatic congestion and injury, and immediately 
initiated appropriate treatment with renal replacement therapy and 
mechanical circulatory support. This work was reported in line with the 
SCARE criteria [9]. 

2. Presentation of case 

A 28-year-old male patient, diagnosed with Wilson's disease at age 
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10 years developed deteriorating decompensated cirrhosis due to 
medication non-compliance. The patient received living donor liver 
transplantation (LDLT). 

Preoperative laboratory data showed pancytopenia (white blood cell 
count, 4500/μL; red blood cell count, 245 × 104/μL; hemoglobin, 7.6 g/ 
dL; platelet count, 3.3 × 104/μL), decreased liver function (albumin, 2.4 
g/dL; cholinesterase, 54 mg/dL), severe coagulopathy (prothrombin 
time international normalized ratio, 2.05; activated partial thrombo-
plastin time, 60.0 s), hyperbilirubinemia (total bilirubin, 7.9 mg/dL; 
direct bilirubin, 2.5 mg/dL), and elevated brain natriuretic peptide level 
(687.8 pg/mL). Hepatocellular transaminase levels were slightly 
elevated (aspartate aminotransferase [AST], 47 U/L; alanine amino-
transferase [ALT], 20 U/L). Echocardiography revealed a low left ven-
tricular ejection fraction (LVEF) and left ventricular (LV) dilation 
without obvious signs of diastolic dysfunction. Echocardiographic 
measurements are listed in Table 1. Cardiac catheterization showed a 
low LVEF (40%), elevated left ventricular end diastolic pressure (18 
mmHg), and high cardiac output (cardiac indices, 5.65 L/min/m2 by the 
thermodilution method and 6.54 L/min/m2 by Fick's method). Pulmo-
nary artery pressure and right atrial pressure were normal. An endo-
myocardial biopsy revealed no copper deposits. 

LDLT was performed using a right lobe graft from the patient's father. 
Intraoperatively, severe coagulopathy and high central venous pressure 
(CVP) induced massive hemorrhage; ventricular tachycardia with hy-
potension developed and was resolved with three attempts of intra-
operative electrical cardioversion. Operating time was 1003 min; blood 
loss was 19,736 mL. Intraoperative transfusions with red blood cells 
(9520 mL), fresh frozen plasma (12,480 mL), and platelets (1200 mL) 
were performed. 

Post-procedural abdominal hemorrhage persisted until post-
operative day (POD) 2 and required massive transfusion. The patient 
developed acute renal failure with a marked increase in water balance 
and a gradual increase in CVP (Fig. 1). As CVP increased, Doppler US 
showed an increase in the positive components of the hepatic vein tri-
phasic wave, followed by a change in the portal vein waveforms to a 
pulsatile pattern and an eventual to-and-fro pattern (Fig. 2). Laboratory 
data showed marked elevation of hepatocellular transaminase levels 
(peak values, AST [4348 U/L] and ALT [2407 U/L]). Based on these 
findings, we suspected exacerbation of heart failure caused by hepatic 
congestion and injury. Continuous hemodiafiltration (CHDF) was initi-
ated on POD 3 to remove body water. Echocardiography showed that the 
LVEF had decreased to 18% on POD 3 (Table 1). Repetitive transient 
paroxysmal supraventricular tachycardia ensued and caused hemody-
namic instability. Therefore, intra-aortic balloon pumping (IABP) was 
initiated on POD 4 to provide circulatory support and allow the heart to 
rest. Congestive heart failure and liver injury gradually improved with 
CHDF; IABP was withdrawn on POD 10, and CHDF was discontinued on 
POD 13. On POD 30, a reoperation was performed for an infected 
abdominal hematoma. Subsequently, the patient's general condition 
improved (Fig. 3). The patient was discharged from the intensive care 
unit on POD 63 and from the hospital on POD 95. Echocardiography at 
postoperative month 29 showed improvement of LVEF and LV dilation 
(Table 1). At 2.5 years after discharge, no cardiac event had occurred. 

3. Discussion 

Over the past few decades, advances in surgical techniques, immu-
nosuppressants, and peritransplant management have improved patient 
outcomes after liver transplantation [10–12]. This has contributed to an 
increase in reports detailing challenging hepatic transplants with 
expanded indications or with multi-organ disorders. Cardiac dysfunc-
tion contributes significantly to increased morbidity and mortality after 
liver transplantation. Previous studies reported that conditions such as 
LV hypertrophy [8], diastolic/systolic dysfunction [2–5,7], right ven-
tricular dysfunction [6], and pulmonary hypertension [13] can worsen 
liver transplantation outcomes. Our patient had severe systolic 
dysfunction and low preoperative LVEF, and was considered a high-risk 
case. Cardiac catheterization findings and lack of myocardial copper 
deposits pointed to cirrhotic cardiomyopathy as the cause of cardiac 
dysfunction, rather than copper deposition due to Wilson's disease. As 
described in other reports [14,15], cirrhotic cardiomyopathy can 
improve after liver transplantation. Our patient's LVEF and LV dilation 
gradually improved post-transplantation. 

Abdominal Doppler US is the primary method of detecting compli-
cations after liver transplantation [16–18]. The normal hepatic vein 
Doppler US waveform is triphasic and represents physiological changes 
in blood flow during the cardiac cycle. This waveform consists of four 
components (A, S, V, and D waves) that correspond to atrial contraction, 
ventricular systole, atrial overfilling, and tricuspid valve opening, 
respectively (Fig. 2). The normal portal vein Doppler waveform shows a 
continuous flow pattern. A pulsatile portal vein waveform may be 
abnormal; however, it is often difficult to differentiate the causes of this 
waveform in the post-transplant period. Decreased portal vein flow due 
to dehydration or portal vein stenosis, or increased hepatic sinusoidal 
resistance due to transplant rejection, fibrosis, or hepatic vein stenosis 
can cause arterial-dominant graft inflow, and a pulsatile portal vein 
waveform due to transmission of hepatic artery pressure [19–22]. When 

Table 1 
Echocardiographic data.   

Before LTx POD 3 POM 29 

Left cardiac parameters    
IVSd (mm) 8 7 8 
PWd (mm) 10 8 9 
LVDd (mm) 60 63 48 
LVDs (mm) 51 60 38 
LVMI (g/m2) 106.2  78.6 
LAD (mm) 44 47 31 
LAVI (mL/m2) 25.8  23.0 

LV systolic function    
Teichholz EF (%) 31 12 43 
Simpson's EF (%) 37 18 41 
FS (%) 15 6 21 

LV diastolic function parameters    
E (m/s) 0.84 1 0.5 
A (m/s) 0.53  0.38 
E/A 1.6  1.3 
DcT (ms) 173 102 194 
E/e′ (sep) (cm/s) 9.7 11.6 5.7 
e′ (sep) (cm/s) 8.7 8.6 8.8 

Right cardiac parameters    
RAD (mm) 31  36 
RVDd (mid) (mm) 37  35 
RVFAC (%)  30 33 
TAPSE (mm) 21.4 12.1 13.8 
S′ (cm/s) 14  8.9 
TRPG (mmHg) 18 15 17 
RAP (mmHg) 3  3 
RVP (mmHg) 21  20 

Valvular function    
MR Trivial  Trivial 
TR Trivial  Trivial 
PR   – 

Abbreviations: A, peak velocity of late transmitral flow; DcT, deceleration time 
of the early diastolic wave of transmitral flow; E, peak velocity of early diastolic 
transmitral flow; e′ (sep), early diastolic mitral annular velocity at the inter-
ventricular septal annulus; EF, ejection fraction; FS, fractional shortening; IVSd, 
interventricular septum thickness at end-diastole; LAD, left atrial diameter; 
LAVI, left atrial volume index; LTx, liver transplantation; LVDd, left ventricular 
internal dimension at end-diastole; LVDs, left ventricular internal dimension at 
end-systole; LVMI, left ventricular mass index; MR, mitral regurgitation; POD, 
postoperative day; POM, postoperative month; PR, pulmonary regurgitation; 
PWd, posterior wall thickness at end-diastole; RAD, right atrial diameter; RAP, 
right atrial pressure; RVDd, right ventricular dimension at end- diastole; RVFAC, 
right ventricular fractional area change; RVP, right ventricular pressure; S′, 
tricuspid annular peak systolic velocity; TAPSE, tricuspid annular plane systolic 
excursion; TR, tricuspid regurgitation; TRPG, transtricuspid pressure gradient. 
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such conditions are suspected, water volume loading is performed to 
improve graft blood flow and prevent thrombosis. In patients with 
congestive heart failure, elevated right atrial pressure is transmitted 
across hepatic sinusoids, resulting in a pulsatile portal vein pattern 
[23,24]. In such cases, removal of excess water and circulatory support 
are essential treatments. It is critically important to differentiate be-
tween these etiologies, since this treatment may be contraindicated, 
depending on the cause of a pulsatile portal vein waveform. As our 

patient's water balance and CVP increased, the hepatic vein A and V 
waveforms increased and the portal vein waveform changed from 
continuous to pulsatile. These observations enabled us to identify pas-
sive congestion due to worsening heart failure as the cause of progres-
sive liver damage. Changes of CVP and hepatic vein waveform are key 
findings that differentiate between passive congestion and other causes 
of a pulsatile portal vein waveform. 

Following liver transplantation, passive congestion caused by heart 
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Fig. 1. Postoperative course of water balance, CVP, and hepatocellular transaminases. 
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CHDF, continuous hemodiafiltration; CVP, central venous pressure; h, hours; IABP, 
intra-aortic balloon pumping. 
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failure can lead to severe liver injury; early diagnosis and immediate 
treatment of such patients are essential to prevent graft failure. In our 
patient, CHDF and IABP had an immediate and significant ameliorating 
effect on liver congestion. CHDF removes excess water and lessens 
cardiac and hepatic congestion. IABP supports circulation, stabilizes 
blood pressure, and allows the heart to rest. Palanisamy et al. [25] first 
reported the use of IABP in postoperative management of liver trans-
plantation. Because it can cause complications such as hemorrhage, 
thromboembolism, and catheter infection, IABP is not the preferred 
treatment method. However, as delayed treatment can lead to graft 
failure, early initiation of these treatments should be considered. 

4. Conclusion 

Abdominal Doppler US can aid the diagnosis of congestive liver graft 
damage and should be performed during post-transplant management of 
patients with cardiac dysfunction. If signs of congestive graft injury are 
present, immediate appropriate treatment is necessary to prevent graft 
failure. 
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