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Abstract. Background/Aim: Cholelithiasis (Chole) is one of the
most common diseases needing operative management
worldwide. However, there are few studies assessing the
intraoperative bleeding (IOB) complications leading to blood
transfusions (BloTs) in elderly patients with cholecystectomy
(Ccy). Patients and Methods: Outcome after IOB complications
and need for BloTs in a cohort of 17,412 patients with Ccys were
assessed with special reference to elderly Ccy patients. Results:
A total of 17412 patients underwent Ccy and 11% of Ccy
patients (1,856/17,412) were aged =75 years. The Ccy patients
=75 years underwent more often emergencylopen Ccys. Red
blood cell BloTs were administered five times more often to Ccy
patients =75 years versus Ccy patients <75 years (13% versus
2.6%, p<0.001). In Ccys by emergency surgery indications, the
need for BloTs was four times higher in Ccy patients =75 years
versus Ccy patients <75 years (5.5% versus 1.3%, p<0.001).
Conclusion: The elderly Chole patients have a higher risk than
younger Chole patients for perioperative IOB complications and
thus are more likely to need BloTs.
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Cholelithiasis (Chole) and cholecystitis are among the most
common diseases needing operative management worldwide
with 750,000 cholecystectomies (Ccys) performed annually in
the United States (1) and almost 18 million Ccys worldwide
every year (1-3). Chole represents one of the most common
gastroenterological diseases in elderly patients (1-7) and quality
of life (QoL) reports following Ccy often relate outcomes to
post-surgery complications, duration of hospitalization,
morbidity, and mortality. However, these reports frequently lack
assessment of intraoperative bleeding (IOB) complications (8-
13). Although, IOB could be a poor measure of QoL for elective
surgery as Ccy, where perioperative harms are infrequent (12-
14), elderly Ccy patients are often using antithrombotic drugs
associated with increased risk for IOB following surgery (15).
In addition, elderly Ccy patients often present with common bile
duct (CBD) stones (16-22) and more severe inflammatory
changes (23) leading to an increased risk of conversion from
laparoscopic cholecystectomy (LC) to open cholecystectomy
(OC), which may lead to IOB and a prolonged duration of
hospitalization. Lammi et al. (24) assessed the perioperative
blood transfusions (BloTs) in a cohort of 1,337 patients with
pancreatic surgery (PaSurg). They found no differences between
high-, medium- and low-volume hospitals in the use of BloTs
and trigger points for BloTs after PaSurg. However, the authors
suggested a better use of reserved blood units after PaSurg.
More recently, the same authors (25) investigated BloTs in 732
partial hepatic resection (HePa) patients versus 864 PaSurg
patients and divided the study patients into the BloT negative
(BloT-) and BIoT positive groups (BloT+). The authors found
quite similar perioperative changes in Hb levels in BloT- versus
BloT+ groups of HePa and PaSurg patients regardless of
whether they received BloTs or not. However, there is a lack of
studies assessing the role of IOB complications leading to BloTs
in elderly patients with Ccy, which is one of the most common
surgical procedures performed in elderly patients. Therefore, the
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Table 1. Baseline data of open cholecystectomy (OC) and laparoscopic cholecystectomy (LC) patients in two age groups.

Variable

Age <75
n=15,556 (89%)

Age =75
n=1,856 (11%)

Age, median (range)
ASA, median (range)
ASAI-II, n (%)
ASA = 111, n (%)
Not available
Emergency
Elective
Preoperative Hb, median (range)
Preoperative Hb <90 g/I
LC,n (%)
OC, n (%)
Cholangiography, n (%)
CBD exploration, n (%)

52 (2-74) years 78 (75-95) years**

2 (0-5) 3 (1-5)%*
11,599 (74) 363 (20)**
2,668 (17) 1,244 (67)**
1,289 (8.3) 249 (13)
3,238 (21) 815 (44)**
12,318 (79) 1,041 (56)**

132 (63-182) 127 (48-184)%*

56 (0.4) 21 (1.1)*

12,687 (82) 918 (50)**

2,869 (18) 938 (51)**
955 (6.1) 240 (13)%**
255 (1.6) 103 (5.5)%*

*p=0.05-0.001, **p<0.001; ASA: American Society of Anesthesiologist physical status classification; CBD: common bile duct.

purpose of this work was to investigate the IOBs and BloTs in
a cohort of 17,412 Ccys in Finland.

Patients and Methods

Permission to use the Optimal Use of Blood (OUB) registry was
obtained from the Review Board of the Finnish Red Cross Blood
Service, Helsinki, Finland (26). The study was conducted in
accordance with the Helsinki Declaration and the study protocol
was approved by the Ethical Board of the Finnish Red Cross Blood
Service, Helsinki, Finland (26).

The following data were collected: age, sex, American Society of
Anesthesiologists physical status score (ASA), main diagnosis,
surgical procedure, hemoglobin (Hb) level, platelet values, red blood
cell (RBC) BloTs, plateletBloTs, fresh frozen plasma (FFP) BloTs, and
International Normalized Ratio (INR) values. Detailed description of
the study protocol is shown in reports by Palo et al. (26-30).

Statistical analysis. Baseline demographic characteristics are presented
as absolute values with percentages or medians with interquartile ranges.
Two-tailed Chi-square test or Fisher’s exact test were used to compare
categorical variables, and the Student’s 7-test, Mann-Whitney U-test or
Kruskal-Wallis test were employed in the comparison of continuous
study variables. Statistical significance was set at p-value<0.05. Data
were analyzed by IBM SPSS statistical software (IBM SPSS Statistics
for Windows, version 26.0, IBM Corporation, Armonk, NY, USA).

Results

Baseline data. A total of 17,412 patients undergoing Ccy for
symptomatic Chole were included and baseline study
characteristics are shown in Table I. Of the study patients, 89%
(15,556/17/412) were younger than 75 years and 11%
(1,856/17,412) were =75 years old. The elderly patients (=75
years of age) had a higher ASA class, underwent more often
emergency operations, had a higher risk for OC, and underwent
more often CBD explorations (p<0.001). Furthermore, the
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preoperative Hb levels of the elderly Ccy patients were also
lower when compared to younger Ccy patients.

Data of I0B complications and BloTs in two age groups (<75
years versus =75 years of age). The need for BloTs in study
patients is presented in Table II. In total, 13% (242/1856) of the
elderly Ccy patients (=75 years) received RBC BloTs, while only
2.6% (398/15,556) of younger Ccy patients (<75 years) needed
the BloTs (p<0.001). Massive BloTs (>10 blood units) were rare
in both groups. However, the Ccy patients =75 years had a
higher risk for massive BloTs in comparison to Ccy patients <75
years of age (0.6% versus 0.2%, p<0.001). Corresponding
figures are shown, when comparing elderly Ccy patients versus
younger Ccy patients in platelet BloTs (1.1% versus 0.3%,
p<0.001) and FFP BloTs (5.3% versus 0.8%, p<0.001). The
elderly Ccy patients with emergency Ccy had a higher risk for
RBC BloTs in comparison to younger Ccy patients (21% versus
6.2%, p<0.001). The elderly Ccy patients also received BloTs
more often than younger Ccy patients after elective surgery. The
lowest perioperative Hb levels were relatively similar in both age
groups, as shown in Figure 1. Only a small proportion of study
patients had a Hb level below 80 g/l and the presence of severe
anemia was uncommon. The BloTs were more often given to
those with high ASA levels (Figure 2).

Discussion

The IOBs and BloTs for surgical patients are not everyday
procedures and it is evident that patients with IOBs and
BloTs are more complicated than average surgical patients.
Nevertheless, it should be noted that the liberal use of BloTs
in surgical patients is not harm-free (31). Previously it has
been shown that patients with IOB complications treated
with strict criteria for BloTs had a lower risk for morbidity,
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Table I1. Red blood cell (RBC), fresh frozen plasma (FFP), and platelet transfusions in open cholecystectomy (OC) and laparoscopic cholecystectomy

(LC) patients divided into two age groups.

n=15,556 (89%)

Age <75 Age =75

n=1856 (11%)

All patients
RBC transfusion, n (%)
RBC-transfusion (=10 units), n (%)
Platelet transfusion, n (%)
FFP transfusion, n (%)
Elective patients
RBC transfusion, n (%)
RBC-transfusion (=10 units), n (%)
Platelet transfusion, n (%)
FFP transfusion, n (%)
Elective/OC
RBC transfusion, n (%)
RBC-transfusion (=10 units), n (%)
Platelet transfusion, n (%)
FFP transfusion, n (%)
Elective/LC
RBC transfusion, n (%)
RBC-transfusion (=10 units), n (%)
Platelet transfusion, n (%)
FFP transfusion, n (%)
Emergency patients
RBC transfusion, n (%)
RBC-transfusion (=10 units), n (%)
Platelet transfusion, n (%)
FFP transfusion, n (%)
Emergency/OC
RBC transfusion, n (%)
RBC-transfusion (=10 units), n (%)
Platelet transfusion, n (%)
FFP transfusion, n (%)
Emergency/LC
RBC transfusion, n (%)
RBC-transfusion (=10 units), n (%)
Platelet transfusion, n (%)
FFP transfusion, n (%)

398 (2.6) 242 (13)**
24 (0.2) 12 (0.6)**
42 (0.3) 21 (1.1)%*
132 (0.8) 98 (5.3)**
198 (1.6) 68 (6.5)**
9(0.1) 4 (0.4)*
17 (0.1) 2(0.2)
43 (0.3) 20 (1.9)%*
88 (7.1) 44 (15)%*
5(0.4) 1(0.3)
7 (0.6) 0(0.0)
17 (1.4) 13 (4.4)%*
110 (1.0) 24 (3.2)**
4 (0.0 3 (0.4)**
10 (0.1) 2(0.3)
26 (0.2) 7 (0.9)%*
200 (6.2) 174 (21)**
15 (0.5) 8 (1.0)
25 (0.8) 19 (2.3)**
89 (2.7) 78 (9.6)**
179 (11) 164 (26)**
14 (0.9) 8 (1.2)
23 (1.4) 19 (3.0)*
75 (4.6) 73 (11.4)%*
21 (1.3) 10 (5.8)**
1(0.1) 0 (0.0)
2(0.1) 0(0.0)
14 (0.9) 5 (2.9)*

*p=0.05-0.001, **p<0.001.

when compared to patients treated with a liberal BloT-
protocol (32). In addition, the IOB and BloTs have been
reported to decrease overall survival (OS) after surgical
resection of malignancies (33-42).

Papadoniou er al. (33) assessed 24 prognostic factors in
215 patients with locally advanced (unresectable) or
metastatic pancreatic adenocarcinoma (PaCa) and showed
that BloT was a significant predictive factor for poor survival
in univariate analysis (Log-rank test value=96.2, p<0.001).

Fujiwara et al. (34) investigated Glasgow prognostic score
(GPS) and BloTs in relation to post-operative complications in
66 patients with hepatocellular carcinoma (HCC) undergoing
HePa. The authors performed multivariate analysis and IOB
and GPS were independent risk factors for pulmonary
complications; (p=0.0118 for IOB, p=0.0143 for GPS), RBC

BloTs (p=0.0036 for IOB, p=0.0117 for GPS), and FFP BloTs
(»=0.002 for IOB, p=0.0044 for GPS). They concluded that
GPS predicted the preoperative status of HCC patients, and
IOB complications were reflected in the use of BloTs and
pulmonary complications in HePa of HCC patients.

Shiba et al. (35) studied a cohort of 65 colorectal cancer
(CRC) patients with liver metastasis, who underwent HePa
and found a negative impact of the BloTs on OS after HePa
in CRC patients. In univariate analysis, perioperative RBC
BloT (p=0.0205) and FFP BloT (p=0.0065) were positively
associated with a poor OS. In multivariate analysis, the FFP
BloT (p=0.0091) was an independent predictor for poor OS.
The authors concluded, that the use of FFP BloT is
associated with negative OS after elective HePa of CRC
patients with liver metastasis.
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Figure 1. A violin plot showing hemoglobin levels in cholecystectomy (Ccy) patients divided into two age groups. A) Elective versus emergency Ccy
patients <75 years old, B) Elective versus emergency Ccy patients =75, C) Laparoscopic cholecystectomy (LC) versus open cholecystectomy (OC)

patients <75 years old and D) LC versus OC patients =75 years old.

The same authors (36) evaluated perioperative IOB and
BloT in 82 PaCa patients and correlated the IOB/BloT results
with OS in PaCa patients. The FFP BloT was an independent
predictor of disease-free survival (DFS) in the Cox proportional
regression (CPR) model and FFP BloTs (p=0.003) were
positively associated with poor OS in the CPR model. The
authors concluded, that the FFP BloT is associated with a poor
therapeutic outcome after elective PaSurg for PaCa.

Iwase et al. (37) reported the results of post-operative
lymphocyte count (LyC) on the outcome of radical resection
in 34 patients with gallbladder carcinoma (GBC). They
found, that intraoperative BloT was negatively correlated
with DFS in univariate analysis (p=0.029) and the LyCs of
less than 1,000 counts/pl correlated significantly with high
levels of IOBs, and the need of BloTs. The study suggested
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that LyC measurement could help in the prediction of risk
for IOB and BloT and decision making in the postoperative
management of patients with GBC.

Yamamoto et al. (38) assessed the perioperative BloTs in
a cohort of 168 patients with HCC who underwent HePa.
They constructed a preoperative scoring system (SCORE) for
BloTs with four variables: platelet count <10x10%/mm3 (2
points), a-fetoprotein =80 ng/ml (1 point), tumor size =4.0
cm (1 point), and major hepatectomy (1 point). The SCORE
showed an area under the curve (AUC) of 0.76. Their
SCORE was highly predictive for BloTs and in HePa
patients the SCORE clearly improved the incidence of
perioperative BloTs in the following order; SCORE 3 or
more, SCORE 2, SCORE 1, and SCORE 0 (45%; 38%; 10%
and 3%, respectively). The study showed that SCORE would
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Figure 2. Percentages of cholecystectomy patients receiving red blood cell transfusions according to their American Society of Anesthesiologists
(ASA) physical status classification. A) Patients under 75 years. B) Patients aged 75 or more. Dots and numbers indicate the number of patients in

each group.

be useful for assessing the need for intraoperative BloTs
during HePa for HCC.

Kaneko er al. (39) assessed the impact of perioperative
allogeneic BloTs on survival in 108 elderly patients (=75
years) with CRC. Tumor depth, lymph node metastasis, and
Hb levels were significantly associated with perioperative
BloTs. The CRC patients with BloTs had significantly worse
OS compared to CRC patients who did not receive BloTs. In
the multivariate analysis, perioperative BloT (hazard
ratio=3.16, 95% confidence interval=1.11-8.98, p=0.031) was
the only independent predictor of OS. The authors concluded
that perioperative BloT was significantly associated with
increased mortality in elderly patients with CRC.

Tamagawa et al. (40) evaluated the long-term outcome of
122 patients with Borrmann type IV gastric cancer undergoing
curative resection at Yokohama University Hospital and
Kanagawa Cancer Center, Japan. They found that IOB was an
independent prognostic factor of OS (IOB <400 versus =400
ml, risk ratio 1.64; p=0.045). The authors concluded that the
control of IOB has a positive impact on the OS of patients
with curative resection for Borrmann type IV gastric cancer.

Collins et al. (41) investigated perioperative variables
associated with prolonged intensive care unit (ICU) stay
following cytoreductive surgery for 56 ovarian cancer
patients categorized according to length of ICU stay (<48 h,
37 patients versus =48 h, 19 patients). The duration of
operation, IOBs, and BloTs associated significantly with a

prolonged ICU stay, when the perioperative variables were
compared across the two study groups. They concluded that
the identification of possible perioperative risk factors and
the management of IOB will improve surgical planning and
help conserve ICU resources.

Watanabe et al. (42) studied the impact of IOB on DFS and
OS in 198 patients with locally advanced esophageal cancer
(EC), who underwent preoperative adjuvant chemotherapy and
curative resection as standard treatment. Both DFS and OS
were significantly worse in the high IOB EC patients than in
the low IOB EC patients. Furthermore, multivariate analysis
identified high IOB as an independent factor for predicting
poor RFES and OS. They concluded that controlling IOB is
important for patients with locally advanced EC.

However, there is lack of reports on the effects of IOB
complications and BloTs on the outcome of elderly Ccy
patients. Ccy is a more complex procedure in elderly Chole
patients, and consequently they may have enhanced risk for
IOB and BloT. This risk has not been reported earlier and
therefore this investigation is performed to assess whether
elderly Ccy patients have a higher risk for IOBs and BloTs
than younger Ccy patients. The elderly Ccy patients are more
likely to have chemical thromboprophylaxis than their
younger counterparts, which may increase the risk for IOB
following Ccy (15). The present study shows that elderly
Ccy patients have IOBs more often and both OC procedure
and emergency surgery increase this risk even further. Over

4453



ANTICANCER RESEARCH 44: 4449-4456 (2024)

20% of the elderly Ccy patients undergoing emergency LC
needed BloTs. This percentage increased to over 25% when
the procedure was converted from LC to OC. The suspected
complexity of emergency Ccy in elderly Chole patients (23)
may have influenced the surgeon’s decision to prefer OC
over LC in these patients.

Only a minority of the patients in this study exhibited
significant preoperative anemia, while guidelines recommend a
quite restrictive approach, with hemoglobin levels between 70
to 80 g/l (7 to 8 g/dl) indicating the need for RBC transfusions
(43, 44). The findings of the present study indicated that elderly
Ccy patients received BloTs rather frequently; however, only
one or two BloT units were usually administered. This may be
linked to the challenges faced by elderly Chole patients in
maintaining adequate hemodynamics during the Ccy.

Conclusion

A national registry of BloTs in surgery was established in
Finland to investigate and demonstrate the utilization of blood
components in different therapeutic procedures (24-30).
However, there is lack of studies assessing the role of IOB
complications leading to BloTs in elderly patients with Ccy,
which is one of the most common surgical procedure
performed in elderly patients. Therefore, the purpose of this
work was to investigate the IOBs and BloTs in a cohort of
17,412 Ccys in Finland. This study showed that elderly Chole
patients with Ccy have enhanced risk for IOB complications
and BloTs than their younger counterparts. Furthermore,
elderly Ccy patients had more often conversions to OC
surgery than younger Ccy patients.
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