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Background: In this retrospective study, the middle hepatic vein 

(MHV)was used in live donor liver transplantation, and the 

venous outflow dynamics were studied immediately after 

transplant meanwhile we studied the impact of the graft function 

on donor functionality and overall donor safety.   

Method: from October 2017 to October 2020, 40 adults to adults 

live donor liver transplants were performed at our center. 

Postoperative Doppler ultrasound was performed for recipients 

and donors immediately after surgery and then daily until 

discharge.    

Results: Mean donor age was (28.5 ± 6.9) year, male/ female 19/ 

21, intensive care unit stay (1.2 ± 0.43), word stay (5.2 ± 1.4) days, 

portal vein velocity (43.5 ± 18.4 ml/sec), hepatic artery resistive 

index (0.6 ± 0.09) and triphasic/ continuous venous outflow 30/10, 

postoperative day one and at the discharge total serum bilirubin 

was (2.8 ± 1.8) and (2 ± 1.4), postoperative day one and at the 

discharge international normalization ratio was (1.7 ± 0.5) and 

(1.2 ± 0.2) respectively. Mean recipient age was (48.5 ± 11.3), 

male/female 27/13, intensive care unit stay (4.75 ± 3.9), word stay 

(7.7 ± 3.7) days, portal vein velocity (63.96 ± 24.65 ml/sec), hepatic 

artery peak systolic velocity (74.76 ± 32.85) hepatic artery resistive 
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index (0.7 ± 0.15), and triphasic/continuous venous outflow 

27/13.   

Conclusion: Middle hepatic vein incorporation in live donor liver 

graft is safe with a favorable outcome for recipient and donor, 

doppler US is an important tool for evaluation and follow up of 

donor and recipient for detection of vascular complications and 

assessment of venous outflow. In addition, early discharge of the 

donor is a reasonable option.     

 

Copyright © 2021   Kurdistan Journal of Applied Research.  

All rights reserved. 

 
1. INTRODUCTION 

 

 Live donor liver transplant (LDLT) is challenged with small for size syndrome, which is an 

impairment of liver graft function especially during the first post-operative week, that is related 

to either the graft size or the graft parenchymal quality or the recipient portal hypertension and 

other medical comorbidities such as hypertension [1-4]   

portal pressure shear injury, as well as decrease the impedance to the arterial inflow. [5-7]   

Using the right liver lobe and because of higher parenchymal volume would mitigate these 

injuries but donor safety has always been questioned when MHV is incorporated. [8-10]    

Doppler US can be used postoperatively for the detection of vascular complications in liver 

transplants. [11]   

In this retrospective study, the middle hepatic vein was used in live donor liver transplantation 

and the venous outflow dynamics was studied immediately after transplant meanwhile we 

studied the impact of the graft function on donor functionality and overall donor safety.    

 
2. METHODS AND MATERIALS 

2.1. Study design and patient selection  

From October 2017 to October 2020, 40 donor-related adult to adult LDLT was performed in 

our center. The data was collected retrospectively from the patient's recorded files that were 

stored in the hospital. The institutional review board approved this study. 

 

2.2 Donor evaluation    

Only adult to adult right lobe LDLT was included in this study, the donors were evaluated for 

overall health status, ABO incompatibility, CMV, EBV, Liver size, parenchymal texture, 

steatosis, the anatomy of hepatic arteries and venous system, and the anatomy of the biliary tree 

by history, physical exam, lab tests, doppler US, Quad phasic CT of the abdomen (Figure 1) 

and MRCP.   
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Figure1. Quad phasic CT of Liver, (A) arterial phase showing hepatic arteries, (B) portal vein phase 
showing portal veins, and (C) venous phase showing hepatic veins.

 

2.3. Surgical procedure    

Partial right hepatectomy including MHV was performed for donors after intraoperative 

cholangiogram (Figure2) and doppler US to evaluate the biliary tree and HV anatomy 

respectively. On table reconstruction of hepatic veins was done using recipient portal vein 

segment and forming a single orifice.    

The right grafted lobe of the liver was transplanted to the recipient after reconstruction of hepatic 

veins.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Intraoperative cholangiogram showing a biliary tree. 

 

2.4. Postoperative Doppler US   

Postoperative Doppler US was performed for recipients and donors immediately after surgery 

then daily until discharge. The Doppler US has been performed by an expert radiologist in liver 

transplant doppler US. The Doppler US was performed in a supine or semi-setting position 

using a curvilinear transducer of low frequency (2-5 MHz), the HA and PV were examined 
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extrahepatically and across the anastomosis, the parameters of flow and velocity of PV and PSV 

and RI of HA were recorded. The intrahepatic branches of HA were also examined for patency. 

The HV and IVC were examined and the parameters of HV flow and wave-trace were recorded. 

The US of abdomen and liver was performed to evaluate for liver parenchyma, fluid collection 

or ascites.     

The highest recorded value of PV velocity, PSV, and RI of HA was chosen from recoded 

parameters of PV, HA through day Zero postoperative until discharge. The hepatic vein flow 

and wave trace were categorized as a triphasic or continuous flow.     

 
2.5. Post-operative lab values  

As a part of the evaluation of the donor’s liver functionality post-donation, we calculated post-

operative day one and at discharge TSB and INR.   

 
2.6. Statistical Analysis     

Descriptive analysis for data was performed using SPSS version 25, means with standard 

deviations and range were expressed for PV velocity, PSV, and RI of HA, and HV velocity. 

Post-operative day one (POD 1) and at discharge TSB and post-operative day one and the 

discharge INR for the donor. categorical variables were analyzed using the chi-square test or 

Fisher's test if necessary. Continuous and discrete variables were analyzed using a t-test. Means 

were compared for triphasic versus continuous hepatic venous outflow wave signals using the 

One-Way ANOVA test. Differences at P less than .05 were considered significant. 

 

 

3. RESULTS 

    
The demographic characteristics, lab values, and doppler US parameters including PV velocity, 

HA PSV, and RI and HV waveform for donors and recipients are summarized in (table 1 and 

table 2) respectively.  

Mean donor's age was (28.5 ± 6.9) range (18-42) year, they were 19 males and 21 females, mean 

ICU stay was (1.3 ± 0.9) range (1-4) days and mean word stay before discharge was (5.2 ± 1.4) 

range (3-9) days, their mean PV velocity was (43.5 ± 18.4 ml/sec) range (17-91.60 ml/sec) and 

mean HA RI was (0.6 ± 0.09) range (0.43-0.78).   

 

 
Table 1. The demographic characteristics and Doppler US parameters for donors 

 

Donor  N(40) 

Age (year) 28.5 ± 6.9  
Range (18-42) 

Gender (M/F) 19/21  

ICU stay (days) 1.2 ± 0.4 
Range (1-3) 

Word  stay(days) 5.2 ± 1.4  
Range (3-9) 

PV velocity (cm/sec) 43.5 ± 18.4 
Range (17-91.6) 

HA RI  0.6 ± 0.09 
Range (0.4-0.8) 

HV waveform (triphasic/ continuous)  30/10  
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 TSB      POD 1                                                      
             At discharge 

2.8 ± 1.8 range (0.4-8) 
2 ± 1.4 range (0.2-5.7) 
 

INR       POD 1                                                      
             At discharge 

1.7 ± 0.5 range (1-2.8)                            
1.2 ± 0.2 range (0.9-2.2) 

 

 

 

Table 2. The demographic characteristics and Doppler US parameters for recipients 

 

Recipient  N (40)  

Age (year)  48.5 ± 11.3 

Range (19-67) 

Gender (M/F) 27/13 

ICU stay (days) 4.75 ± 3.9 

Range (2-20) 

Word  stay(days) 7.7 ± 3.7  

Range (3-22) 

PV velocity (cm/sec) 63.96 ± 24.65 

Range (21-115) 

HA PSV (cm/sec) 74.76 ± 32.85 

Range (32-153) 

HA RI  0.7 ± 0.15 

Range (0.41-1) 

HV waveform (triphasic/ continuous)  27/13  

 

Thirty of the donor had triphasic venous outflow wave signals and 10 of them had continuous 

venous outflow wave signals, their mean POD 1 TSB was (2.8 ± 1.8) range (0.40-8), mean 

discharge TSB was (2 ± 1.4) range (0.24-5.7), mean POD 1 INR was (1.7 ± 0.5) range (1.1- 2.8) 

and mean discharge INR was (1.2 ± 0.23) range (0.9 -2.2) when compared means for (triphasic 

vs continuous) venous outflow waveform group, there was no statistically significant difference 

in ICU stays and word stays between two groups (Table 3).   

 

 
Table 3. compered means for (triphasic vs continuous) venous outflow waveform donor groups 

 HV waveform  N (40) Mean ± SD P-value  

ICU stay (days) Continuous  10  1.30 ± 0.95  
0.92 

Triphasic  30  1.33 ± 0.85 

Word stay (days)  Continuous  10 4.7 ± 1.05  
0.23 

Triphasic  30 5.3 ± 1.5 

Regarding donor functionality and donor safety. One donor has taken back to the OR on a post-

operative day two for bleeding washout, one donor readmission for two days for pain, one donor 

developed small-for-size syndrome and completely recovered after two months follow up and 

one donor developed bile leak that warranted an ERCP stenting and sphincteroplasty. No donor 

mortality, and no intervention required for any donor within the period of the study.  
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 Mean recipient's age was (48.5 ± 11.3) range (19-67) year, they were 27 males and 13 females, 

mean ICU stay was (4.75 ± 3.9) range (2-20) days and mean word stay before discharge was 

(7.7 ± 3.7) range (3-22) days, their mean PV velocity was (63.96 ± 24.65 ml/sec) range (21-115 

ml/sec), mean HA PSV was  (74.76 ± 32.85) range (32-153) and their mean HA RI was  (0.7 ± 

0.15) range (0.41-1). 27of of the recipient had triphasic venous outflow wave signals and 13 of 

them had continuous venous outflow wave signals, again when compared means for (triphasic 

vs continuous) venous outflow waveform group, there was no statistically significant difference 

in ICU stays and word stays between the two groups (Table 4).   

 

 
Table 4. compered means for (triphasic vs continuous) venous outflow waveform recipient groups 

 HV waveform  N (40) Mean ± SD P-value  

ICU stay (days) Continuous  13 5.5 ± 4.2  
0.38 

Triphasic  27 4.4 ± 3.8 

Word  stay (days)  Continuous  13 8 ± 4.6  
0.74 

Triphasic  27 7.6 ± 3.2 

 

Regarding recipient morbidity and mortality. Two recipients were taken back to OR for bleeding 

washout, one in POD 4 and the other in POD 6. Two recipients developed transient renal failure, 

one required CRRT for 3 days and the other for 2 days.  

Four recipients died, one died intraoperatively from cardiogenic shock and acute myocardial 

infarction. Two of the recipients died from sepsis in POD 5 and POD 7 respectively, and one 

died from DIC in POD1. 

 
4. DISCUSSION 

 

Donor safety, remnant liver volume for the donor, and graft volume for the recipient are the 

major concerns and dilemmas for living donor liver transplant however published studies 

showed favorable results and minor concerns. [8-10]  

Lee JG et al. published a study from Korea, they performed living donor liver transplant without 

MHV in the majority of their cases and showed that donor hepatectomy can be performed 

successfully with minor morbidity and easily controlled complications, the biliary 

complications were the most common major complication, they didn't find a statistical 

difference in laboratory results or complication between the donor with RLV less than 30% and 

those with RLV of more than 30%. [12]   

In this study, we had one donor with a major biliary leak. He was a young male donor the 

amount of bile leak was about 500 ml per day which was treated by an ERCP, one donor 

developed small for size syndrome in form of persistent hyperbilirubinemia, ascites, and mild 

elevation of liver enzymes but no coagulopathy or encephalopathy. [1]   

 The donor was female with borderline liver size and overweight with a BMI of 30, we selected 

her because she was the only available donor for the recipient and transplantation was urgent, 

she had one day ICU stay and discharged at postoperative day10th, follow up showed complete 

recovery after two months with no major complications.   

Although we didn't interpret the donor RLV in this study, however, we relayed on postoperative 

TSB and INR as a reflector for donor RLV and liver function, and we studied the Doppler US 

parameters for the donor liver immediately postoperative until discharge for evaluation of donor 

RL venous outflow dynamics and detection of vascular complications. We found a significant 

decrease in both TSB and INR in discharge day compared to POD1 and one-month follow-up 

showed normalization of both TSB and INR. In addition, the Doppler US parameters for the 
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donor RL showed favorable results. Although there was an increase in PV and a decrease in 

HAIR, and one quarter (10/40) had continuous venous outflow wave signals, however, there 

were no signs of liver congestion or any vascular complications and these changes were 

transient, one month follow up showed normalization of all of these changes.  

When incorporating the middle hepatic vein in the right lobe liver graft will mitigate graft 

congestion especially in segment V and VIII and will give a better graft function, however, it 

didn't make a statistical difference regarding the recipient ICU and hospital stay, in Dayangac 

M et al. study the recipient hospital stay was 21.7 ± 14.2 vs 21.6 ± 10.9 (days) and the donor 

hospital stay was 10.2 ± 3.2 vs 9.7 ± 2.6. In Goja S et al. study the recipient ICU stay was 5.8 ± 

2.2 vs 5.9 ± 2.3 (days) and their hospital stay was 15.8 ± 6.5 vs 16.1 ± 7.2(days), and the donor 

hospital stay was 6 (5-22) vs 6 (5-17) days for a group with MHV vs without MHV respectively. 

{10,13}   

Comparing these results with the current study, this study showed more favorable results, the 

recipient ICU stay was 4.75 ± 3.9 (days) and their hospital stay was 12.5± 6.32 (days) and the 

donor hospital stay was 6 (4-9) days with MHV.  

Immediate postoperative and then daily doppler US is a reliable tool for evaluation of recipient’s 

liver graft and donor RL venous outflow dynamics and vascular complications and it decreases 

the need for more invasive CT angiography as far as there are no concerns about liver functions 

and there is no persistent increase in PV velocity and HA RI.  

Although there were 10 recipients with HA RI of more than 0.8 and three recipients with HA 

RI of less than 0.55 which normally ranges from (0.55 to 0.8).{11} However, these changes in 

PV velocity and HA RI were transient and normalized after follow-up.  

We usually discharge donors before the normalization of their RL function including TSB and 

INR as far as the donor has no other concerns and we follow them weekly until liver function 

becomes normal and it reached normal after one-month follow-up. These mostly explain the 

reasons behind our shorter hospital stays for recipients and donors.      

 

 

5. CONCLUSION  

 Middle hepatic vein incorporation in live donor liver graft is safe with a favorable outcome for 

recipient and donor, doppler US is one the important tool for evaluation and follow up of donor 

and recipient for detection of vascular complications and assessment of venous outflow. In 

addition, early discharge of the donor is a reasonable option.    
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11. LIMITATIONS  OF THIS STUDY 

• The sample size is small and we didn't include left lobe graft in this study    

• We didn't study the results of long-term follow-up for recipients.      

• The assessment of operative factors and intraoperative parameters has not been considered in 

this study and further studies need to be done to evaluate all those limitations.  

 
12. ALPHABETIC  ABBREVIATIONS 

BMI= body mass index   

CMV= cytomegalovirus   

CT= computed tomography    

CRRT= continuous renal replacement therapy  

DIC= disseminated intravascular coagulation  

EBV= Epstein-barr virus   

ERCP= endoscopic retrograde cholangiopancreatography     

HA= hepatic artery   

HV= hepatic vein   

ICU= intensive care unit   

INR= international moralization ratio  

LDLT= live donor liver transplant   

MHV= middle hepatic vein   

MRCP= magnetic resonance cholangiopancreatography     

OR= operation room   

POD= post-operative day  

PSV= peak systolic velocity    

PV= portal vein   

RI= resistive index    

RL= remnant liver  

RLV= remnant liver volume   

TSB= total serum bilirubin  

US= ultrasound   
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