
Analysis of risk factors affecting coagulopathy after donor 
hepatectomy in a newly established liver transplant center

INTRODUCTION

Liver transplant is a lifesaving treatment in end-stage acute and chronic liver failures, primary and sec-

ondary tumors of the liver, some metabolic diseases and post-traumatic massive liver injuries. Patients 

stay on the waiting lists for a long time due to the shortage in cadaveric donor organs, and may even 

die on the waiting list. In order to overcome this problem, living donor liver transplant (LDLT) has been 

commonly accepted worldwide. However, protecting the donor’s health should always be the most im-

portant target in LDLT (1). Coagulopathy after major hepatic resections is an important risk factor that 

has an impact on postoperative morbidity (2, 3). This becomes more of an issue particularly in the plan-

ning of interventions such as epidural catheter removal, which may be risky in terms of bleeding. In this 

study, the risk factors affecting the development of coagulopathy after donor hepatectomy in a newly 

established liver transplant center were analyzed. 

MATERIAL AND METHODS

Following the necessary legal preparations and inspections, Medipol Universty School of medicine De-

partment of General Surgery was licensed to perform liver transplantations (license no 5064) by the 

Ministry of Health on 03.02.2014. The liver transplantation program was started on April 2014 and from 

that date to July 2015, 46 LDLT were performed in our center. Donors were accepted as temporarily 

coagulopathic when the prothrombin time was (PT)≥15 sec. or the platelet count was <80000/mm3 on 

postoperative day 3 (4). According to these findings, donors were categorized as those with (n=24) and 

without (n=22) coagulopathy. This research was conducted according to the principles of the World 

Medical Association Declaration of Helsinki “Ethical Principles for Medical Research Involving Human 

Subjects”.

All relevant data during preoperative preparation, operation, postoperative follow-up and control peri-

ods of the donors were recorded systematically by the same physician. These data included donor age, 

gender, body mass index (BMI), biopsy findings (hydrops, sinusoidal dilatation, pigment accumulation, 

inflammatory infiltration, parenchymal focal necrosis, microvesicular steatosis, and macrovesicular ste-

atosis), graft type, volumetric analysis of the liver calculated by multi-slice computerized tomography 

(CT) [total liver volume (TLV), functional liver volume (FLV), graft volume (GV), remnant liver volume 
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Objective: As might be expected, living donor liver surgery is associated with serious morbidity and mortality risks. 

Coagulopathy after donor hepatectomy is an important risk factor affecting morbidity. In this study, risk factors 

affecting the development of coagulopathy after donor hepatectomy was evaluated in a newly-established liver 

transplant center. 

Material and Methods: A retrospective evaluation of 46 liver donors to whom hepatectomy was applied in Medipol 

Universty of School of Medicine Department of Organ Transplantation between April 2014 and July 2015 was made. 

Coagulopathy was defined as prothrombin time ≥15 sec. or platelet count <80000/mm3 on postoperative day 3. 

Donors were separated into 2 groups as those with (n=24) and without (n=22) coagulopathy. Preoperative, intraop-

erative and postoperative factors acting on coagulopathy were analyzed. 

Results: In the intergroup analysis, it was seen that remnant liver volume, remnant liver volume % and remnant liv-

er volume to body weight ratio were factors associated with coagulopathy. The cut-off values for these 3 parameters 

were calculated as 773.5cm3, 40.5% and 0.915 cm3/kg, respectively. Only remnant liver volume % was determined as 

a risk factor for coagulopathy after donor hepatectomy on multiple logistic regression analysis. 

Conclusion: The results of this study showed that the most important risk factors affecting coagulopathy after donor 

hepatectomy were the parameters associated with remnant liver volume.
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(RLV), percentage of remnant liver volume to total liver (RLV%), 

remnant liver to donor body weight ratio (RLBWR) ], graft 

weight after hepatectomy (GW), peri-operative use of blood 

transfusion, fresh frozen plasma (FFP), amounts of crystalloid 

and colloid solutions, operation time, as well as intraoperative 

and postoperative complications. Philips Brillance ICT256-slice 

scanner system was used for visualization, assessment and 

quantification of the liver that is extracted from abdominal 

CT images specifically providing quantitative measurements 

of the liver volume, including blood supply and abnormalities 

within the liver. It also provides information of FLV by auto-

matically removing vascular structure’s volume from total liver 

volume. The RLV value was calculated on CT by extracting the 

volume of the liver lobe to be used as the graft from the total 

liver volume, and RLBWR was calculated as the ratio of RLV, as 

detected by CT, to body weight.

Donor Preparation

In our center, donor preparation starts with taking a detailed 

medical history and physical examination and progresses 

gradually to invasive tests. Mentally competent individuals be-

tween the ages of 18 and 65 years are accepted as donor can-

didates. According to the organ transplant laws of our coun-

try, the donor must be related to the recipient up to the 4th 

degree or his/her spouse, and if there is no such relationship 

then approval from the Ethics Committee of the Local Health 

Authority is required. There must be no compromise of the 

principles stating that there must be no pecuniary advantage 

in the relationship between the recipient and donor, and the 

donor must submit into the arrangement voluntarily without 

being under any sort of pressure.

All donors are evaluated by transplant surgeons, hepatolo-

gists, cardiologists, pulmonologists, and psychiatrists, female 

donors are also evaluated by gynecologists. In the first evalua-

tion, all risks entailed in the donor surgery, operation and post-

operative follow-up are explained in detail to the donor by the 

transplant surgeon. The parenchymal structure of the liver, 

the liver volume and vascular system, and the biliary system 

are analyzed thoroughly by ultrasound, CT and MRI, respec-

tively. The donor is accepted when the RLV% is ≥35%, RLBWR 

is ≥0.6 and above, and the graft weight to recipient weight ra-

tio (GBWR) is ≥0.8 and above. Regardless of the RLV%, a donor 

is not accepted if RLBWR is <0.6. The histopathologic appear-

ance of the liver structure must be normal in liver biopsy. 

Donor Surgical Procedure 

Informed consent forms are received from all donors before 

the operation. Following anesthesia induction, 2 gr. of 2nd 

generation cephalosporin is used for prophylactic purposes. 

During the operation, the donors are monitored through 

electrocardiography, invasive blood pressure obtained from a 

catheter placed into the radial artery, central venous pressure 

obtained from the right internal jugular vein, and body tem-

perature. Bilateral or right subcostal incisions extending from 

the midline to the xiphoid are performed for the operation. 

Vascular structures in the hilus are dissected following mobili-

zation of the liver. Inferior hepatic veins with diameters >5 mm 

are dissected in a way to be anastomosed to the vena cava 

inferior, and veins with diameters <5 mm are transected with 

ligation. The biliary tract is defined with intraoperative cholan-

giography and cholecystectomy is performed. The demarca-

tion line is determined by placing a temporary clamp on the 

hepatic artery and portal vein of the lobe to be removed in or-

der to determine the right and left lobe resection lines. For the 

left lateral segment, this line is determined as the right side of 

the falciform ligament that is to remain on the graft. Dissection 

is performed so that the middle hepatic vein always remains 

on the left lobe. In right lobe grafts, veins draining segments 

5-8 to the hepatic vein are dissected and preserved to be able 

to make a reconstruction if they are >5mm in diameter. Cavit-

ron ultrasonic surgical aspirator (CUSA System 200 Macrodis-

sector; Cavitron Surgical Systems, Stamford, CT, USA) is used 

for parenchymal dissection.

Following completion of parenchymal dissection, the biliary 

tract is checked again for leakage via the cystic duct. Then the 

hepatic artery, portal vein and hepatic vein of the graft to be 

received are clamped and cut and the graft is transported to the 

back-table for the preservation process. The remnant hepatic 

vein stump is closed with 4/0, and the remnant portal vein, he-

patic artery and biliary tract are closed with 6/0 monofilament 

non-absorbable suture materials. The incision is closed in layers 

by placing a drainage catheter in the subhepatic region. 

Postoperative Follow-up

Following extubation, the donor is transferred to the inten-

sive care unit and monitored for 1 night. After recovering con-

sciousness, the naso-gastric catheter is removed and oral liquid 

nutrition is started. The donor is mobilized after 6 hours. The 

urinary catheter is removed on the 1st postoperative day and 

the central venous catheter on the 3rd day on condition that 

the platelet count is 80000/mm3 or above. Following 48 hours 

of controlled analgesia, oral analgesic agents are administered. 

Liver function tests are checked daily during the hospitalization 

period. The drainage tube is removed when the daily amount 

of serous drainage is <100 cc. Donors are generally discharged 

on the 4th-7th postoperative day. Follow-up examinations are 

made in 1 week after discharge, then at the 1st, 3rd, 6th and 12th 

months including Doppler USG and liver function tests. 

Statistical Analysis

Statistical Package for the Social Sciences version 22.0 (IBM 

Corp.; Armonk, NY, USA) program was used for data analysis. 

The Shapiro-Wilk test was used for the conformity of the data 

to normal distribution, and the Leneve test was used for vari-

ance homogeneity. Independent-Samples T test was used 

with Bootstrap results and the Mann-Whitney U test was used 

with the Monte Carlo simulation method in the comparison of 

two independent groups. The Pearson Chi-Square and Fisher 

Exact tests were performed with the Monte Carlo Simulation 

method in the comparison of categorical data. Odds ratio was 

used for the determination of the most important risk factor 

among categorical significant risk factors. Logistic regression 

test was used to determine the cause and effect relationship 

of categorical response variable with explanatory variables in 

binary and multinominal categories. The relationship between 

the classification of groups separated by the cut-off value cal-

culated according to variables and the real classification, sen-

sitivity and specifity values were analyzed and stated by ROC 

(Receiver Operating Curve). Quantitative data were stated as 

mean±std.(standard deviation), range (Maximum-Minimum) 

and median range (Maximum-Minimum) values. Categorical 

data were stated as number (n) and percentage (%). The data 70
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were analyzed at 95% confidence level and a value of p<0.05 

was accepted as statistically significant. 

RESULTS

Seventeen of the 46 donors were (37%) female, and 29 (63%) 

were male. The mean age of the donors was 35.24±7.5 years 

(25-55 years) in the group with coagulopathy, and 35±8.16 

years (23-53 years) in the group without coagulopathy. Body 

mass index (BMI) was 27,23±4,01 (35,8-20) in the group with 

coagulopathy, and 27,12±4,11 (34,4-20) in the group without 

coagulopathy. The demographic data were similar in both 

groups. All patients with coagulopathy were diagnosed based 

on a PT value >15 sec. There were no donors with thrombocy-

topenia <80,000. There were no mortalities. 

The 41 preoperative donor liver biopsies revealed 13 hydrops, 

8 sinusoidal dilatation, 9 pigment deposition in hepatocytes, 

and 18 sparse focal necrosis. Microvesicular steatosis between 

3-15% was observed in 13 donors and macrovesicular steato-

sis between 5-25% in 20 donors. Parenchymal structures were 

normal in all donors. No significant difference was seen be-

tween the groups in terms of all the parameters. The findings 

are summarized in Table 1.

Per-operative blood transfusions were performed on 21 do-

nor operations. In 2 donor operations, significant bleeding 

occurred due to sliding of the vascular clamp on the vena 

cava securing the hepatic vein stump. No significant differ-

ence was seen between the groups in terms of intraoperative 

blood transfusion requirements, crystalloid and colloid fluid 

amounts given, operation times and intraoperative complica-

tions (Table 2).

When volumetric analysis results were examined, it was seen 

that there was no significant difference between the groups 

with regards to TLV, FLV, GV and graft type. GW results were 

also similar. However, the parameters of RLV [602 cm3, (413-

1450 cm3) versus 670 cm3, (503-1469 cm3), p=0.046], RLV% 

[39%, (35-80%) versus 42.5%, (37-85%), p=0.004], and RLB-

WR [0.79%/kg, (0.59-1.64%/kg) versus 0.915 (0.67-1.8%/kg), 
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Turk J Surg 2017; 33: 69-75

Table 2. Intraoperative characteristics of donors with or without coagulopathy

  No coagulopathy (n=22) Coagulopathy (n=24) p 

Biopsy (no/yes) 4 (18.2)/18 (81.8) 1 (4.2)/23 (95.8) 0.178

Hidrops (no/yes) 15 (78.9)/4 (21.1) 15 (62.5)/9 (37.5) 0.324

Sinusoidal dilatation (no/yes) 15 (83.3)/3 (16.7) 17 (77.3)/5 (22.7) 0.709

Collection of pigment (no/yes) 13 (72.2)/5 (27.8) 18 (81.8)/4 (18.2) 0.705

Inflammatory infiltration (no/yes) 13 (72.2)/5 (27.8) 10 (43.5)/13 (56.5) 0.112

Focal Necrosis (no/yes) 11 (61.1)/7 (38.9) 11 (50)/11 (50) 0.537

Microvesicular steatosis (no/yes) 11 (61.1)/7 (38.9) 16 (72.7)/6 (27.3) 0.509

Macrovesicular steatosis (no/yes) 9(50) / 9(50) 11 (50)/11 (50) 1

Fisher Exact Test (Monte Carlo) 

n (%)

Table 1. Histopathologic findings of donor liver biopsies with or without coagulopathy

  No coagulopathy (n=22) Coagulopathy (n=24) p

Sex (female/male) 10 (45.5)/12 (54.5) 7(29.2)/17 (70.8) 0.361

Age, years 35.00±8.16 (53-23) 35.25±7.50 (55-25) 0.914

BMI, kg/m2 27.12±4.11 (34.4-20) 27.23±4.01 (35.8-20) 0.942

Hemoglobin, g/dL 14.45±1.89 (18-9.9) 14.35±2.00 (19.9-10.2) 0.859

White Blood cell, 10e3/uL 7.79±1.49 (10.8-5.4) 7.28±2.01 (11.9-4.6) 0.334

Platelet, 10e3/uL 251.18±68.18 (378-129) 232.79±61.04 (405-130) 0.340

PT, s 13.11±0.68 (14.6-12.3) 13.44±0.77 (14.9-12.2) 0.123

INR 1.03±0.09 (1.2-0.9) 1.09±0.09 (1.25-0.89) 0.039

AST, U/L 17 (44-10.7) 16 (34-11) 0.683

ALT, U/L 17.5 (54-8.6) 16 (60-6.9) 0.891

Albumin 4.56±0.38 (5.3-3.5) 4.47±0.26 (5-4.1) 0.316

Total Bilirubin mg/dL 0.415 (3.2-0.2) 0.5 (1.4-0.2) 0.688

Direct Bilirubin mg/dL 0.2 (0.9-0.1) 0.2 (0.4-0.1) 0.710

Fisher Exact Test (Monte Carlo); Independent T Test (Bootstrap); Mann-Whitney U Test (Monte Carlo); Mean±Sd (standard deviation); Range (maximum-

minimum); Median Range (maximum-minimum); n (%) 

BMI: Body Mass Index; PT: prothrombin time; AST: aspartate aminotransferase; ALT: alanine aminotransferase



p=0.034] were significantly lower in the group with coagulop-

athy. The findings are summarized in Table 3 and Figure 1a-c.

In the intergroup analyses, the ROC curve and cut-off values 

were calculated for RLV, RLV% and RLBWR parameters, which 

were determined to have an effect on coagulopathy. In these 

analyses, the cut-off values were calculated as 773.5 cm3, 

40.5% and 0.915%/kg, respectively, for RLV, RLV% and RLBWR. 

All three values were statistically significant. The analysis re-

sults are summarized in Table 4 and Figure 2. 

Remnant liver volume, RLV% and RLBWR values, for which 

significant results were found in the statistical analyses per-

formed based on the cut-off values, were analyzed again with 

the multiple logistic regression model. In this analysis, as sum-

marized in Table 5, RLV% of <40.5% was seen as a statistically 

significant risk factor for the development of coagulopathy 

[(p=0.01, AUC±Se:0.745±0.073, Odds Ratio (95%C.I):0.188 

(0.053-0.664)].

DISCUSSION

Liver transplant is the only curative treatment for end-stage 

liver failure, acute liver failure, some metabolic diseases and 

for some tumors of the liver. Increasing number of liver trans-

plants are being performed using partial grafts obtained from 

living donors due to the shortage of cadaveric donor organs 

in developing countries, such as Turkey. Living-donor liver 

transplantation has the advantages of shortening the waiting 

time, extending life expectancy and that it can be performed 

under elective conditions (5). LDLT requires a donor who has 

been tested and confirmed to be sufficiently healthy to be 

exposed to an operation with serious morbidity and mortal-

ity risks. Therefore, the main duty and responsibility of organ 

transplant surgeons are to protect the donor’s health and to 

minimize any risks associated with the operation. Despite de-

velopments in surgical techniques and experiences, a compli-

cation rate of approximately 38% and a mortality rate of 0.2% 

has been reported. Fortunately, almost all donors return to 

their normal lives at 3-6 months postoperatively (6-8). There 

is a higher rate of complications and mortality in right lobe 

donors with a long-term negative effect on quality of life. The 

only reason of the higher mortality and morbidity rate in right 

lobe donors is the greater liver volume to be removed (8, 9). 

In the current study, 39 donors underwent right hepatectomy 

while 7 underwent left lobe or left lateral segment resection. 

Of the donors with coagulopathy, right lobectomy was ap-

plied to 22 cases and left lobe or left lateral segment hepa-

tectomy to 2. 

Table 4. Analysis of factors predict coagulopathy of donor’s using Roc curve with or without coagulopathy

  No coagulopathy (n=22) Coagulopathy (n=24) p

TLV 1.616.95±201.10 (1952-1256) 1.582.29±206.55 (2115-1190) 0.553

FRV 1.561.05±194.59 (1883-1217) 1.524.83±199.73 (2050-1149) 0.523

GV 868 (1100-236) 918.5 (1278-258) 0.508

Type of graft (Left/Right) 5 (22.7)/17 (77.3) 2 (8.3)/22 (9.7) 0.234

GW 920 (1050-220) 935 (1150-320) 0.324

RLV 670 (1469-503) 602.5 (1450-413) 0.046

RLV% 42.5 (85-37) 39 (80-35) 0.004

RLBWR 0.915 (1.8-0.67) 0.79 (1.64-0.59) 0.034

Fisher exact Test (Monte Carlo); Independent T Test(Bootstrap); Mann-Whitney U Test (Monte Carlo); Mean±Sd (standard deviation); Range (maximum-

minimum); Median Range (maximum-minimum); n (%) 

TLV: total liver volume; FRV: functional liver volume; GV: graft volume; GW: graft weight which calculate intraoperatively; RLV: remnant liver volume: RLBWR: 

remnant liver body weight ratio
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Table 3. Multi-slice computed tomography (CT) findings of donors with or without coagulopathy

  No coagulopathy (n=22) Coagulopathy (n=24) p

TLV 1.616.95±201.10 (1952-1256) 1.582.29±206.55 (2115-1190) 0.553

FLV 1.561.05±194.59 (1883-1217) 1.524.83±199.73 (2050-1149) 0.523

GV 868 (1100-236) 918.5 (1278-258) 0.508

Type of graft (left/right) 5 / 17 2/ 22 0.234

GW 920 (1050-220) 935 (1150-320) 0.324

RLV 670 (1469-503) 602.5 (1450-413) 0.046

RLV% 42.5 (85-37) 39 (80-35) 0.004

RLBWR 0.915 (1.8-0.67) 0.79 (1.64-0.59) 0.034

Fisher exact Test (Monte Carlo); Independent T Test (Bootstrap); Mann-Whitney U Test (Monte Carlo); Mean±Sd (standard deviation); Range (maximum-

minimum); Median Range (maximum-minimum); n (%) 

TLV: total liver volume; FLV: functional liver volume; GV: graft volume; GW: graft weight calculated intraoperatively, RLV: remnant liver volume; RLBWR: remnant 

liver body weight ratio



Major hepatic resection leads to a reduction in liver tissue that 

synthesizes coagulation factors and accordingly to the devel-

opment of coagulopathy (3, 10). Temporary coagulopathy has 

been reported after resections performed for LDLT and liver 

tumors (4, 10-12). In these studies; hemorrhage, transfusion, 

temporary cessation of liver blood flow, fibrinolysis, high BMI, 

and decrease of synthetic activity have been reported as fac-

tors affecting coagulopathy. The Pringle’s maneuver used for 

reducing hemorrhage has been reported as an independent 

risk factor that affects coagulopathy (13). In the current series, 

there was no bleeding that required temporary occlusion of 

liver blood flow. RLV% was found to be a risk factor affecting 

coagulopathy development. 

Coagulopathy is often accepted as a situation that jeopardizes 

donor safety, although it is not a factor that extends length 

of hospital stay in donors. In these patients who undergo ma-

jor surgery, perioperative monitoring is obtained by central, 

epidural and arterial catheters, which carry the risk of bleed-

ing in a coagulopathic environment when they are removed. 

Karna et al. (3) suggested that the INR value should be <1.5 for 

the epidural catheter to be removed safely, and therefore this 

catheter should not be removed during the first 4 days after 

hepatectomy. In another study, it was reported that invasive 

catheters could be removed safely in cases where the platelet 

count is 100 000/mm3 (14). In our center, epidural anesthesia 

is not used. The central venous catheter used for monitoring 

is generally removed on the 3rd postoperative day, when the 

platelet count is ≥80000/mm3. No complications were record-

ed associated with the removal of the catheters. 

Due to the higher volume of liver removed after right lobe 

donor hepatectomy, there is a higher risk of coagulopathy 

development as compared to left lobe procedures. Remnant 

liver volume measured with CT is generally stated as %. In pre-

vious studies, it has been shown that hepatectomy could be 

implemented safely when the RLV is >30%, and complications 

have been reported to significantly increase in donors with 

a RLV of <30%. The same studies have also reported that the 

rate of coagulopathy was higher in donors with lower RLV per-

centages (3, 15, 16). Fan et al. (17) reported that the minimum 

remnant volume should be ≥ 30% for donors. In the current 

series, RLV <40.5% was determined as an independent risk fac-

tor on the development of coagulopathy. In line with this data, 

although it has been stated that hepatectomy performed with 

RLV >30% is safe, it should be kept in mind that a completely 

healthy individual underwent a major operation.

Figure 1. a-c. (a) Analysis of factors predicting coagulopathy 

in donor’s remnant liver volume (RLV), (b) Analysis of factors 

predicting coagulopathy in donor’s % remnant liver volume 

(%RLV), (c) Analysis of factors predicting coagulopathy in 

donor’sremnant volume to body weight ratio (RLBWR)

1.800

1.600

1.400

1.200

1.000

.800

.600

.400

R
e

m
n

a
n

t 
B

W
R

Non coagulopath

c

1600.00

1400.00

1200.00

1000.00

800.00

600.00

400.00

R
e

m
n

a
n

t 
G

r

Non coagulopath

a

Coagulopath

90.00

80.00

70.00

60.00

50.00

40.00

30.00

R
e

m
n

a
n

t 
%

Non coagulopath

b

Coagulopath

Coagulopath

Figure 2. ROC curve analysis

1.0

0.8

0.6

0.4

0.2

0.0

S
e

n
si

ti
v

it
y

0.0 0.2 0.4 0.6 0.8 1.0

ROC Curve
Source 

of the Curve

Remnant Gr
Remnant %
Remnant BWR
Reference Line

Diagonal segments are produced by ties

1-Specificity

73

Turk J Surg 2017; 33: 69-75



In a series of 74 cases of major liver resections for liver disease, 

Truant et al. (18) reported that hepatectomy could safely be 

performed when RLV% is >20% and RLBWR is >0.5, and that 

liver failure and thus mortality rates were higher in cases 

where the values were below these levels. In another study, 

the cut-off value for RLBWR was stated as 0.4 in patients with 

liver disease (19). In a study of 83 cases, Radtke et al. (20) re-

ported that temporary small-for-size syndrome developed in 3 

living donors. The RLBWR values of those 3 patients were given 

as 0.6 and 0.5. In another study, it was reported that morbid-

ity was significantly higher when RLV% was <30% and RLBWR 

<0.6 (21). In our center, it is accepted that RLBWR should be 

≥0.6 for LDLT. In this study, the cut-off value for RLBWR was de-

termined as 0.915, there was determined to be a possibility of 

estimating coagulopathy development with 83% sensitivity. 

Although an extensive resection is acceptable in patients with 

liver disease, even with poor results, a living liver donor who is 

known to be completely healthy should never be jeopardized.

CONCLUSION

The most important risk factors affecting coagulopathy after 

donor hepatectomy are remnant liver volume and its associ-

ated parameters. It must be taken into consideration that co-

agulopathy is an important factor that affects donor survival 

and morbidity. Donor selections must be made more liberally. 
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