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Abstract

Background: Liver transplant recipients often remain transiently hypercoagulable following transplantation. This is due to
the inherent bleeding and clotting risks associated with the surgical procedure and to a disruption in coagulation homeostasis
associated with cirrhotic disease. There is no guidance on the application of pharmacological venous thromboembolism (VTE)
prophylaxis in this patient population. We sought to investigate the risk of bleeding and VTE in liver transplant recipients (n=38)
who received pharmacological prophylaxis (n=11) versus (vs.) those who did not (n=27) during hospitalization.

Results: The overall incidence of postoperative bleeding was 55.3%, and was lower in the group that received pharmacological
prophylaxis (18.2% vs. 70.4%; p=0.002). The overall rate of major bleeding was 8%, with all 3 cases occurring in the group that
did not receive pharmacological prophylaxis. We noted that patients who experienced bleeding in general had lower baseline
platelets (p=0.01). Our study found no difference in the incidence of postoperative thromboembolic events, with an overall rate of
2.6% (n=1 case in the group that did not receive pharmacological prophylaxis). Readmission within 30 days due to bleeding or
thromboembolic events also did not differ between the groups (0% vs. 4%; p=0.33 and 9% vs. 7%; p=0.97, respectively).

Conclusion: Our results suggest that the incidence of post liver-transplant thromboembolic events are low, and that exposure
to pharmacological thromboprophylaxis during admission of liver transplantation procedure is not associated with an increased

risk of post-operative bleeding.
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Introduction

End-stage liver disease characterized by cirrhosis often leads to a state
of hypercoagulability in patients. This is due to a severe homeostatic
disruption in balance between clotting factors and anticoagulation proteins
which are synthesized in the liver. Recipients of liver transplant are
generally at an increased risk for bleeding, with postoperative incidences
reported between 8.5%-19.9% [1-5]. There is literature documentation
of delayed recovery of anti-coagulant proteins including anti-thrombin
I1I deficiency, and proteins C and S levels [6]. Furthermore, reperfusion
changes and reversion of coagulopathy lead to a transient period of
post-operative hypercoagulability of unclear duration [6]. In addition,
transplant recipients generally receive immunosuppressive medications
peri-operatively and early post-transplant, which are associated with
thrombogenicity  (tacrolimus, cyclosporine, corticosteroids) and
myelosuppression (anti-thymocyte globulin, mycophenolate, azathioprine)
[7-11]. These physiologic and pharmacological factors have made it difficult
to ascertain risk of VTE versus (vs.) bleeding in these patients.

Several studies reported an incidence of VTE from 0.5% to 6.3% in cirrhotic
patients; with an overall deep vein thrombosis (DVT) incidence between
2.7% and 8.6% after liver transplantation [12-19]. As VTE is associated
with significant morbidity and mortality, it is important to consider
prophylaxis in these patients. However current guidelines do not provide
recommendations to guide the use of pharmacologic therapy in this setting,
and literature in this area is limited. Thus, the use of anticoagulation for
VTE prophylaxis remains controversial.

The purpose of this study was to examine the safety and efficacy of
pharmacological thromboprophylaxis in the setting of liver transplantation
given the inherent risks of bleeding and thrombosis.

Method

The study was conducted as an observational, retrospective multicentric
analysis. We included a sample of adult patients (> 18 years old) who
were admitted to Mayo Clinic Rochester, Mayo Clinic Arizona, or Mayo
Clinic Florida between March 1, 2018-August 1, 2020 and underwent
liver transplantation during their admission. Patients were categorized
as either having received pharmacologic prophylaxis (subcutaneous (SQ)
unfractionated heparin (UFH) or SQ low molecular weight (LMWH)) or
no pharmacological prophylaxis during their hospitalization. Initiation of
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pharmacological prophylaxis (with or without mechanical prophylaxis)
was at the discretion of providers. The timing of administration was noted
with respect to transplantation. Data was collected for every patient who
met inclusion criteria in the treatment group and for a number of patients
in the control group, as the majority of patients transplanted across
the three centers often did not receive pharmacologic prophylaxis. We
excluded patients who received a liver transplant for acute liver failure and
patients with confounding factors including maintenance anticoagulation
prior to admission, admission for suspected bleeding or venous
thromboembolism, a history of portal vein thrombosis, and a diagnosis of
congenital or acquired thrombophilia (factor V Leiden, antiphospholipid
syndrome, prothrombin G20210A, protein C or S deficiency, prothrombin
mutation, or anti-thrombin deficiency) or hemophilia. A 30-day follow-
up period after hospital discharge was used to screen for incidence of
bleeding and thromboembolic events.

Baseline characteristics were collected to assess possible risk factors
associated with the study's outcome measures. We obtained demographic,
clinical, and laboratory data by manual electronic health record extraction.
Among the baseline data collected, we included conventional hematologic
testing consisting of hemoglobin, platelet count, and international
normalized ratio (INR). We also collected thrombo-elastography (TEG)
results performed preoperatively prior to transplant at our institution.
Studies have shown that the use of conventional coagulation tests is
associated with limitations in patients with chronic liver disease due to
the imbalance of coagulation state. This is due to their nature as in-vitro
tests, which limits their ability to capture the full range of the in-vivo
coagulation system dysfunction [20]. The mechanism of TEG relies on
viscoelastic properties of whole blood to measure coagulation initiation,
clot formation, clot strength, and fibrinolysis. Evidence suggests that
there is a strong and consistent correlation between TEG measures of clot
formation and clot strength and fibrinogen levels [21,22]. Collecting this
information may therefore provide a more accurate view of the state of
coagulation in our patient population.

The main outcome of this study was the incidence of postoperative bleeding
during hospitalization following transplantation. Secondary outcomes
included incidence of postoperative inpatient thromboembolic events,
readmission within 30 days due to a bleeding event, and readmission
within 30 days due to a thromboembolic event. Bleeding events were
classified as major or minor. Major bleeding was defined as bleeding or
hematoma requiring return to the operating room, fatal bleeding, or
bleeding into a major organ or critical area (intracranial, retroperitoneal,
pericardial, intra-spinal, intra-articular, intraocular). Minor bleeding
included all other bleeding events including postoperative hematoma, or
acute anemia secondary to post-hemorrhagic blood loss. At all three sites
the most common liver transplant operation is orthotopic liver transplant
with piggyback technique. The operating team usually includes a primary
liver transplant surgeon, with first assist who can be either a fellow or an
advance practice provider (nurse practitioner or physician assistant), in
addition to the usual operating room nursing and ancillary staff. Patients
are managed intra-operatively by a liver transplant anesthesiologist with
either an anesthesia resident and/or a certified registered nurse anesthetist.
Post-operative management is done by the transplant critical care team
and liver transplant hepatology. Occurrence of thromboembolic events
were confirmed by radiographic data using chart review.

Statistical analysis

Data were analyzed with the BlueSky Statistics (version 7.40) software.
Parametric data were expressed as means with standard deviation. Non-
parametric data were presented as the median with the interquartile
ranges between quartiles 1 and 3. Baseline characteristics and outcome

results were compared between the 2 groups and assessed using the X2 test
of dependence for categorical data, the independent t-test for continuous
parametric data, and the Mann Whitney U test for non-parametric data.
We also conducted an analysis comparing the characteristics of the cohort
that experienced the primary outcome versus those who did not, using the
same methods depending on the type of data. All significance tests were
two-tailed with a p<0.05 for significance.

Results
Cohort characteristics

We assessed 63 patients with cirrhosis of varying etiology who underwent
liver transplantation at the Mayo Clinic Rochester, Mayo Clinic Arizona,
or Mayo Clinic Florida within the pre-defined time period. Exclusion
criteria were met for 25 patients (Figure 1). The remaining patients (n=38)
were allocated into the two comparison groups. Eleven patients received
pharmacological prophylaxis at the discretion of their providers (SQ UFH
n=3; SQ LMWH n=8) (Table 1). Since the initiation of prophylaxis was
not protocolized, there was variability in timing of initiation of therapy
as it related to transplantation. Three patients received therapy prior to
transplantation and 8 patients received therapy following transplantation
(Table 1). It was noted that the patients in this group were all transplanted
at the Mayo Clinic Rochester campus (n=11). Patients who were in the
group that did not receive pharmacological prophylaxis (n=27) were
transplanted across all three Mayo Clinic campuses (Rochester n=7,
Arizona n=9, Florida n=11). Most patients also received mechanical
thrombo-prophylaxis (82% in the group that received pharmacological
prophylaxis, 100% in the control group (p=0.17).

Table 1: Pharmacological prophylaxis agents received during admission

. Pre- Post-
Thromboprophylaxis Agents transplant transplant
Unfractionated Heparin (UFH) n=2 n=1
Low Molecular Weight Heparin =1 =7
(LMWH) - =
Patients
Screened
n=63
Excluded Included
n=25 n=38

Received Did not receive
pharmacological| | [pharmacological
prophylaxis prophylaxis
n=11 n=27

Liver-Kidney transplant recipientsn = 7
Admission for VIEn = 1
Maintenance anticoagulation prior to admission n = 6
Historyof PVTn=4
lAdmission for VTE and maintenance anticoagulation prior to admission n = 1
History of PVT with e ar on n=4
Bleeding on arrival on maintenance anticoagulation on admission n = 1
VTE on arrival and history of PVTn =1

] VTE: venousthromboembolism PVT: portal vein thrombosis

Figure 1: Flow diagram of multi-centric assessment of efficacy and safety
outcomes with pharmacological thromboprophylaxis in the setting of liver
transplant

Patient median age was 59.5 (IQR: 43-64.8) years old without gender
predominance. Individuals tended to be overweight or obese, with an
overall median body mass index of 27 (IQR: 25-30) kg/m2. The most
common indication for liver transplant was cirrhosis secondary to
hepatocellular carcinoma or cholangiocarcinoma (39.5%). All patients
whose indication for transplant was cirrhotic Nonalcoholic Steatohepatitis
(NASH) did not receive pharmacological prophylaxis (p=0.26). None of
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the predisposing medical factors assessed were different between the
groups including history of major bleeding, history of thromboembolic
events, history of cancer, or aspirin or steroid therapy during admission.
Admission liver function did not differ between the groups as quantified
by the Model for End Stage Liver Disease-sodium score (MELD-Na
median 31 (IQR: 13-21) vs. 22 (IQR: 15-31); p=0.31). However, the group
that received pharmacological prophylaxis had a lower Child-pugh score
that was not statistically significant (median 7 (IQR: 6.0-9.5) vs. 10 (IQR:
8.0-11.5); p=0.06). Baseline Aspartate Aminotransferase (AST), Alanine
Transaminase (ALT), and total bilirubin did not differ between the groups.
There was no difference in baseline laboratory markers for clotting and
bleeding including hemoglobin, platelets, INR, or perioperative TEG.

We also assessed baseline risk for VTE with the Padua Prediction

Table 2: Baseline characteristics

Score, which was calculated from patient risk factors [22]. A score > 4
points indicates high VTE risk with a recommendation for initiation
of pharmacologic prophylaxis (i.e. UFH, LMWH) in patients without
contraindications (platelets<100 x 10° L-1, major bleeding, creatinine
clearance of <30 mL/min), or initiation of mechanical prophylaxis if a
patient is at higher bleeding risk. A score <4 points indicates low VTE
risk with consideration of thrombo-prophylaxis on a case-by-case basis
[23]. Patients who received pharmacological prophylaxis all had scores
<4 (100%) as compared to patients in the control group that had more
variation (81.5% of patients had a score <4 vs. 18.5% > 4). There was a
statistically significant difference when comparing the 2 groups for both
score ranges (scores > 4: p=0.02; scores <4: p=0.02). Complete statistical
data from baseline characteristics are summarized in Table 2.

- Overall Cohort Did not recerve Received pharmacological
Characteristic (n=38) pharmac?loglcal prophylaxis (n=11) P-value
prophylaxis (n=27)
Gender-male, % (n) 53.6% (20) 55.6% (15) 45.5% (5) 0.59
Age at transplant in years (Median (IQR 1-3)) 59.5 (43-64.8) 61 (43.5-65) 51 (40-61) 0.23
Body Mass Ratio (BMI) in kg/m2 (Median (IQR 1-3)) 27 (25-30) 27 (24.5-29) 30 (26-33) 0.32
Transplantation Center, % (n)
Mayo Clinic Rochester 47% (18) 25.9% (7) 100% (11) <0.05
Mayo Clinic Arizona 23.7% (9) 33.3% (9) 0% (0) 0.013
Mayo Clinic Florida 29% (11) 40.7% (11) 0% (0) 0.003
Type of organ donor, % (n)
Donation after Cardiac Death (DCD) 21% (8) 29.6% (8) 0% (0) 0.003
Donation after Brain Death (DBD) 71% (27) 70.3% (19) 72.7% (8) 0.89
Living Related Donor (LRD) 2.6% (1) 0% (0) 9.1% (1) 0.34
Living Unrelated Donor (LUD) 5.3% (2) 0% (0) 18.2% (2) 0.17
Indication for transplant, % (n)
Alcoholic Cirrhosis 13.2% (5) 11.1% (3) 18.2% (2) 0.61
Autoimmune Cirrhosis 5.3% (2) 3.7% (1) 9.1% (1) 0.59
Cirrhosis secondary to hepato.cellular carcinoma/or 39.5% (15) 33.3% (9) 54.5% (6) 0.26
cholangiocarcinoma
NASH Cirrhosis 15.8% (6) 22.2% (6) 0% (0) 0.01
Ischemic Cholangiopathy 2.6% (1) 3.7% (1) 0% (0) 0.33
Cryptogenic Cirrhosis 7.9% (3) 11.1% (3) 0% (0) 0.08
Primary Biliary Cirrhosis 2.6% (1) 0% (0) 9% (1) 0.34
Primary Sclerosing Cholangitis 13.2% (5) 14.8% (4) 9% (1) 0.62
Transplant listing on admission

Not Listed 7.9% (3) 7.4% (2) 9.1% (1) 0.87
Listed 89.5% (34) 92.6% (25) 81.2% (9) 0.43
Status 7 (Temporarily Inactive) 2.6% (1) 0% (0) 9.1% (1) 0.34
Mechanical thromboprophylaxis during admission 94.7% (36) 100% (27) 81.2% (9) 0.17
ICU stay prior to transplant, % (n) 23.7% (9) 22.2% (6) 27.3% (3) 0.76

Length of stay in days in the ICU prior to transplant
8 Y (Meydian (IOR 1_31’)) P 1(0.5-1) 1(0.6-1) 1(0.75-3.5) 0.91
ICU stay post-transplant, % (n) 94.7% (36) 92.6% (25) 100% (11) 0.16
Overall Length of stay in days (Median (IQR 1-3)) 8 (6-10) 7 (6-9.5) 10 (8-23) 0.07
MELD-Na Score on admission (Median (IQR 1-3)) 21.5(15-31.5) 22 (15-31) 31 (13-21) 0.31
Child-Pugh Score on admission (Median (IQR 1-3)) 9(7-10.8) 10 (8-11.5) 7 (6-9.5) 0.06
Presence of ascites prior to transplantation, % (n) 76.3% (29) 81.5% (22) 63.6% (7) 0.25
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Liver Function Panel on admission (Median (IQR 1-3))
Aspartate aminotransferase (AST) IU/L 98 (48.3-222.8) 82 (42.5-123.5) 246 (128.5-442.5) 0.23
Alanine transaminase (ALT) IU/L 82 (41.8-191.5) 62 (36.5-123.5) 194 (82.5-438.5) 0.18
Total bilirubin (T-Bili) pmol/L 3.3 (2.1-13.8) 3.5(2.25-7.15) 3(1.45-24.2) 0.48
Padua Score prior to transplant, % (n)
High (> 4 points) 13.2% (5) 18.5% (5) 0% (0) 0.02
Low (< 4 points) 86.8% (33) 81.5% (22) 100% (11) 0.02
MELD-Na: Model for end-stage liver disease-sodium, IQR: Interquartile range
Predisposing past medical history, % (n)
History of bleeding 34.2% (13) 37% (10) 27% (3) 0.57
History of malignancy 44.7% (17) 41% (11) 54.5% (6) 0.46
History of thrombosis 5.3% (2) 4% (1) 9% (1) 0.59
Predisposing hospital risk Factors, % (n)
Aspirin use during admission 47.4% (16) 44% (12) 36% (4) 0.66
Steroid use during admission 10.5% (4) 7% (2) 18% (2) 0.43
Duration of mechanical ventilation, % (n)
<1day 78.9% (30) 74% (20) 91% (10) 0.19
1 day 18.4% (7) 22% (6) 9% (1) 0.29
> 1 day 2.6% (1) 4% (1) 0% (0) 0.34
Hematology/Coagulation Labs on Admission (Median (IQR 1-3)
Hemoglobin (Hgb) g/dL 1.7 (1.3-2.4) 9.8 (8.7-11.95) 10.4 (9.1-11.75) 0.99
Platelet (PLT) x 10° L-1 9.9 (9.0-12) 84 (50-139) 85 (71.5-189.5) 0.21
International Normalized Ratio (INR) 1.7 (1.3-2.4) 1.7 (1.4-2.4) 1.7 (1.3-2.1) 0.68
Perioperative Thromboelastography (TEG) (Median (IQR 1-3))
R Time 6.5 (5.7-7.7) 6.6 (5.4-8) 6 (5.8-7.5) 0.81
K Time 2.1(1.7-3) 22 (1.7-3.1) 2(1.7-2.2) 0.27
Alpha angle 62.1 (53.8-66.4) 62.4 (52.1-66.8) 62.1 (60.3-65.7) 0.88
Max amplitude 56.6 (48.6-61.3) 55.4 (48-61.2) 59.3 (51.8-61.7) 0.28
LYS30 0.15 (0-0.8) 0 (0-0.78) 0.45 (0.33-0.75) 0.29
NASH: Non-alcoholic Steatohepatitis; MELD: Model for End-Stage Liver Disease; ICU: Intensive Care Unit; R Time: Reaction Time, time of start
from test to clot formation; K Time: Kinetics of Clot, time taken to achieve certain level of clot strength; Alpha angle: Speed at which fibrin build-up
and cross-linking occurs; Max amplitude: Measure of the ultimate strength of the fibrin clot; LYS30: Percentage decrease in amplitude at 30 minutes
after maximum amplitude

Clinical outcomes

The incidence of postoperative bleeding was lower in the group that
received pharmacological prophylaxis (18.2% vs. 70.4%; p=0.002). All
cases of major bleeding (n=3) occurred in the control group (0% vs.
11.1%; p=0.08) (Figure 2). It details the types of bleeding events noted in
each group. Both cases of postoperative bleeding noted in the group that
received pharmacological prophylaxis occurred in patients who received
postoperative LMWH from the day of transplant until discharge. Both
were not on concomitant aspirin therapy. Data collected on blood products
administered on postoperative day 0 showed that patients who received
pharmacological prophylaxis required a lower volume of blood products,
at a median of 7 units (IQR: 4-14) vs. 18 units (IQR: 3-39); p=0.01).
Median time to postoperative bleeding event was 1 day (IQR: 0.5-2.5). A
subset analysis was conducted and revealed that patients who experienced
an event had lower baseline platelets (median 79 x 10° L-1 (IQR: 45-
96) vs. 152 x 10° L-1 (IQR: 78-182); p=0.01); and a trend towards lower
maximum amplitude values on perioperative TEG analysis (median 52.4
(IQR: 47.4-59.8) vs. 60.3 (IQR: 51.5-61.2)), but this did not meet statistical
significance (p=0.08). There was one postoperative thromboembolic event
during post-transplant hospitalization (overall rate 2.6%). One patient in
the control group with a high baseline Padua Score had an intraoperative
thrombosis. Of note, this patient was also noted to have significant post-

hemorrhagic acute blood loss. No other thromboembolic events were
noted in our study population, correlating to no difference between the

groups (3.7% vs. 0%; p=0.34).

Incidence of Post-operative Bleeding During Admission

80%

10/
20% Major Bleed,
60% 11.1%

50%

40%
30% Minor Bleed,
59.3%
20%

10%

0%

Did not receive pharmacological

prophylaxis
n=27

Primary: All Bleed: p = 0.002

Subset: Major Bleed: p = 0.08

Minor Bleed,
18.2%

Received pharmacological

prophylaxis
n=11

Figure 2: Results for the primary outcome

There was no difference in readmission rate within 30 days due to bleeding

J Gastrointest Dig Syst, an open access journal
ISSN: 2161-069X



Citation: Pierre N, Liu V, Soto-Arenall M, Niven A, Ceba RC, et al. (2024) Multicentric Assessment of Efficacy and Safety Outcomes with Pharmacological Thromboprophylaxis

in the Setting of Liver Transplant. J Gastrointest Dig Syst.14:784

Page 5 of 7

events (9.1% vs. 3.7%; p=0.59), with 1 readmission due to perihepatic
hematoma in the group that received pharmacological prophylaxis (UFH
during admission prior to transplant) and 1 readmission due to recurrent
incision site bleeding in the group that did not receive prophylaxis. The
latter case involved a patient who also had significant postoperative
hemorrhagic bleeding during admission. Rate of readmission within 30

Table 3: Results from secondary outcomes

days due to thromboembolic events was the same between the groups
(9.1% vs. 7.4%; p=0.97), with 1 readmission due to hepatic artery
thrombosis (HAT) in the group that received pharmacological prophylaxis
(UFH, followed by LMWH during admission prior to transplant), and
two readmissions in the group that did not receive pharmacological
prophylaxis due to pulmonary embolism (PE) and HAT (Table 3).

Resultsa Did not receive Received
Overall Cohort . .
Outcome Measures (n=38) pharmacological pharmacological P-Value
- prophylaxis (n=27) prophylaxis (n=11)
. . . . e
Incidence of postoperative tl(l;(;mbosm during admission, % 2.6% (1) 3.7% (1) 0% (0) 0.34
Readmission within 30 days due to bleeding event, % (n) 5.3% (2) 3.7% (1) 9.1% (1) 0.59
Readmission within 30 days due to hrombotic event, % (n) 7.9% (3) 7.4% (2) 9.1% (1) 0.97

Discussion

To our knowledge there are no large prospective, randomized controlled
trials that assess safety of VTE pharmacologic prophylaxis in cirrhotic
patients undergoing liver transplantation. Retrospective studies have
been performed to evaluate the risks and benefits of implementing VTE
prophylaxis in cirrhotic patients. Smith et al. investigated the use of
prophylactic agents on the incidence of VTE and bleeding risks in patients
with chronic liver disease (CLD). The study included 410 patients with 225
(55%) receiving thromboprophylaxis during a hospital admission for or
with a diagnosis of CLD. Of these patients, 154 (38%) received mechanical
prophylaxis, 49 (12%) received pharmacological prophylaxis, and 22 (5%)
were on a combination of both strategies. Pharmacological interventions
included UFH, LMWH, and fondaparinux. Overall incidence of VTE in
this study was 0.7% and bleeding rate of 3.7%. Of the 15 patients who
experienced a bleeding event, 9 (60%) were on mechanical prophylaxis,
1 (7%) on pharmacologic, 3 (20%) on combination, and 2 (13%) were on
no prophylaxis therapy. The investigators found an association between
bleeding and CLD secondary to alcohol and INR>2.0 [24]. Similarly,
Yerke, et al. assessed 1106 patients with liver disease who either received
or did not receive pharmacological VTE prophylaxis (UFH, LMWH,
fondaparinux). The control group was more likely to experience the
composite endpoint of VTE or major bleeding as compared to the group
that received prophylaxis (8.7% vs. 5.1%; p=0.002). This was however
driven by higher rates of major bleeding (6.9% vs. 2.9%, p<0.001) rather
than similar rates of VTE (1.9% vs. 2.2%, p=0.62).

The results of our observational retrospective analysis reflect similar
findings in the liver transplant population. Our data show that the use
of pharmacological thromboprophylaxis was not associated with an
increase in the risk of bleeding in liver transplant recipients in the setting
of hospital admission during which transplantation occurred. In our study
we observed a higher incidence of overall bleeding associated with the
group that did not receive pharmacological prophylaxis (p=0.002), and
a trend towards higher incidence of major bleeding in these patients
(p=0.06). Although baseline liver function and coagulation markers did
not differ between the 2 groups, subset analysis demonstrated that patients
who had a bleeding event while admitted had lower platelets (p=0.01).
These patients also had a trend towards lower maximum amplitudes of
the preoperative TEG (p=0.08). Although it did not meet statistical
significance, it does suggest reduced platelet function. Since the initiation
of pharmacological prophylaxis was not protocolized, it could be inferred
that patients were generally not started on prophylaxis therapy if there
was a perceived increased risk for bleeding at baseline. Although the 2
patients who experienced bleeding on pharmacologic prophylaxis were on

similar regimen (LMWH following transplant until discharge), it would
be prudent not to draw specific conclusions with regards to the use of
LMWH due to the small sample size and the variety of pharmacologic
prophylaxis regimens noted in the cohort. The safety of LMWH use in this
setting clearly warrants further investigation.

We observed an overall 2.6% incidence of postoperative thromboembolic
events during admission (n=1), with no statistical difference between
the 2 groups. Our data reflect findings from previous studies in liver
disease patients. We also assessed for risk of thrombosis at baseline
using the Padua Prediction Score. Our results show that patients who
received pharmacological prophylaxis had low scores and vice versa. This
observation may indicate that in practice, the different factors of the score
alone may not hold sufficient weight to influence the clinical decision to
initiate pharmacological prophylaxis. Given that the primary etiology of
concern in these patients is coagulopathy, physicians are likely also using
baseline coagulation labs to increase their decision-making power. This
hypothesis is also supported by our observation of lower baseline platelets
in patients who ultimately experienced bleeding in our study population.
The single case of thrombosis in our study occurred in a patient who
had a high baseline Padua score and did not receive pharmacological
thromboprophylaxis. However, this patient also experienced postoperative
bleeding, which illustrates the coagulability imbalance following liver
transplant reported in literature. This suggests that better tools are needed
to help predict the risk of thrombosis as well as bleeding in this patient
population.

Literature reports the most common factors associated with VTE in the
general population as hospitalization (52%), cancer (48%), and surgery
(42%) [25,26]. Additional reported risk factors for patients who have
undergone liver transplantation include previous history of VTE, end-
stage renal disease, discharge to rehabilitation centers, receiving factor
VII during surgery, hepatitis C due to increased level of antiphospholipid
antibodies, postoperative pneumonia, and diabetes [27,28]. Yip, et
al. sought to determine risk factors that influence the VTE incidence
and the effectiveness of prophylaxis in patients who underwent initial
liver transplant during 12-year span (n=999). A retrospective historical
comparison analysis was conducted with patients who did not receive
pharmacological prophylaxis and patients who received a standardized
prophylactic regimen using SQ UFH following initiation of an institutional
protocol. Baseline white blood cell count, platelet count, INR, age, or
MELD were the same between both groups. Patients who received UFH
(n=288) had lower rates of VTE as compared to those who did not (1.0%
vs. 3.5%; p=0.03). A multivariate analysis confirmed that peripherally
inserted central catheter (PICC) placement was associated with 6.3 times
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higher likelihood of developing post-transplant VTE within the 30-day
and SQ UFH was associated with 5 times lower odds for developing VTE
[29]. We were unable to statistically assess the influence of independent
patient risk factors on the incidence of postoperative bleeding and
of thromboembolic events due to the nature of our data set. We were
however able to identify an association between lower baseline platelets
and increased risk of bleeding in liver transplant recipients.

Limitations

The results of this study should be interpreted within the context of the
presence of limitations. First, this study was an observational retrospective
review, with unbalanced comparison arms and a small sample size. The
study did not account for additional procedural manipulations during
transplantation such as Roux-en-Y. It is also important to consider
potential bias of treatment practice differences between the 2 groups since
patients who received pharmacological prophylaxis were all transplanted
at one center, Mayo Clinic Rochester. The Padua is commonly used in
medical patients but has not been specifically validated in critically ill
patients. Lastly, the variability of the pharmacological prophylaxis regimen
received in the study group, in combination with the small sample size,
limits interpretation and stratification of the observed outcomes as it
pertains to specific agents.

Conclusion

Pharmacological thromboprophylaxis in cirrhotic patients pending liver
transplantation did not decrease the risk of postoperative thrombosis, nor
did it increase the risk of postoperative bleeding in this patient population.
Given the low rate of thrombosis, future studies should focus on assessing
which patient factors are associated with incidence of thrombosis in order
to better stratify the decision of which patients would benefit most from
receiving pharmacological prophylaxis. Furthermore, data is needed
to help determine which agent is associated with lowest incidence of
postoperative bleeding while providing effective VTE protection.
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