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Abstract

Background: FactorV (FV) deficiency is an extremely rare disease, with an incidence of 1in 1 million. The bleeding
symptoms are mild, and the prognosis is good; however, the safety of surgical treatment is unclear, because there are
few available reports. Herein, we report a case of hepatocellular carcinoma with congenital FV deficiency in a patient
who safely underwent laparoscopic hepatectomy.

Case presentation: A 79-year-old man, diagnosed with hepatocellular carcinoma of liver segment 5, with type C
cirrhosis and sustained virological response visited our hospital. He had congenital FV deficiency, and blood tests
showed coagulation deficiencies with an FV activity of < 2.6%, prothrombin time activity of 11%, and activated partial
thromboplastin time of 100.3 s. Surgery and radiofrequency ablation were considered for treatment. Since the tumor
was in contact with the Glissonean pedicle 5+ 6, surgery was judged to be superior from the viewpoint of safety and
curability. After discussing the safety of the surgery with a hematologist, it was determined that the operation could
be performed safely by transfusing sufficient fresh frozen plasma (FFP). Laparoscopic hepatic segment 54 6 subseg-
mental resection was performed with FFP transfusion, fluid restriction, airway pressure control, and central venous
pressure reduction to control the bleeding. Bleeding was minimized during the transection of the liver parenchyma
and no bleeding tendency was observed. The operative time was 445 min, and the amount of intraoperative bleeding
was 171 mL. No complications, such as postoperative bleeding, were observed, and the patient was discharged on
the eighth postoperative day.

Conclusions: Liver surgery can be performed safely in FV-deficient patients with strict coagulation capacity monitor-
ing and appropriate transfusion of FFP. Preoperative evaluation of cardiac function to determine tolerance to high
doses of FFP and ingenuity of surgery and intraoperative management to minimize blood loss are important.
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bleeding. The bleeding symptoms are mild, and the
prognosis is good; however, the safety of surgical treat-
ment is unclear, because there are few available reports.
To the best of our knowledge, there have been no reports
of hepatectomy in patients with FV deficiencies. Herein,
we report a case of hepatocellular carcinoma (HCC) with
congenital FV deficiency in a patient who underwent lap-
aroscopic hepatectomy safely.

Case presentation

A 79-year-old man with a sustained virological response
due to liver cirrhosis secondary to hepatitis C virus
infection was diagnosed with a liver tumor on regular
abdominal ultrasonography. The tumor, suspected to be
HCC, was found in liver segment 5 on enhanced com-
puted tomography (CT), and the patient was referred to
our department for detailed examination and treatment.
The patient was diagnosed with congenital FV deficiency
approximately 20 years ago, and was hospitalized twice
for epistaxis. As indicated in Table 1, blood tests showed
markedly decreased FV activity of<2.6%, PT activity of
11%, and prolonged APTT by 100.3 s, which are indica-
tive of coagulopathy. Other coagulation factor activities,
were within the normal range. The patient’s FV activity
had been tested several times over the past 20 years and
consistently resulted in markedly decreased FV activity.
No FV inhibitors were detected using the Bethesda assay
at our hospital [2, 3]. Cross-mixing tests revealed a pat-
tern of coagulation factor deficiency. Although he had not
undergone genetic testing, based on the blood test results
and the reproducibility and ubiquity of these blood tests,
he was diagnosed with congenital FV deficiency. The
liver function reserve was Child—Pugh grade B (7 points).
Liver damage was grade A, and the hepatic reserve was
judged to be good [4]. As no esophageal varices, gastric
varices, or splenomegaly were observed, severe portal
hypertension was ruled out. We consulted a cardiolo-
gist regarding the patient’s cardiac function. The patient’s
exercise tolerance was good, and no abnormalities were
observed in active cardiac conditions and the revised
cardiac risk index [5, 6]. Based on the above findings, the
patient’s cardiac function was considered acceptable for
surgery, although caution was advised against excessive
fluid infusion. Pulmonary function was good. Computed
tomography (CT) showed a 24 mm-sized nodule in liver
segment 5, which was deeply stained in the arterial phase
and washed out in the delayed phase (Fig. 1). Magnetic
resonance imaging also showed a contrast effect in the
segment 5 tumor in the early phase and wash-out in the
delayed phase. A well-differentiated HCC was suspected.
Based on the radiological findings, the patient was diag-
nosed with HCC (T2NOMO stage II, according to the 8th
edition of the Union for International Cancer Control
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Table1 Preoperative blood test results

Inspection items Results Reference range
WBC (10%/ul) 69 40-96
Hb (g/dl) 14.9 13.2-17.3
Platelet count (10°/pl) 179 160-350
T-bil (mg/dL) 04 03-12
D-Bil (mg/dL) 0.04 0.0-0.2
AST (U/L) 30 13-33
ALT (U/L) 34 8-42

Alb (g/dl) 44 39-50
BNP (pg/mL) 56 0-184
ICG-R15 (%) 10.9

PT activity (%) 11 0.85-1.23
PT-INR 4.28

APTT (second) 100.3 27.0-39.0
Factor | (%) 829 70-120
FactorV (%) 26 70-120
Factor VIl (%) 98.3 70-120
Factor VIII (%) 183.7 70-120
Factor IX (%) 108.3 70-120
Factor X (%) 85 70-120
Factor XI (%) 101.2 70-120
Factor XlI (%) 86.3 70-120
Von Willebrand factor (%) 183 70-120
Factor V inhibitor )

Factor VlII-like antigen (%) 269 70-120

PT prothrombin time, APTT activated partial thromboplastin time

staging system). Based on the Barcelona Clinic Liver
Cancer (BCLC) staging algorithm, this case was regarded
as early stage (A). It was confirmed that surgery was rec-
ommended as the tumor was an isolated nodule, and
portal pressure and bilirubin were normal. We also con-
sidered radiofrequency ablation (RFA); however, since
the tumor was in contact with the Glissonean pedicle
546 and RFA may cause bile duct injury due to a rapid
increase in intratumoral pressure during cauterization,
surgery was judged to be superior from the viewpoint
of safety and curability. However, invasive treatment
involved a high risk due to the coexistence of congenital
FV deficiency. After discussing the safety of the operation
with a hematologist, we decided that surgery was possi-
ble by transfusing fresh frozen plasma (FFP) during the
perioperative period, maintaining FV activity at>15%
and closely monitoring PT and APTT. Two days before
the operation, 480 mL (approximately 7.4 mL/kg) of FFP
was transfused, coagulation FV activity was>15% was
confirmed, and PT and APTT were reduced. As our hos-
pital can only measure FV activity once per week, we
estimated the necessary FFP based on the above results
and created an FFP transfusion plan. The FV activity
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Fig. 1 Dynamic abdominal CT imaging findings. a Arterial phase, b portal vein phase, ¢ delayed phase. A nodule measuring 24 mm was found in
hepatic segment 5, which was deeply stained in the arterial phase and washed out during the delayed phase

immediately before the operation was 14.5%, and the
operation was performed with a transfusion of 480 mL
of FFP. The changes in perioperative coagulation data are
presented in Table 2. The surgical procedure and results
of this case were as follows: the patient was placed in
the left lateral decubitus position, and six ports, includ-
ing a Pringle method taping port, were used. The pneu-
moperitoneum pressure was maintained at 10 mmHg.
An ultrasonic scalpel and Cavitron Ultrasonic Surgical
Aspirator (CUSA; AMCO Inc., Tokyo, Japan) were used
for the incision of the liver parenchyma. The tip of the
CUSA was connected to a VIO 300 D generator (ERBE
Elektromedizin GmbH, Tubingen, Germany), and hemo-
stasis was performed in soft coagulation mode using
bipolar forceps held in the operator’s left hand. Intermit-
tent pedicle clamps (15-minocclusion, 5-min reperfusion,
Pringle method) were used during parenchymal cutting.
Hemodynamic control aimed at maintaining low cen-
tral venous pressure (<5 mmHg) under anesthesia and
weight loss perfusion minimizes blood loss Airway pres-
sure was maintained at 14-16 cmH,O, reducing central

Table 2 Perioperative blood coagulation data transition

venous pressure and volumetric perfusion. We adjusted
the volume of transfusion during liver parenchymal cut-
ting to approximately 5 mL/kg/h and aimed to achieve
a urine volume of 0.5 mL/kg/h. Preoperative three-
dimensional simulation was conducted using a SYNAPSE
VINCENT volume analyzer (Fyjiflim Co., Tokyo, Japan)
(Fig. 2a). To resect the Glissonean pedicle 5+ 6, we first
secured it by clamping (Fig. 2b). Segments 5 and 6 of the
liver were identified by negative staining using indocya-
nine green fluorescent imaging navigation, and hepatec-
tomy was performed Bleeding was minimized during
the transection of the liver parenchyma and no bleed-
ing tendency was observed (Fig. 2c). After hepatectomy,
no bleeding was observed on the cut surface of the liver
(Fig. 2d). Tachosil® was applied around the hepatic vein
and Gleason stump, and Bolheal® was dripped onto the
cut surface of the liver. Surgical procedures included lap-
aroscopic hepatic segment 5+ 6 subsegmental resection
and cholecystectomy. The operative time was 445 min,
and the amount of intraoperative bleeding was 171 mL.
The cumulative time of the Pringle method was 208 min

POD-2 POD -2 POD-1 PODO PODO pOoD1 POD2 POD3 POD5 POD7

(Before (After FFP) (Preoperative)  (Postoperative)

FFP)
PT activity (%) 11 55 43 44 49 39 34 36 22 24
PT-INR 402 131 148 146 1.39 157 1.64 231 231 2.08
APTT (s) 955 369 378 38 359 40.2 464 45.2 60.8 56.4
Factor V activity (%) <26 194 12.7 14.5 17.7 11.8 74 - <26 -

POD postoperative day, FFP fresh frozen plasma, FV factor V, PT prothrombin time, APTT activated partial thromboplastin time
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Fig. 2 Intraoperative findings. a Three-dimensional image of hepatectomy simulation. The tumor was found in the hepatic segment 5 of the cranial
side of the right hepatic vein (arrowhead). We performed a simulation in which P5+ 6 (arrow) was scheduled to be resected. b Captured image
after clamping the Glissonean pedicle 546 (arrow). ¢ Cut surface of the liver during transection of the liver parenchyma. d Cut surface of the liver
after hepatectomy. The Glissonean pedicle 546 (arrow) is collectively resected using the Signia”™ stapling system (Covidien Japan, Tokyo)

and 51 s. Immediately after the operation, FV activity
was 17.7%, and no bleeding from the wound or drain was
observed. FFP (240 mL) was transfused on postoperative
days 1 and 2. FV activity decreased to<2.6% on the fifth
postoperative day; therefore, another 240 mL of FFP was
transfused and the drain was removed. The postoperative
course was uneventful, and the patient was discharged 8
days after the operation (Fig. 3). Postoperative pathologi-
cal examination revealed that the tumor was macroscopi-
cally demarcated and accompanied by a capsule, which
was diagnosed as a stage IB (pT1bNOMO0) HCC (Fig. 4).
One month after the surgery, no complications were obs
erved.

Discussion

FV is a coagulation factor that acts in the blood coagula-
tion cascade; it is synthesized mainly in the liver, and con-
centration may decrease when hepatic synthesis function
declines. Although most FV are present in the plasma,
approximately 20% of circulating FV are found within
platelet a-granules [7]. FV deficiency is a coagulopathy
caused by quantitative deficiency and dysfunction of
FV, and is a rare disease [1]. FV deficiency is classified

as congenital or acquired depending on the presence or
absence of an FV inhibitor. Congenital FV deficiency is
caused by mutations in the FV gene itself, or by muta-
tions in genes that affect FV processing and storage. In
contrast, acquired FV deficiency has been reported to
be triggered by malignant tumors, blood transfusions,
collagen diseases, antibiotic use, and infectious diseases,
such as HIV and tuberculosis. This patient was diagnosed
with congenital FV deficiency approximately 20 years
prior to presentation. At the first visit, we considered
the possibility of acquired FV deficiency due to HCC
or another coagulopathy. Although we did not perform
genetic testing, we diagnosed congenital FV deficiency
by conducting a detailed medical interview, confirming
the clinical course, measuring the coagulation factor set,
confirming the FV inhibitor by Bethesda assay and per-
forming a cross-mixing test [2, 3]. Dissimilar to patients
with hemophilia A and B, patients with FV deficiencies
have prolonged PT and APTT, resulting in cutaneous
and mucosal bleeding, menorrhagia, and intramuscular
bleeding. There is no FV preparation for the treatment of
bleeding; hence, FV was supplemented with FFP trans-
fusion. Upon FFP transfusion, symptoms are milder and
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Fig. 3 Perioperative treatment course and changes in coagulation data. FV activity increased with FFP transfusion and remained at approximately
15%. The patient consumed food on the first night after the operation, the drain was removed on the fifth day postoperatively, and the patient was
discharged on the eighth day postoperatively. FV factor V, PT prothrombin time, APTT activated partial thromboplastin time, FFP fresh frozen plasma,
POD postoperative day

Fig. 4 Macroscopic findings. a Resection specimen of the hepatic
segment 5+ 6 subsegmental. b Cross section of the tumor. The
tumor was 2.6 x 2.1 x 1.8 cm in size with a capsule and a well-defined
white nodule

more asymptomatic than those in case of hemophilia; the
risk of death associated with bleeding events is low, and
the prognosis is good [7]. There are multiple reports of
FFP transfusion for surgeries, such as heart surgery [8],
cochlear implant surgery [9], intracranial drainage for
chronic subdural hematoma [10], laparoscopic-assisted
vaginal hysterectomy, bilateral salpingo-oophorectomy
[11], and laparoscopic cholecystectomy [12]. In this case,

surgery or RFA was considered for treatment based on
the BCLC staging algorithm [13]. However, RFA posed
a risk as the tumor was in contact with the Glissonean
pedicle 5+ 6 and could potentially cause biloma forma-
tion [14]. In addition, due to the cooling effect of blood
flow near the tumor, the temperature of the tumor may
not rise sufficiently; hence, insufficient coagulation
necrosis was a possibility [15]. As for the surgery, the
hepatic reserve was classified as Child—Pugh grade B
owing to decreased PT activity. It was, however, possible
that hepatic reserve was not correctly evaluated due to
the effect of FV deficiency. Liver damage was assessed as
grade A using another hepatic reserve evaluation index
[4], and the liver reserve was judged as good. The func-
tional remnant liver volumetry criteria stipulated by
our department were cleared [16]; thus, it was possible
to perform surgery. The choice of surgery was further
supported when cardiologists detected no abnormali-
ties during cardiac function evaluation, and the hema-
tologist advised sufficient hemostasis could be expected
during surgery. To the best of our knowledge, this is the
first report of hepatectomy performed in a patient with
FV deficiency. Highly invasive surgery can be safely
performed with appropriate FFP replacement therapy;
hence, it is desirable to establish an appropriate protocol.

It is important to determine the preferred surgical pro-
cedure and its ingenuity to reduce the risk of bleeding.
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Laparoscopic surgery has been reported to minimize
bleeding compared with open surgery [17]and, hence,
is preferable. Hepatic blood flow was controlled by the
Pringle method, indocyanine green fluorescent imaging
navigation was used to identify the S5+6 subsegment
of the liver, and CUSA was used as the main device for
the transection of the liver parenchyma [18-21]. During
intraoperative management, limiting fluid replacement,
controlling airway pressure, and reducing central venous
pressure and volumetric perfusion helped to reduce
bleeding [22-25]. Cooperation within the perioperative
team, including anesthesiologists, is essential to mini-
mize bleeding.

In liver surgery for patients with FV deficiency, pre-
operative cardiac function should be evaluated to deter-
mine whether a large FFP dose can be tolerated. As
mentioned above, cardiologists assessed cardiac func-
tion in our patient, which is generally performed by BNP,
echocardiography, active cardiac conditions [5], and the
revised cardiac risk index [6].Although it is necessary
to supplement coagulation factors to improve coagula-
tion function, FFP is transfused, as there are no FV-spe-
cific concentrated preparations. It is recommended that
FV activity be maintained above 15-20% for surgery. A
recommended protocol for FFP transfusion to increase
FV activity, is: one dose of 15 to 25 mL/kg before sur-
gery, 10 mL/kg every 12 h as needed, and an additional
10 mL/kg every 12 h as needed [26]. Overall, 2160 mL of
FFP was transfused perioperatively. If FFP does not suf-
ficiently improve coagulation function or FFP overdose
is difficult to manage, platelet transfusion can be per-
formed [26]. This is possible as approximately 20% of FV
is present in platelet a-granules, and FV is released with
the activation of platelets, resulting in a local FV con-
centration at least 100 times more than that of plasma.
This approach can prevent FFP overloading and may be
useful in some cases [27, 28]. In particular, FFP trans-
fusion is less effective, and platelet transfusion is more
useful in patients with acquired FV deficiency who have
FV inhibitor [28, 29]. In cases of acquired autoimmune
pathologies, free anti-FV autoantibodies are present in
circulating plasma, causing antigen—antibody reactions
with FV in the infused FFP, resulting in the loss of coen-
zyme activity of FV, and it is thought that the appropriate
hemostatic effect may not be obtained. Platelet transfu-
sion is effective because, as mentioned above, FV stored
in platelet o granules is released at the bleeding site with
platelet activation and works efficiently at the bleeding
site.

In this case, FV activity was used as an index to moni-
tor coagulation, because FV activity can be rapidly meas-
ured at our hospital once per week. As shown in Table 2,
PT-INR, PT, and APTT were correlated with FV activity
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and were useful for evaluating coagulability. If FV activity
cannot be measured, clinical symptoms, such as bleed-
ing, and monitoring of PT-INR, PT and APTT, may be
sufficient. In this case, PT activity of approximately 50%,
PT-INR of approximately 1.5%, and APTT of about 40 s
corresponded to an FV activity of 15%. However, the
extent to which FFP transfusion improves PT-INR, PT,
and APTT may vary depending on the individual consti-
tution and institution that performs the measurement. It
is important to transfuse FFP preoperatively and evalu-
ate the degree of correlation between PT-INR, PT, and
APTT.

Conclusions

For the first time, we reported a case of hepatectomy for
a patient with HCC and congenital FV deficiency. Liver
surgery in this case was performed safely by evaluating
cardiac function for operative tolerance in anticipation
of high doses of FFD, strict perioperative monitoring of
coagulation, evaluating the ingenuity of surgery, and per-
forming intraoperative management to minimize blood
loss.
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