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Background and Purpose: Hepatic resection is the mainstay treatment of hepatobiliary tumor. Nowadays,
mortality is less than 6%. However, morbidity is still high. Bleeding is one of the most common problems during
hepatic resection which can sometimes lead to catastrophe. The purpose of the present study was to investi-
gate the risk factors associated with major blood loss during hepatic resection for hepatobiliary tumor.
Material and Method: A total of 69 consecutive patients who underwent elective hepatic resection for
hepatobiliary tumor from May 2002 to April 2004 were enrolled into this retrospective study.The Patients
were divided into 2 groups(group I and II) according to the intraoperative blood loss. Patients who had a
blood loss of more than 1,000 ml were defined as the major blood loss group(groupl). Thirteen variable factors
were analyzed to determine the risk of major intraoperative blood loss. Operative outcomes between the two
groups were also compared.

Results: Of the sixty-nine patients, 36 patients were in group I and 33 patients were in group II. 75% of the
patients in group I and 36.4% of the patients in group Il were transfused. Median blood transfusion in group
I and Il were 3 and 0 units of packed red cell. Univariate analysis showed tumor size, extent of hepatic
resection , tumor pathology and operative time were factors affecting major intraoperative blood loss. How-
ever, multivariate analysis showed only operative time and tumor size to be independent risk factors. Patients
in group I had higher surgical morbidity and prolonged hospital stay compared with patients in group II.
Conclusion: Blood loss is still a major concern in performing hepatic resection. From the present study, tumor
size and operative time are the independent factors affecting major intraoperative blood loss. Proper screen-
ing or a surveillance program may enhance the chance to find small tumors. Refined operative techniques
such as anterior approach and liver hanging would facilitate resection for large right sided tumors.
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Hepatic resection is now accepted as the
standard treatment for most benign and malignant
liver tumors.The mortality rate is currently less than
6%"?. However, morbidity is still high. One of the
major concerns in performing hepatic resection is
bleeding during the operation. Hemorrhage can occur
in any phase of the operation such as hilar dissection,
liver mobilization and parenchyma transection. Major
hemorrhage during hepatic resection not only increases
morbidity which can sometimes lead to death but also
reduces the patient’s overall survival. To reduce the
risk of operative hemorrhage is still challenging espe-

Correspondence to : Nivatvongs S, Department of Surgery,
Faculty of Medicine, Chulalongkorn University, Bangkok
10330, Thailand. Phone: 0-2256-4117, E-mail: Supanit.N
@chula.ac.th

S54

cially in complex hepatic resection. The aim of the
present study was to review the factors affecting major
blood loss during hepatic resection and discuss the
strategy to overcome or reduce this condition.

Material and Method

The 69 consecutive patients who underwent
elective hepatic resection for hepatobiliary tumors
in our unit from May 2002 to April 2004 at King
Chulalongkorn Memorial Hospital were enrolled into
the present study. There were 31 males and 38 females.
Mean (+SD) age was 56 (+14) years (range 19-78).
Hepatic resection was performed for primary liver can-
cer in 40 cases, liver metastasis in 21 cases and benign
tumors in 8 cases. Blood loss during hepatic resection
was estimated as the sum of blood absorbed by surgi-
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cal swabs and the amount recorded in suction units at
the end of the operation. Intraoperative blood transfu-
sion, defined as the number of units of packed red cells
transfused during the operation or in the immediate
postoperative period, was judged necessary by anes-
thesiologists according to the patients’ condition as
dictated by intraoperative monitoring of vital signs,
hemoglobin level, urine output and blood gases. The
criteria were to transfuse the amount necessary to
maintain normal vital signs and to replace hematocrit
up to 30%.

Hepatic resection was defined as extended
when 5 or more Couinaud’s segments were removed.
A major resection was when 3 or 4 segments were
removed and minor resection when 2 segments or less
were removed®. The procedures were performed
under Pringle’s maneuver liberally and hepatic paren-
chymal transection was done by clamp fracture tech-
nique. Hemorrhage was controlled by electrocautery,
argon beam coagulator and suture ligation.

Patients were divided according to the intra-
operative blood loss into major blood loss group
(group I) when the loss was more than 1000 ml and
minimal blood loss group ( group II ) when the loss was
1000 ml or less. The following data were analyzed by
univariate analysis to determine the risk factors of major
intraoperative blood loss: gender, age, cirrhosis, tumor
size, tumor pathology, type of resection, preoperative
values of hemoglobin concentration, platelet count,
prothrombin time: INR ratio, serum bilirubin concen-
tration, intraoperative CVP level, Pringle maneuver and
operative time. For patients bearing more than one
tumor, the largest one was taken into account for the
calculation of the mean tumor diameter. Operative out-
comes between the two groups were also compared.
Statistically significant factors tested by univariate
analysis were studied further by multivariate analysis.
Statistical analysis

Data analysis was performed using the SPSS
program. In a univariate analysis, qualitative variables
were compared by the chi-square test meanwhile quan-
titative variables were expressed as mean (+SD) and
compared by the Student’s t test except bilirubin for
which Mann-Whitney test was employed. The multi-
variate analysis used the stepwise logistic regression.
P<0.05 was determined as statistical significance.

Results

Of the sixty- nine patients, 36 patients (52%)
were in group I and 33(48%) were in group II. Twenty-
seven patients( 75%) in group I and 12 patients (36.4%)
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in group Il were transfused respectively. Median (min-
max) blood loss and blood transfusion in group I were
1500 ( 1000-5500) ml and 3 ( 0-10) units of packed red
cells. Meanwhile, median (min-max) blood loss and
blood transfusion in group II were 400 ( 100-800) ml
and 0 (0-3) unit. For both groups, median (min-max)
blood loss was 1000 (100-5,500) ml and blood transfu-
sion was 1 (0-10) unit. In the postoperative period, no
patient was transfused.

The results of univariate analysis of risk
factors associated with major intraoperative blood loss
are listed in Table 1. Tumor size, extent of hepatic
resection, tumor pathology and operative time were
significant risk factors of major intraoperative blood
loss.

Preoperative hemoglobin level, preoperative
liver functions (bilirubin, prothrombin time: INR), Pringle
maneuver and intraoperative CVP had no effect on
major intraoperative major blood loss. The multivariate
analysis showed tumor size and operative time were
independently correlated with major blood loss
(P<0.05).

Operative outcomes between the two groups
were compared. In group I, 75 % of patients were trans-
fused. Meanwhile 36% of patients in group II were
transfused. ICU stay in both groups was not statisti-
cally different but hospital stay in group I was longer
significantly. Patients in group I had more morbidity
than patients in group I as shown in Table 2.

Discussion

Blood loss is one of the major concerns in
performing hepatic resection. The adverse sequelae of
transfusion in patients with liver a tumor undergoing
hepatic resection are well known®®. Blood transfu-
sion has been proposed to be associated with poor
disease free and shortened overall survival rate®. The
presented data showed that patients with major intra-
operative blood loss had more surgical morbidity and
prolonged hospital stay.

In specialized centers, the rate of the blood
transfusion is less than 30 % 1. In the present study,
56.5 % of patients were transfused. This high number
might reflect a lower threshold to transfuse. In group I1
, there were 3 patients who received 3 units of packed
red cells (data not shown). However, median volume of
blood transfusion in both groups was 1 unit of packed
red cells.

An important step to improve the outcome of
hepatic resection is to minimize blood loss. Careful
preoperative evaluation especially of liver functions is
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Table 1. Results of univariate analysis for qualitative and quantitative variables

Variables Group I (n=36) Group II (n=33) p value
Age: year (SD) 57.4 (12) 54.6 (15) 0.40°
Gender: n (%) 0.06°
Male 20 (55.6) 11(33.3)
Female 16 (44.4) 22 (66.7)
Tumor size: cm (SD) 8.2(5.4) 5.4 (3.6) 0.015¢
Cirrhosis: n (%) 5(13.9) 309.1) 0.53°
Operation: n (%) 0.002°
Major 12 (33.3) 9(27.3)
Minor 11 (30.6) 22 (66.7)
Extended 13 (36.1) 2(6.1)
Tumor pathology:n (%) 0.04°
Primary 26 (72.2) 14 (42.4)
Metastasis 8(22.2) 13 (39.4)
Benign 2 (5.6) 6(18.2)
Hemoglobin: g/dl (SD) 12.4 (1.6) 123 (3.1) 0.89¢
Platelet count: *103 /L (SD) 285 (133) 262 (95) 0.43¢
INR (SD) 1.04 (0.2) 1.04 (0.2) 1.0
Bilirubin: mg% (SD) 1.4 (2.0) 0.89 (0.66) 0.244¢
Pringle maneuver:no. (%) 29 (81) 24 (73) 0.628°
CVP:cmH,O (SD) 10.9 (3.8) 10.2 (3.4) 0.45¢
Operative time: hour (SD) 6.7 (2.6) 4.3 (1.6) 0.0?
a: t test , b: chi square test , c: Mann-Whitney U test
Table 2. Comparing operative outcomes between two groups
Outcome Group I Group 11 p value
Transfusion: n(%) 27 (75) 12 (36.4)
Hospital stay: days (SD) 32.3(30.2) 16.8 (9) 0.006
ICU stay: days (SD) 3.4(7) 1.2 (0.8) 0.08
Postoperative complication®n (%) 0.008

grade 0 15 (44.1) 25 (75.8)

grade | 4(11.8) 3(9.1)

grade 11 7 (20.6) 2(6.1)

grade 111 8(23.5) 3(9.1)

grade IV 0(0) 0(0)

grade V 0(0) 0(0)

¢ : Grading system of postoperative complication*
Grade 0 : no complication

Grade I : requiring no intervention or minor intervention such as oral antibiotics ,bowel rest or basic monitoring
Grade Il : requiring moderate intervention such as intravenous medication, TPN, prolonged tube feeding, or chest tube

insertion

Grade III : requiring hospital readmission, surgical intervention or radiologic intervention
Grade IV : producing chronic disability, organ resection, or enteral diversion

Grade V : death

the first step to select the patients for surgery. The
authors’ policy is to improve or correct liver dysfunc-
tion before resection by all possible means such as
nutrition support, biliary drainage in obstructive jaun-
dice and infection control. This might explain why pre-
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operative liver functions in the present study had no
effect on major intraoperative blood loss. Tumor size,
type of tumor pathology were the preoperative factors
that influenced the major intraoperative blood loss from
univariate analysis. Type of operation, operative time
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were also the risk factors for major intraoperative blood
loss. The relationship between the larger size of the
tumor, the greater complexity of the procedure and
longer operative time was confirmed by multivariate
analysis which showed only tumor size and operative
time as the independent risk factors associated with
major intraoperative blood loss.

Bleeding can occur in any phase of hepatic
resection such as hilar dissection, liver mobilization
and parenchymal transection. With advances in tech-
nology many new instruments are available to help
minimizing blood loss during hepatic resection. How-
ever, The authors find the technique of clamp fracture
and electrocautery highly satisfactory. Data from
Makuuchi et al'? did not demonstrate any difference
in blood loss using sophisticated instrument compared
to clamp fracture during hepatic resection.

From the present study, it appears that the
strategy to reduce blood loss during hepatic resection
for the large tumor rests upon good screening or sur-
veillance program and refined operative techniques.
The first policy is to detect earlier and hence smaller
tumors which can be treated by nonoperative manage-
ment such as radiofrequency ablation. If surgery is
indicated for these tumors, it can be performed in
relative safety due to small sizes. It is prudent to follow
up the chronic hepatitis B or C patients by ultrasono-
graphy and alpha-fetoprotein every 3-6 months. For
metastatic tumors especially from colorectal cancer,
screening ultrasonography and monitoring of CEA
level may detect tumors early when surgical resection
can be performed safely. The second policy concerns
the operative approach for large right sided tumors.
Exposure for large right sided tumor is sometimes
limited. Liver mobilization for such tumors not only
causes tumor rupture but also increases the chance of
injury to the short hepatic vein and IVC. There are
many ways to facilitate resection of a large right sided
tumor. Extension of the abdominal incision into the
thoracoab dominal approach? can lead to better
exposure. Anterior approach during parenchymal trans-
action® before liver mobilization and liver hanging¥
are the alternative techniques to manage this tumor.

In conclusion, minimizing blood loss during
hepatic resection is an important step to achieve better
outcome. Tumor size and operative time are the inde-
pendent risk factors affecting major intraoperative
blood loss. Proper screening or a surveillance program
for patients with chronic hepatitis B or C and for
patients with colorectal cancer to detect smaller
tumors and refinement of operative technique are the

J Med Assoc Thai Vol. 88 Suppl.4 2005

strategy to overcome these risks.

References

1. Franco D, Smaja C, Meakins JL. Improved early
results of elective hepatic resection for liver
tumors. One hundred consecutive hepatectomies
in cirrhotic and noncirrhotic patients. Arch Surg
1989; 124:1033-7.

2. Sitzmann JV, Greene PS. Perioperative predictors
of morbidity following hepatic resection for neo-
plasm. A multivariate analysis of a single surgeon
experience with 105 patients. Ann Surg 1994; 219:
13-7.

3. Malassagne B, Cherqui D, Alon R. Safety of selec-
tive vascular clamping for major hepatectomies.
JAm Coll Surg 1998; 187: 482-6.

4. Robert CG, Murray F, David PJ. Quality of compli-
cation reporting in the surgical literature. Ann
Surg 2002;235: 803-13.

5. Dodd RY. The risk of transfusion-transmitted
infection. N Engl J Med 1992;327:419-21.

6. Matsumata T, Ikeda Y, Hayashi H, et al. The asso-
ciation between transfusion and cancer-free
survival after curative resection for hepatocellular
carcinoma. Cancer 1993; 72: 1866-71.

7. Matsumata T, Kanematsu T, Shirabe K. Decreased
morbidity and mortality rates in surgical patients
with hepatocellular carcinoma. Br J Surg 1990; 77:
677-80.

8. Fujimoto J, Okamato E, Yamanaka N. Adverse
effect of perioperative blood transfusions on sur-
vival after hepatic resection for hepatocellular
carcinoma. Hepatogastroenterol 1997; 44 : 1390-6.

9. Yamamoto J, Kosuge T, Takayama T. Perioperative
blood transfusion promotes recurrence of hepa-
tocellular carcinoma after hepatectomy. Surgery
1994; 115:303-9.

10. Jamieson GG, Corbel L, Campion JP. Major liver
resection without a blood transfusion: is it a
realistic objective? Surgery 1992; 112: 32-6.

11. Takayama T, Makuuchi M, Kubota K, Harihara Y,
Hui AM, Sano K , et al. Randomized comparison
of ultrasonic VS clamp transection of the liver.
Arch Surg2001; 136 : 922-8.

12. DeMatteo RP, Blumgart LH. Techniques of major
hepatic resection. In: Kockerling F, Schwartz SI,
editors. Liver surgery: operative techniques and
avoidance of complications. 1% ed. J.A. Barth,
2001:171-8.

13. Azoulay D,Marin-Hargreaves G, Castaing D, Adam
R Savier E,Bismuth H. The anterior approach : the

S§57



right way for right massive hepatectomy. J Am Kianmanesh R. Liver hanging maneuver: A
Coll Surg2001;192: 412-7. safe approach to right hepatectomy without liver
14. Belghiti J, Guevara OA, Noun R, Saldinger PF, mobilization. J Am Coll Surg 2001; 193:109-11.

isanduanans “gaoalunsHIaaALYaIRaIaNISULNIIARKIAUAZAL

s

ana a o d/ et o ~ aa A
yay @duana, s23@nA 9N W, Unkns win G, sy dawa, aké #a9d

gﬁwmu'Z@”ﬁnmﬁdﬂwvﬂﬁﬂwa@iamﬂdmﬁaﬂ LLazzwﬁﬁawlug‘”ﬂmﬁ?@ﬁ'ﬂmiﬁh@1”@7@7“’1/ Yadiiavan
SUUNIIAUUIABRE AL Z@mcﬂogfﬂumﬂu 2 ngu n@'wﬁ 0] gfﬂayﬁ “uidaalusznianaaninnil 1,000
VA. LLE\I:’ﬂéj&Iﬁ 2fa gfﬂwﬁ “mdoalusznivaidaiagnii 1,000 V8. HaNITANINLTI gfﬂay%ﬁm 69 AU
I v Il 1 { A 1 { v 1 { { Qe
LﬂugﬂaﬂagZungwﬁww 36 A ngm?’f 89 33 AL 541/35/77@1/777 1 Ju50mn3 “sdaaady 1500 va. uaslasu
A A A & A A oy y oA A A oA A v A A
\Faaiady 3 gia vasdalaoauay Zuwm:ngﬂwn@wﬂ 2 Ju53mm 3 “edaaiady 400 ua. waz ldTLiAaniade
0 gﬁ@mauﬁmﬁaﬂum thvpnidnadans " saaa laun yu1avadiiadan Tiavadihadan 350 1IHIaAUas T
LIRINITEIAR g}lvﬂ';z}n@'yﬁ 1 ﬁmvmmnq?amm:a"’mﬁmmgk\iwmmamun’hgfﬂmn@'&;ﬁ 2
a | e e ¢ A ¥ o o & aA A A o o . e
n138aNTTs A aa N TANAAALYaIHEIaN T UL R UIALAL AL LTuI DN Tt M sanan
15z uaw 159 n’;nﬁﬁ@mmjﬂmﬁﬁmm“yﬂumﬂﬁmﬁaaan L% gfﬂmﬁﬁm?:ﬁuuﬁamn%‘?
o o A A A ey A & o . oA o s P = = P , o Ao
avans vuil niad glnlmmilummmll Tng) iNaemalinuibasanndvwmaian s luaunadansaiaana
udsmsniectisaama “udoalusznivnismisdaay e

S58 J Med Assoc Thai Vol. 88 Suppl.4 2005



