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Abstract

Pulmonary embolism (PE) is a rare but potentially fatal complication that may develop in a
living liver donor. Here, we report a case of non-massive PE diagnosed by elevated serum
D-dimer levels and successfully treated using anticoagulant therapy. A 57-year-old man un-
derwent extended left hepatectomy as a living liver donor. His past medical history included
hypertension and dyslipidemia which required medication and a history of smoking. Mechan-
ical prophylactic measures for venous thromboembolism, including intermittent pneumatic
compression and elastic stocking, were used; however, no pharmacological prophylaxis was
used. Although the patient ambulated on postoperative day (POD) 1, he developed hypoxia.
Serum D-dimer level was elevated to 29.3 ng/mL on POD 2. Enhanced computed tomography
revealed small peripheral PEs in the branches of the right upper, right middle, and left lower
lobes without deep vein thrombosis. Intravenous heparin was initiated followed by warfarin.
The thrombi resolved completely by POD 13, following which warfarin was continued for
3 months. As of 25 months after donation, the patient remains well without recurrence of PE.
Early diagnosis and treatment of postoperative PE are critical for preventing mortality of liver

donors. © 2019 The Author(s)
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Introduction

Liver transplantation has been extensively performed worldwide as the sole curative
treatment for end-stage liver diseases. Living donor liver transplantation (LDLT) is more ex-
tensively practiced in several Asian countries than in Western countries [1]. In LDLT, the do-
nor must be carefully selected and evaluated before donation. Donor safety is the highest pri-
ority and requires special attention because the donation surgery is performed on a healthy
individual. Although the risks for complications directly associated with surgical intervention
have been carefully evaluated for such donors, nonsurgical complications, such as occurrence
of pulmonary embolism (PE) associated with living donation, cannot be clearly anticipated.
Postoperative PE in general has been recognized as the significant source of morbidity and
mortality in recent years [2].

Here, we report a case of PE wherein the patient underwent extended left hepatectomy
as a LDLT donor.

Case Presentation

A 57-year-old man was evaluated for living liver donation for his wife with end-stage liver
disease due to primary biliary cholangitis. His medical history included hypertension and
dyslipidemia that was treated with azelnidipine 16 mg p.o. once daily and pravastatin 10 mg
once daily. No family history of thrombosis was noted. The patient had a past history of smok-
ing 20 cigarettes per day for 18 years but had discontinued 20 years ago. His height and weight
were 166 cm and 60 kg (BMI = 21.8), respectively, and his physical examination was un-
remarkable. In order to avoid homologous blood transfusion, a total of 800 mL of autolo-
gous blood was stored prior to liver donation. Following the autologous blood donation, his
blood test results were as follows: hemoglobin 12.1 g/dL, platelets 190 x 103/L, prothrombin
time (PT) >100%, international normalized ratio (INR) <1.0, fibrinogen 306 mg/dL, D-dimer
<0.2 ng/mL, and antithrombin III (AT III) 122%. The indocyanine green retention rate was
9%. He underwent extended left hepatectomy, including the middle hepatic vein and caudate
lobe, as well as cholecystectomy. The operation was uneventful and the operation time was
552 min. The intraoperative blood loss was 200 mL, and 400 mL of autologous red blood
cells was transfused. Consequently, the intraoperative fluid balance was positive, exceeding
2,680 mL. Intermittent pneumatic compression and elastic stocking were used during and af-
ter surgery, respectively. Pharmacological venous thromboembolism (VTE) prophylaxis was
not used. The patient ambulated on postoperative day (POD) 1, when he developed hypoxia
with an oxygen saturation level of approximately 90% on room air, requiring 1 L /min of oxy-
gen via a nasal cannula; his vital signs were stable. The serum D-dimer level was elevated to
21.2 ng/mL and further increased to 29.3 ng/mL on POD 2. Enhanced computed tomography
(CT) performed on POD 2 revealed small peripheral PEs in the branches of the right upper,
right middle, and left lower lobes without deep vein thrombosis (Fig. 1). The electrocardio-
gram result was normal, and echocardiography demonstrated normal cardiac function. He
was diagnosed with non-massive PE and continuous heparin infusion was initiated. The AT III
and protein C and S activity levels were within the normal range before initiating anticoagu-
lation. Subcutaneous hemorrhage was observed at the abdominal incision site following the
heparin administration. Consequently, the heparin dose was adjusted to maintain APTT at ap-
proximately 50 s. Follow-up enhanced CT performed on POD 7 revealed that the thrombi in
the branches of the right upper and right middle lobes had resolved, whereas those in the
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branches of the left lower lobe had increased in size (Fig. 2). The heparin dose was increased
to maintain an APTT of approximately 70 s. The thrombi showed complete resolution by CT
on POD 13; however, a new hematoma developed adjacent to the liver transection plane with-
out development of anemia (Fig. 3). Subsequently, warfarin was initiated to maintain the PT-
INR between 1.5 and 2.5, and intravenous heparin was discontinued once the PT-INR reached
therapeutic levels. CT performed on POD 21 showed no evidence of PE and no enlargement of
the intra-abdominal hematoma, and the patient was discharged on POD 22. Warfarin was con-
tinued for 3 months and then discontinued. At 25 months after donation, the patient remains
well without recurrence of PE.

Discussion

According to a worldwide survey, the incidence of mortality in liver donors following
LDLT was 0.18-0.2% [3, 4]. In Japan, as of 2013, a total of 7,255 LDLTs have been performed,
wherein one donor death related to liver donation has been reported [5]. PE is a well-known
and potentially fatal complication that may develop following LDLT. Several cases of PE fol-
lowing liver donation have been reported in the literature, wherein at least four of the patients
have died [6-11]. Therefore, appropriate risk screening and prophylaxis for VTE are crucial
for reducing the risk of fatal PE in donors.

At our institution, we have conventionally measured platelet count, PT, and APTT as well
as serum fibrinogen and D-dimer levels in donor candidates for thrombophilia screening.
However, these are insufficient in determining donor candidates who must be excluded or
require anticoagulants for prophylaxis. For the accurate evaluation of thrombophilia, the
measurements of additional parameters, such as proteins S and C, AT III, and antiphospholipid
antibodies, are necessary. The prevalence of hereditary deficiencies of natural anticoagulants,
such as AT III and proteins C and S, in healthy individuals is substantially low; however, in
healthy individuals with these deficiencies, the risk of VTE following surgery is considerably
higher than in normal healthy individuals. In addition, a previous history of VTE is one of the
most significant risk factors for postoperative VTE [12]. Therefore, we believe that these pa-
tients should be excluded from being donor candidates.

As prophylaxis for VTE for donors, we routinely use elastic stocking and intermittent
pneumatic compression in addition to early ambulation following surgery. Liver resection is
associated with a postoperative hypercoagulable state that can lead to the development of
VTE. However, because of the risk of posttransplant hemorrhage and the lack of evidence of
anticoagulant prophylaxis in liver surgery, prophylactic anticoagulant therapy following do-
nation is not routinely performed. Nevertheless, several studies have recently reported the
safety and efficacy of pharmacological thromboprophylaxis in liver surgery [13, 14]. A recent
study on the risk stratification approaches for VTE prophylaxis based on thrombophilia test
results in a large cohort of LDLT donors revealed its necessity and usefulness [15].

Early diagnosis and treatment of postoperative PE are essential for a successful outcome.
We routinely measure the serum D-dimer levels on PODs 1, 3, 5, and 7. In cases where the
serum D-dimer level is elevated to 220 ng/mL, regardless of the absence of clinical symptoms,
enhanced CT is performed primarily to rule out PE or other VTE. In the present case, the diag-
nosis of PE was immediately made using CT, which was performed for hypoxia associated with
elevated serum D-dimer level. Based on our experience, we advocate routine measurement of
serum D-dimer level following hepatectomy.
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Anticoagulant therapy was initiated on POD 2, although the heparin dose was reduced
because of subcutaneous bleeding. After the bleeding had subsided, the dose was increased
and PE was resolved. Management of anticoagulant therapy following hepatectomy is chal-
lenging because the patients typically develop transient liver dysfunction postoperatively,
with a coagulation factor imbalance that can cause postoperative bleeding.

In conclusion, we report a case of PE diagnosed by elevated serum D-dimer level, and the
patient was successfully treated with anticoagulant therapy. Although PE is a rare complica-
tion in LDLT donors, it can be potentially fatal. Clinicians should be aware of the possibilities
of this complication. Early diagnosis and treatment using serum D-dimer testing and CT are
critical for preventing mortality.
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Fig. 1. Enhanced CT revealed small peripheral pulmonary embolisms in the branches of the right upper
(a, arrow), right middle (b, arrow), and left lower (c, arrow) lobes without deep vein thrombosis.

Fig. 2. Follow-up enhanced computed tomography performed on postoperative day 7 revealed that the
thrombi in the branches of the right upper and right middle lobes had resolved, but those in the branches
of the left lower lobe had increased in size (arrows) (a axial, b frontal).
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Fig. 3. Computed tomography performed on postoperative day 13 revealed complete resolution of the
thrombi (a); however, a hematoma had developed next to the liver stump (b, arrow).
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