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ABSTRACT

Background/Aims: Despite recent advances in surgical techniques, blood loss is an

important factor associated with postoperative outcomes in pancreatectomy. It is useful

to identify risk factors of increased blood loss.

Methodology: The clinical records of 161 patients who underwent an elective

pancreatectomy for peripancreatic diseases between 1994 and March 2011 were

retrospectively examined. Univariate and multivariate analysis of clinicopathological

and surgical parameters influencing intraoperative blood loss were performed. We

determined the cut-off value of the amount of blood loss based on the analyzed results.

Results: The mean and median blood loss was 1346+901 and 1070mL, respectively.

Red cell blood transfusion was performed in 72 patients (45%). Based on ROC analysis,

the predictive value of blood loss in patients who received red cell blood transfusion

was 880 mL (p<0.001); however, blood loss was not significantly associated with

postoperative complications (p=0.40). The cut-off level of estimated amount of blood

loss in the present study was set at 880mL. Male patients, fatty pancreas, higher serum

alkaline phosphatase level, longer operating time, performance of

pancreaticoduodenectomy (PD) and combined resections of adjacent major vessels were

associated with significantly more increased blood loss (p<0.05). Based on multivariate



analysis, longer operation time over 480 minutes and performance of PD were

significantly associated with increased blood loss (p<0.05).

Conclusions: Attempting to reduce operating time in cases of PD is necessary to reduce

intraoperative blood loss.
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INTRODUCTION

Perioperative management and recent advances in surgical techniques in

pancreatectomy have provided improved patient outcomes [1, 2]. However, the

possibility of increased blood loss, which may lead to negative postoperative outcomes,

still remains even in the present time [3, 4]. Tumor factors, surgeon experience,

existence of chronic pancreatitis, and type of pancreatectomy or combined procedures

are recognized as risk factors of intraoperative massive bleeding [3-7]. Intraoperative

bleeding requiring blood transfusion or associated poor outcomes has not been predicted

preoperatively by full use of surgical procedures to reduce blood loss [4]. Increased

blood loss might be related to poor outcomes [3]. However, accurate prediction might

not be fully possible and, therefore, it is important to identify the predictive factors

associated with bleeding tendency requiring blood transfusion in order to take prompt

measures, such as use of preoperative autologous blood transfusion [8] or selection of

operative training for young surgical trainees [7].

The aim of the present study was to determine the preoperative factors that influence

intraoperative blood loss requiring blood transfusion or poor patient outcome in 161

consecutively selected patients undergoing elective pancreatectomy between 1994 and

2011.



METHODOLOGY

Patients and methods

The clinical records of 161 consecutively selected patients that underwent various

hepatectomy surgeries without combined resection of other organs for liver diseases at

the Division of Surgical Oncology at Nagasaki University Hospital (NUH) for 17 years

between April 1994 and March 2011 were retrospectively examined by the retrieved

NUH database. Combined resection of adjacent major vessel was also excluded in this

study. Mean age for patients at the time of surgery was 65.3 + 12.4 years (range, 18-87

years). Gender was 106 males and 55 females. Accompanied chronic pancreatitis was

present in 56 patients, fatty pancreas in 3 and normal pancreas in 102 patients. Diseases

included pancreatic carcinoma (PC) in 51 patients, bile duct carcinoma (BC) in 34,

ampullar carcinoma in 19, gallbladder carcinoma in 5, duodenal tumor in 4, intraductal

papillary neoplasm (IPMN) in 22 including carcinoma in 11, mucinous cystic neoplasm

in 1, pancreatic endocrine tumor in 4 including malignancy in 2, and others in 21. The

procedures performed included pancreaticoduodenectomy (PD) (n=113),

hepato-pancreaticoduodenectomy (HPD) in 10, distal pancreatectomy (DP) (n=32), and

central pancreatectomy in 6. Laparoscopic resection was performed in 4 patients.

Combined resection of adjacent major vessels was performed in 14 patients. Radical



hepatectomy was performed to remove hepatic tumor without leaving any residual

tumor. All peri-pancreatic tumors were completely resected without macroscopic

exposure of the amputated section to the remaining liver. All study protocols were

approved by the Human Ethics Review Board of our institution. Informed consent for

data collection was obtained from each patient during this period. Anesthetic and patient

data were retrieved from the NUH database. There is no financial support or conflict of

interest regarding the present study.

Operative indications, evaluated parameters, surgical procedures

The indications for pancreatectomy and types of surgical procedures were determined

according to tumor locations. We examined preoperative clinical parameters, operative

procedures, surgical records, and postoperative morbidity. Operative incisions were

subcostal transverse incision in 37 patients and upper median incision in 124. We

performed resections using electrocautery, and vessel sealing devices were used for

transection in 14 patients (9%) using ultrasonic coagulation devices such as Harmonic

ultrasonic surgical devices (Ehicon Endo-Surgery Inc., Cincinnati, OH) or Sonosurg

(Olympus, Tokyo, Japan) [9]. Pancreatectomy was performed by two attending

surgeons for 108 operations and resident training surgeons for 53. In case of trainees,



quality control of the operation was provided by attending surgeons. Autologous blood

transfusion was not used in all patients in the present study. Intraoperative blood

transfusion (= red blood cell) was performed when unstable vital signs or hemoglobin

value of less than 9.0 mg/dl were observed. Fresh frozen plasma was transfused in the

patients who underwent HPD. Patients were divided into two groups according to blood

loss. In the first step, the cut-off level of blood loss was set at the predictive value for

red cell transfusion by the receiver operating characteristics (ROC) analysis. In the

second step, the predictive value of blood loss was set by existence of postoperative

pancreatic complications such as fistula, uncontrolled ascites, intraabdominal infection

and hemorrhage.

Statistical analysis

Chi-square test was used for comparison of categorical variables. Differences

between groups were analyzed by Fisher’s exact test and Scheffe’s multiple comparison

test. All continuous data were expressed as mean + SD. Data for different groups were

compared using one-way analysis of variance and examined by Student’s t-test. Logistic

regression analysis was performed to determine the predictive value of risk factors.

Potentially predictive variables were identified using a significance level of p<0.10 by



univariate analysis and the identified factors were then entered into logistic regression

multivariate analysis. A two-tailed P value < 0.05 was considered significant. PASW

Statistics 18.0.0 for Windows (SPSS Inc., an IBM Company, Chicago, IL) was used for

all statistical analyses.



RESULTS

Surgical record

The mean and median blood loss were 1346£901 mL (range: 80-4890 mL) and

1070mL, respectively. The mean red cell blood transfusion was 440+672 mL

(maximum range: 41500 mL), and transfusion was performed in 72 patients (45%).

Postoperative complications were was observed in 55 patients (34%), which included

pancreatic fistula in 35 patients, intraabdominal infection in 37, hemorrhage in 7, and

uncontrolled ascites in 17. Postoperative hospital death was observed in 2 patients. By

the ROC analysis, the predictive value of blood loss in patients who received red cell

blood transfusion was 880 mL (p<0.001) (Figure 1a); however, those in patients who

had postoperative complications was 1200mL but was not significantly associated with

postoperative complications (p=0.398) (Figure 1b). We therefore set the cut-off level of

estimated amount of blood loss in the present study at 880mL.

Associated parameters with the estimated blood loss

Predictive value of continuous parameters for blood loss is shown in Table 1. By

using these data, the predictive value for the estimated blood loss was examined as



noted in Table 1. Table 2 shows the univariate analysis between associated parameters

and blood loss over 880mL. Male patients showed significantly more blood loss in

comparison with female patients (p<0.05). Age was not significantly associated with

blood loss. Blood loss over 880mL in patients with fatty pancreas (100%) was

significantly more than those in others (p<0.05); however, difference of disease was not

associated with increased blood loss. Existence of co-morbidity such as diabetes,

smoking and alcohol abuse was not associated with blood loss over 880mL.

In the preoperative laboratory data, serum alkaline phosphatase level was

significantly associated with increased blood loss over 880mL, otherwise there was no

different. In the surgical records, longer operating time was significantly associated with

increased blood loss over 880mL (p<0.01). Difference in surgeon experience was not

significantly associated with increased blood loss. Performance of

pancreaticoduodenectomy (PD) and combined resections of adjacent major vessels led

to significantly more blood loss over 880mL (p<0.05).

Based on these data by univariate analysis, we selected candidate parameters with

p values less than 0.05 for the multivariate analysis in the present study, as shown in

Table 3. With respect to blood loss over 880mL, long operation time over 480 minutes

(8 hours) and performance of PD were significantly associated with increased blood

10



loss (p<0.05). Males tended to have increased blood loss (p=0.066).
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DISCUSSION

To minimize intraoperative blood loss, we attempted to modify surgical techniques

in our recent series using advanced hemostatic devices (9) although we have mainly

used electrocautery. Unexpected bleeding could not be completely controlled in some

cases. Since 2008, additional procedures of use of vessel sealers as ultrasonic

coagulation devices were applied to improve surgical records in our series (9, 10).

Under these various methods for intraoperative blood loss control at our institute, we

examined associated parameters with respect to increased blood loss affecting blood

transfusion or poor patient outcomes in the present study. In the pancreatic resections,

blood vessels in the pancreatic parenchyma and surrounding operative field were the

main bleeding sites during operation. After operation, pancreatic fistula or infection

causes lethal postoperative bleeding (11). Thus, pancreatectomy always has a risk of

massive hemorrhage. Nagai et al. reported that excessive blood loss over 2000mL was a

significantly risk factor of postoperative morbidity or poor patient survival in the early

postoperative period (3). Control or prediction of intraoperative blood loss, therefore, is

an important issue to improve patient outcomes.

To determine the clinical significance of the cut-off level of blood loss, we set a

cut-off level of intraoperative blood loss for necessity of intraoperative allogeneic blood

12



transfusion and association with postoperative severe complications, because blood

transfusion or increased blood loss might affect postoperative outcomes (3, 12, 13).

Fresh frozen plasma (FFP) has been used for patients with intraoperative excessive

ascites; however, FFP is not always necessary. In the present study, only red cell

transfusion was evaluated. Our present result showed that patients might require blood

transfusion in case of 880mL of blood loss by the ROC analysis. Below 880mL, a few

cases received blood transfusion. In other reports, blood loss requiring transfusion was

higher than in our present study (3, 4). As a tendency of anesthetists at our institute,

blood transfusion might be decided at a hemoglobin level of 9mg/dl. The timing and

decision for transfusion may be influenced by anemia, underlying cardiovascular status,

or the anesthesiologist's inappropriate orders for transfusion. This must be improved to

limit blood transfusion, based on the present result. A larger blood loss regarding

postoperative complications could be calculated by the ROC analysis; however, this

association was not statistically significant. Eventually, 880mL of blood loss was

applied in the subsequent analysis of the present study.

In the parameters of patient demographics, male gender and fatty pancreas were

significantly associated with increased blood loss. A previous report also indicated that

male gender was strongly associated with postoperative morbidity in pancreatic surgery
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(14). Although definite mechanisms or reasons for this parameter could not be

explained, male patients might have several co-morbidities reflecting bleeding tendency

or lower tolerance of blood circulation by blood loss, in comparison with female

patients (15). Usually, a soft pancreas demonstrates pancreatic fistula tendencies (2, 16).

Regarding the intraoperative bleeding, in the present study, fatty pancreas showed

bleeding tendency because of its fragile architecture. Although diabetes or other

co-morbidities are proposed risk factors of blood loss or morbidity in pancreatectomy,

this co-morbidity was not related to intraoperative bleeding, which is similar to other

recent reports (17, 18). Regarding preoperative laboratory parameters, only increased

level of alkaline phosphatase was associated with increased blood loss. Coagulation

parameters such as platelet count or prothrombin activity were not associated with

increased blood loss in the present results.

In surgical records, total operating time, performance of PD and combined vascular

resection were closely associated with increased blood loss, which was reasonable

because of the increased complexity of operative procedures in comparison with DP or

pancreatectomy without vascular reconstruction (19). Longer operating time might be

associated with increased blood loss. Therefore, it is important to reduce operating time

by applying various surgical procedures. Furthermore, unexpected bleeding might have
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been principally caused by an injury to the surrounding vessels of the pancreas. PD and

combined vascular resections were associated with increased blood loss (19). PD

showed some hazards of intraoperative bleeding such as a congestive portal venous

bleeding in the pancreatic head. Ligation of arterial inflow at the earlier stage of

operation was recommended to reduce congestive bleeding (20). Combined resection

and anastomosis of the portal vein may increase bleeding (19). Nowadays, the advanced

vessel sealing devices could decrease blood loss (9, 10) although we did not examine

the association of such a device in the present series. Surgeon experience was not

associated with increased blood loss in the present study (21). We have had an

education system regarding PD for young surgeons, as reported previously (7) and,

therefore, fellows or residents could overcome blood loss with advanced skills. Except

for these parameters, patient obesity calculated by body mass index can be associated

with operative difficulty (22) but this factor was not examined in our series.

Multivariate analysis showed operating time and performance of PD were

independently associated parameters with blood loss over 880mL in the present study.

By this result, reducing operating time in case of PD is important.

In conclusion, we examined the associated parameters with increased

intraoperative blood loss during pancreatectomy in a retrospective analysis using the
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clinical records of 161 patients who underwent elective pancreatectomy for

peripancreatic diseases. Based on ROC analysis, predictive blood loss in patients who

received red cell blood transfusion was set as the estimated value at 880mL. Male

patients, fatty pancreas, higher ALP level, longer operating time, performance of PD

and combined vascular resection were significantly associated with increased blood loss

based on univariate analysis. Performance of PD and operating time were predicted as

risk factors of increased blood loss for pancreatectomy by multivariate analysis.

Attempting to reduce transection and operating time by applying the latest hemostatic

devices may reduce blood loss in these patients.
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Figure legends
Figure 1. ROC analyzed curve for the estimated probability of blood loss calculated.

A) predictive value of blood loss in patients who received red cell blood transfusion, B)

those in patients who had postoperative morbidity.
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Table 1 Predictive value of continuous parameters for estimated blood loss

Blood loss over 880ml

Age (years) 41

Laboratory data
BT-PABA test (%)* 64
Hemoglobin (g/dl) 13
Total bilirubin (mg/dl) 0.9
Prothrombin activity (%) 96
Total protein (g/dL) 6.8
Platelet count (/mm°) 22x10*
Alkaline phosphatase (U/l) 310
Cholinesterase (U/l) 140
Amylase (U/l) 75
Total cholesterol (mg/dl) 178
Hemoglobin A1C (%) 55

Surgical record

Operating time (minutes) 480

* Ora administration of the synthetic peptide N-benzoyl-L-tyrosyl-p-aminobenzoic

acid.



Table 2 Univariate analysis between associated parameters and estimated blood loss

Blood loss >880mL Significance
(n=105)
Gender
Male/ female (n=106/55) 75(71)/30(55) 0.049
Age
<40/ >41 (n=9/152) 5(56)/100(67) 0.49
Background pancrestic diseases
Normal (n=102) 59(58)
Fatty (n=3) 3(100) 0.020
Pancreatitis (n=56) 43(77)
Diseases
Pancreatic carcinoma (n=51) 37 (73)
Biliary carcinoma (n=58)* 39 (67) 0.15
Duodenal tumor (n=4) 2 (50)
IPMN or MCN (n=23) 15 (65)
Other diseases (n=25) 12 (48)
Co-morbidity
Diabetes nolyes (1=46/115) 33(72)/72(65) 0.56
Smoking nol/yes (n=102/59) 63(64)/41(73) 0.30
Alcohol  nolyes (n=92/69) 53(60)/51(76) 0.11
Liver functions*
BT-PABA test (%)* <64/>64 (n=63/66) 41(64)/51(77) 0.28

Hemoglobin @/dI)* <13/>13 (n=67/80) 45(67)/54(68) 1.0




Total blirubin ng/dl)* <0.9/>0.9 (n=130/17)
Prothrombin activity (%)* <96/>96 (n=75/64)
Total protein (g/dL)* <6.8/>6.8 (n=37/110)
Platelet count (x10Ymm®)*  <22/>22 (n=22/125)
Alkaline phosphatase (U/l)*  <310/>310 (n=77/70)
Cholinesterase (U/l)* <140/>140 (n=82/60)
Amylase (U/1)* <75/>75 (n=85/61)
Total cholesterol (mg/dl)*  <178/>178 (n=63/89)
Hemoglobin A1C @0)* <5.5/>5.5 (n=63/58)
Surgical records*
Operating time (min.) <480/>480 (n=65/96)

Operator

Attending/Fellow or Resident  (n=108/53)
Incision*

Transverse/Median (n =37/124)
Extend of hepatectomy

PD/HPD/DP/Others (n=113/10/32/6)
Combined vascular resection

None/yes (n=147/14)

88(68)/11(65)
55(73)/41(64)
26(70)/73(66)
15(68)/84(67)
44(57)/55(79)
56(68)/41(68)
62(73)/36(59)
46(73)/56(63)

39(62)/43(74)

28(44)/77(83)

75(69)/30(57)

29(78)/76(62)

85(75)/9(90)/11(34)/1(17)

92(63)/13(93)

0.89

0.32

0.81

1.0

<0.001

1.0

0.11

0.26

0.22

<0.001

0.40

0.38

<0.001

0.035

*: some data was deficit.



Table 3 Multivariate analysis between associated parameters and estimated blood |oss

Blood loss over 850ml

Risk ratio 95% Significance
Confidence
interval

Gender

Maevs. Female 22 0.94-5.0 0.066
Background pancreatic diseases

Fatty/pancreatitis vs. Normal 2.6 0.44-68 0.17
Liver functions*

Alkaline phosphatase >310 vs. <310 1.6 0.65-3.7 0.32
Operating time (min.) >480 vs. <480 25 1.04-5.7 0.039
Pancreatectomy

PD/HPD vs. DP/Others 4.6 1.54-12.8 0.006

Combined resection

Yesvs. no 1.8 0.91-28 0.11
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