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Abstract
Background

Living donor liver transplantation involves removal of the donor’s 
right hepatic lobe. Removal of 65% of the liver tissue may disrupt 
hepatic functions that regulate the production and balance of the 
clotting factors and anti-clotting factors. The aims of the study 
were to investigate the changes in the serum levels of the natural 
pro-coagulants and anti-coagulants following removal of the 
right lobe of the liver in living liver donors.

Methods

This was a prospective, observational pilot study that included 
twenty consecutive living liver donors (LLDs) undergoing 
right lobe hepatectomy. The conventional clotting tests that 
were used included; platelet counts, international normalized 
ratio (INR), activated partial thromboplastin time (PTT).
While, thromboelastography (TEG), activated protein C (aPC), 
antithrombin-III (ATIII), thrombin-antithrombin complex (TAT), 
sP-selectin (sPS) and thrombin generation products (TGP) were 
done simultaneously with the conventional clotting tests at the 
following time points; pre-surgical incision, and on postoperative 
day 1,3,5,7,15 and 30. 

Results

20 consecutive adult living liver donors were included in the 
study, twelve females and eight males, aged 37 ± 9.2 years 
old. No patient received blood transfusion or pharmacologic 
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thrombosis prophylaxis. Platelet counts significantly 
decreased from baseline over the duration of the whole 
study period. A significant prolongation of INR was noted 
on POD 1,3,5,7 while PTT remained unchanged during the 
study period. TEG showed no significant changes in all 
parameters except for shortening of the reaction time (R) 
on POD1,3,5 aPC levels were significantly decreased on 
POD1,3,5 and 7 and normalized on POD15, and 30. ATIII 
levels were significantly decreased on POD1,3,5,and 7 
and normalized on POD 15&30. TAT complex increased 
on POD 1, 3 and 5 and back to normal on POD7,15,30. 
sPS significantly increased on POD 1,3,5,7,15 and 30. The 
TGP peak height and AUG of the TGP showed significant 
increase on POD15&30, while the TGP-lag time remained 
stable throughout the study period.

Conclusions

Anti-coagulant markers decreased and pro-coagulant 
markers increased in LLDs, while the conventional 
coagulation tests failed to reflect the in vivo changes in 
coagulation. Although, platelet counts decreased from 
the baseline readings, the changes in their counts were 
never critical to justify correction, same it goes with the 
INR.

Introduction
The shortage of cadaveric donors and the encouraging 
results of living liver transplantation (LT) in the pediatric 
population have made adult-to-adult LLD transplantation 
an attractive alternative, especially for patients with low 
Model for End-Stage Liver Disease scores. However, in 
pediatric LT, the use of smaller grafts (left hepatic lobe 
or a few segments) may have less dramatic effects on 
the donor’s hepatic functions than when the right lobe, 
which constitutes 65-70% of the liver, is used. Early 
complications, mostly related to the surgery (bleeding, 
bile leak), that have been encountered more frequently 
in centers that perform fewer procedures [1]. However, 
as demonstrated by a review of donor’ data, the overall 
morbidity rate is 31% for the first year following surgery 
[2]. Critical analysis of surgical complications suggests 
underreporting and underestimation of the frequency 

and severity of such complications. In this study, we 
investigated the possibility of one such complication 
that can occur in LLDs: the disruption of normal hepatic 
coagulation functions.

Methods
This is a prospective, observational pilot study 
investigated changes in hepatic coagulation and anti-
coagulation functions following right lobe hepatectomy 
in LLDs. After approval from the local Institutional Review 
Board (protocol #11040003), we enrolled 20 consecutive 
adults scheduled to undergo right lobe hepatectomy for 
donation to patients with end-stage liver disease (ESLD). 
The donors were followed for the duration of study, which 
was 30-days period.

Preparation for LLD surgery 

LLDs underwent extensive psychological evaluation, 
physical examination and imaging studies coupled with 
thorough review of their medical and surgical histories. 
The possibility of any medical problems, in particular 
abnormal hepatic functions or coagulation disorders 
(acquired or congenital) that may cause bleeding or 
thrombotic complications are ruled out before the 
potential candidate is considered for partial hepatectomy. 
The potential candidate will undergo the standard of care 
preoperative clotting tests that include; INR, PTT, platelet 
counts, protein C & S levels, lupus anticoagulant, and 
antithrombin III levels. 

Intraoperative management

The preferred surgical procedure for LLDs is right lobe 
hepatectomy that involves resecting about 65% of the liver 
or ≥ 800 grams. The LLDs received general anesthesia 
with standard of care monitoring (non-invasive BP, 
EKG, O2 saturation monitoring, core body temperature, 
urine output) as well as arterial line and central venous 
pressure catheter (CVP), which are both established after 
induction of general anesthesia. To reduce blood loss by 
lowering the CVP and before removal of the right lobe, 
350-450 ml of blood is drawn from the central venous 
access in a citrate anticoagulant-containing bag and 
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transfused back to the patients after completion of the 
surgical resection of the right lobe. Patients received 
3,000 to 5,000 units (depending on patient weight) of 
heparin intravenously before the removal of the right lobe 
as a precaution for intra-hepatic vascular thrombosis. 
Cell saver is routinely used in these cases to minimize 
homologous blood transfusion. As part of this protocol, 
the tests for aPC, sPS, TGP, AT-III, TAT complex, TEG, 
INR and platelet counts were performed after induction 
of anesthesia (before surgical incision) and on POD1, 3, 
5,7,15 and 30.

Post-operative care 

As a standard of care, all LLD patients are admitted to 
the intensive care unit for 24-48 hours postoperatively. 
To prevent deep venous thrombosis, intermittent 
compression stockings are applied intraoperatively and 
kept during the postoperative period until the patients 
are fully mobile. Patients are encouraged to mobilize 
within the first post-operative day and no prophylactic 
antithrombotic agents are given. As standard of care at 
our institution LLDs receive vitamin k for the 1st three 
postoperative days (5 mg/day) regardless of their INR. 

Monitoring of LLD post-operative hepatic function 

As standard of care for LLDs, liver function tests, INR, 
platelet counts and PTT were performed on a daily 
basis throughout the duration of hospital stay. As part 
of the study protocol; aPC, AT-III, sPS, TGP, TAT and 
TEG were performed simultaneously on day (POD) 
1,3,5,7,15 and 30.aPC was measured by using a BCS® 
Coagulometer (Dade Behring). AT-III was measured using 
BCS® Coagulometer (Dade Behring). sPS is analyzed 
by enzyme-linked immunoassay (Enzygnost TAT, 
DadeBhring and sPSelectin/CD62P ELISA). TAT complex 
is measured by Sandwich-style ELISA test. Thrombin 
activity is measured by the cleavage of chromogenic or 
fluorescent substrate, resulting in a thrombin generation 
curve. From the thrombin generation curve, various 
parameters are assessed, which include time for 
thrombin burst (lag phase time, which correlates with 
clotting time), peak amount of thrombin generation (Peak 
Thrombin Height, the time to reach the peak thrombin 

generation), velocity of thrombin generation (velocity 
index), while the total amount of thrombin generated 
can be inferred from the area under the curve (AUC). The 
increase in thrombin generation and the increase in TGP 
indicate activation of coagulation. TEG (Haemoscope 
Corp, Skokie, IL) was used with kaolin-activated native 
blood. TEG parameters that we studied were; reaction 
time (R), maximum amplitude (MA) and α-angle.The 
percentage of changes from baseline measurements in 
biomarkers, TEG parameters and conventional clotting 
tests were recorded during the study period.

Statistical analysis

Data from patient coagulation tests and biomarkers were 
described as mean ± standard deviation at baseline and 
on each of the recorded postoperative days. Paired t-test 
was used to compare patient values on POD 1, 3, 5, 7 15 
and 30 to baseline values, with p < 0.05 set for statistical 
significance. Patient demographics were described using 
means and standard deviations for continuous variables 
or frequencies and percentages for continuous variables. 
All statistical analysis was performed using SPSS version 
22 (IBM Corp., Armonk, NY).

Results
20 consecutive patients were included in this study and 
all of them completed the 30-days study period. There 
were 12 females and 8 males; 37 ± 9.2 years old with 
BMI of 26.1 ± 3.1. All patients were ASAPS-1 according 
to the American Society of Anesthesiologists physical 
status classification (Table 1). The mean hospital stay 
was 6.34 days ±1 and mean ICU stay was 1.70 days ± 
1.08. No patient received homologous blood products 
during the perioperative period; all received cell saver 
blood (200-260 ml) and none received any antiplatelet 
or pharmacological thrombosis prophylaxis apart from 
compression stockings and early mobilization. No 
patient suffered post-operative thrombotic or bleeding 
complications during the study period. TEG parameters 
(MA, α-angle) showed no significant changes throughout 
the study period; however, R-time alone was significantly 
shortened from baseline on POD 1,3 and 5. INR started 
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to significantly increase from baseline on POD1 through 
POD7 and was in the normal ranges at the end of 
surgery and POD15&30). Platelet counts significantly 
decreased from baseline value at the end of the surgery 
and remained low on POD1,3,5,7,15 and 30. PTT was 
unchanged though out the study period. (Table 2). sPS 
significantly increased from baseline throughout the 
study period (Table 3). aPC and ATIII were significantly 
lower than baseline on POD-1,3,5, and 7 (Table 3) and 
normalized on POD-15&30. TAT complex significantly 
increased on POD1,3,5,7. The AUC for the TGP showed 
significant increase on POD1 through POD30.While the 
Peak Height did not show any significant changes from 
the baseline until POD15 and30. However, the lag-time 
remained unchanged during the study period (Table 3).

Discussion
Live donor liver transplantation has become a common 
practice to increase the donor organ pool. Removal 
of the right lobe of the liver for LDLT, may lead to 
disruption of the delicate balance that the liver normally 
maintains between the procoagulant and anticoagulant 
mediators and may lead to either thrombotic or bleeding 
complications. Hypercoagulability with thrombotic 
complications including pulmonary embolism (PE) and 
deep venous thrombosis were reported in living-liver 
donors. PE has an incidence of 7% and in some cases 
with fatal outcome. Deep venous thrombosis, splenic 
and portal vein thrombosis have been also reported as 
serious thrombotic complications [1-3].

Abecassis et al., reported an overall 40% of the 740 
LLDs developed one or more of complications, including 
the thrombotic and bleeding complications mounted to 
about 6.7% [4]. Overall, thromboembolic risks in LLDs 
are underestimated and under acknowledged, this may 
reflect the lack of a proper understanding of the changes 
in the coagulation after partial hepatectomy [5].

In this study, conventional coagulation tests of all LDLs, 
including INR, and platelet counts failed to register 
the in vivo changes, although they showed statistical 
significant changes from their baseline values, which 

are in theory, may point out to toward hypercoagulability. 
However, these changes are of no clinical significance 
since most of them were still within the normal ranges 
or slightly deviated from the normal ranges of these tests 
and did not require medical interventions. Although, the 
platelet production is not part of liver function, there were 
significant drop in platelet counts throughout the study 
period; however, their number did not reach critical values 
that would require platelet transfusion. The reasons for 
changes in platelet counts can be explained by possible 
consumption in clot formation and/or a dilution effect 
from intravenous fluid administration. The PTT remained 
stable during the study period which gives another 
example of the unreliability of the conventional clotting 
tests in the monitoring of postoperative hepatic function 
in LLDs.

In contrast with the conventional clotting tests there was 
increase of the in vivo markers of coagulation activation 
(sP-Selectin) and decrease in natural anticoagulants 
(PC and ATIII). The mild prolongation of INR may have 
protected the patients from thrombotic complications 
in the early postoperative course; that was possibly the 
main etiology for why our group did not suffer such 
complications. The administration of vitamin K in these 
patients can be considered as unnecessary and/or a 
questionable practice that may put these patients at 
risk of thromboembolic complications. However, further 
study with larger sample size in this group is required 

Table 1: Living-liver donors’ demographic data. The data 
are expressed as Mean ± SD, ratio or absolute numbers

Patient Variable Data
Age(years) 37±9.2

Sex(male/female) 12-Aug

BMI 26.1±3.1

ICU length of stay (LOS)(days) 1.70 ± 1.08

Hospital LOS(days) 6.34 ±1

Packed red blood cells transfusion 0

Fresh frozen plasma Transfusion 0

Platelet transfusion 0

Cryoprecipitate transfusion 0

Pharmacologic DVT prophylaxis 0

Thrombotic events (during hospital stay and up to POD 30 ) 0
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to validate this finding before considering changing the 
practice.

TEG monitoring can be useful in the perioperative 
management of donors to guide antithrombotic 
treatment and ensure the safety of the procedure. A 

study by Cerutti et al., showed that despite routine tests 
indicating hypocoagulability, TEG monitoring showed 
hypercoagulability in the majority of patients after 
hepatectomy for LDLT [6].

In our study, apart from R-time, TEG parameters did 

Table 2: Data for the conventional clotting tests and TEG, the data are expressed in Mean ± SD.

Table 3: Data for the procoagulant and anticoagulant markers. Data are expressed in Mean ± SD and P value is 
considered significant ≤ 0.05 

P value is considered significant ≤ 0.05 

Clotting Test Baseline Closing POD-1 POD-3 POD-5 POD-7 POD-15 POD-30

INR 1.03±0.06
1.1±0.45
P=0.5

1.59±0.25
P<0.001

1.55±0.32
P<0.001

1.3±0.2
P<0.001

1.16±0.1
P=0.001

1.09±0.11
P=0.17

1.08±0.04
P=0.13

PTT 
(seconds)

29.4±2.9
27±12.74
P=0.35

30.26±3.6
P=0.28

32.5±4.4
P=0.02

28.9±2.7
P=0.26

26.9±2.9
P=0.07

28.7±2.12
P=1.0

27.8±1.45
P=0.20

Platelets
109/L 

239±48
179±49
P<0.001

165±46
P<0.001

141±34
P<0.001

181±40
P<0.001

220±49
P=0.031

253±29
P=0.019

195±42
P=0.006

TEG-R 8±1.5
5.85±4.3
P=0.1

5.13±1.88
P<0.001

5.46±1.48
P<0.001

5.8±2.58
P=0.013

…..
….

7.78±1.28
P=0.4

6.5±1.58
P=0.5

TEG-α 60.93±6.13
61.70±12
P=0.84

61±8.15
P=0.1

64.8±5.3
P=0.13

65.6±15.9
P=0.15

…….
……

54.9±1.2
P=0.4

58±8.5
P=0.35

TEG-MA 63±5.8
60±9.5
P=0.03

6±7.1
P=0.181

60.5±8
P=0.37

63±10
P=0.88

……
……

57.7±9.1
P=0.98

57.2±7.5
P=0.24

Biomarker Baseline POD-1 POD-3 POD-5 POD-7 POD-15 POD-30

Protein C normal 
65-135 IU/dL

104.4±13.3
49.6±17.8
p<0.001

37.5±15.2
p<0.001

46.3±18.8
p<0.001

54.5±2.2
P=0.01

91.4±28.3
P=0.07

90±17.4
P=0.06

ANT-III activity (%)
normal 85%-140%

83±10.4
55.2±9.8
p<0.001

44.7±9
p<0.001

49.8±8.4
p<0.001

63.9±10
p<0.001

77.1±15
P=0.06

81±6
P=0.98

TAT complex
normal<4.20 ug/L

3.5±1.0
21.13±16.91
P=0.002

14.63±13.7
P=0.012

13.54±17.5
P=0.05

14.48±0.71
P=0.048

4.16±1.92
P=0.352

2.5±0.11
P=0.630

sPselectin
normal 18-40 ng/ml

30.4±8.4 51.6±12.4
p<0.001

48.1±7
p<0.001

43.3±7
p<0.001

58.2±28
p<0.001

46±7.2
P=0.007

42.8±11
P=0.025

TGP peak height
normal 114.5 nM

188±129
170±106
P=0.408

232±106.3
P=0.098

226.3±104
P=0.428

351.4±165
P=0.147

442±71.17
P=0.005

362±67.17
P=0.004

TGP-AUC 
normal 2482

2866.9±800
2032±808
P=0.006

3580±808
P=0.04

3471±797
P=0.021

3001±432
P=0.021

3318±250
P=0.019

3278±243
P=0.042

TGP-lag time 
normal 15.8 min

12.0±3.24
13.3±4.48
P=0.239

15.5±15.3
P=0.312

11.14±3.13
P=0.530

11.43±3.6
P=0.683

9.27±1.44
P=0.683

8.9±0.99
P=0.078
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not show significant changes in the direction of hypo or 
hypercoagulation when compared to baseline. Although, 
the R-time was significantly shortened during the first 
postoperative week, but by itself is of no value in clinical 
practice when all other TEG parameters are within 
normal ranges and patients show no clinical signs of 
bleeding or thrombosis. Activated protein C is a vitamin 
K-dependent serine protease inhibitor that functions as 
natural anticoagulant and has normal plasma levels of 
65-135 IU/dL. A 50%-65% reduction in plasma PC levels 
is associated with thrombotic complications, as noted in 
hereditary PC deficiency [7].PC is produced by the liver in 
an inactive form (zymogen) and it is activated by thrombin, 
thrombomodulin and endothelial protein C receptors. aPC 
and in synergy with protein S inhibits further thrombin 
generation through the proteolytic inactivation of factors 
Va and VIIIa [8]. aPC also acts as a cytoprotective agent 
and plays vital roles in regulating gene expression, acting 
as anti-inflammatory, antiapoptotic protein which further 
protects the vascular endothelial barrier [7,8]. In our 
study, PC was low up until POD15, which may mark the 
successful regeneration of the liver and an increase in 
production of the marker.

Another glycoprotein anticoagulant that is produced by 
the liver is ATIII which has plasma a half-life of three days 
and is the most important and critical anticoagulant in 
the neutralization of the active forms of factors VII, IX, 
X, XII1 and thrombin. ATIII antigen and activity levels are 
typically expressed in percent and normal ranges for 
ATTII activity at our lab are 85%-140%; the activity test 
determines whether the ATIII that is present actually works 
[9]. ATIII has been shown to decrease after liver resection 
for liver tumors or LDLT which is another risk factor for 
hypercoagulability [3,10]. In our study, the changes in 
plasma levels of ATIII were similar to the changes in 
plasma levels of aPC, decreasing on POD1 and starting to 
recover on POD15. Normally, the decrease in ATIII plasma 
levels may be caused by a decrease in hepatic production 
or/and by an increase in complex consumption of the 

activated clotting factors, which is reflected by an increase 
in TAT-complex. The TAT complex showed a significant 
increase on POD1,3,5 and 7 and back to normal ranges 
during the rest of the study period, these changes in TAT 
levels coupled with the changes in ATIII may point out 
to the possibility of an increase in clot formation during 
the early postoperative days and participation in the 
consumption of ATIII and further decrease of its plasma 
levels.TAT complex was found to be very sensitive in 
detecting procaogulant status in patients with suspected 
thromboembolic events. However, TAT is nonspecific 
for thromboembolism as it is just a reflection of the 
activation of coagulation rather than active clot formation 
[11]. sPS is an adhesion molecule which is located in the 
membranes of granules in unstimulated platelets and in 
endothelial cells in membranes of Weibel-Palade bodies 
and megakaryocytes. The physiologic role of sPS is 
mediation of initial leukocyte adhesion to the activated 
endothelium during acute inflammation [12] .sPS can be a 
useful indictor for in vivo platelet activation which cannot 
be influenced by conventional anti-platelet medications 
[13]. In our study, sPS was significantly increased from 
baseline and continued to be high throughout the 
study period matching the pattern of changes in aPC 
and ATIII during first fifteen PODs, which may indicate 
the possibility of hypercoagulation.TGP is a universal 
test that assesses the global hemostatic balance by 
measuring the overall tendency of plasma sample to form 
thrombin after the initiation of coagulation in platelet-
poor plasma (PPP).Useful information is obtained from 
PPP thrombin generation curve or thrombogram. The 
thrombogram curve starts with a lag phase during which 
only a minute amount of thrombin is formed which is a 
good representation of clotting time. The initial lag phase 
is followed by an explosive burst of thrombin at the peak 
of the curve (peak height), which represents maximum 
production of thrombin. The peak height is quickly 
captured by plasma anti-thrombin and equally makes the 
curve decay fast. It is a well-known fact that the amount 
of thrombin generated depends on the concentration 
of tissue factor, which cannot be measured as it is a 
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part of cell membranes. The AUC of the thrombogram 
represents the total amount of thrombin generated when 
tissue factor is added to the PPP. While the peak height 
represents the maximum amount of thrombin that is 
produced at a single thrombin burst [14,15]. In our study 
group, the TGP parameters showed significant changes 
from the baseline measurements throughout the study 
period and it peaked on POD15&30. However, the TGP-
lag time remained within the normal ranges throughout 
the study period which may infer that there was no 
acceleration of the clotting process, although there was 
an increased production. 

In our group, none of the patients developed postoperative 
bleeding or thrombotic complications despite the 
lack of pharmacological antithrombotic or antiplatelet 
medications use. In spite of the changes that occurred 
in the coagulation and anticoagulation markers, the 
possibility of an existing delicate balance between these 
opposing forces may kept the patients from developing 
thrombotic or bleeding complications. To validate the 
results of this pilot study, we recommend more studies 
on LLDs with larger sample sizes and longer follow up 
periods, use of control group and possibly multicenter 
trials to compare different methods of postoperative 
care of LLDs with or without the use of pharmacological 
antithrombotic medications.

Conclusion
The TEG and the conventional clotting tests were not 
sensitive or specific in predicting the in vivo changes 
in the coagulation mechanism in LLDs. The measuring 
of the in vivo markers of coagulation showed a clear 
tendency toward hypercoagulation. However, the 
possibility of a fine balance between different hemostatic 
functions in LLDs is maintained and finally, the possibility 
of other markers (that we did not checked) may help in 
maintaining this balance.
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