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INTRODUCTION

Inventory management is necessary for blood banks to 
ensure an adequate supply of blood products, ensuring 
they meet patient needs promptly. This process involves 
monitoring the stock levels of various blood types and 
components, as well as keeping track of the shelf life of 

these blood products. Moreover, predicting the demand 
for transfusions is vital for effective and efficient blood 
product inventory management. For example, blood banks 
must maintain ample stocks of blood products due to the 
potential risk of emergency situations, such as massive 
bleeding during trauma or transplant surgery [1,2]. 

Kidney transplantation is a commonly performed oper-
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ation with a high success rate. The outcomes for patients 
undergoing kidney transplantation have been significantly 
enhanced due to advancements in surgical techniques, 
immunosuppressants, and postoperative care. The cur-
rent survival rate for transplant patients exceeds 90% 
after 1 year and 80% after 5 years [3]. As per the Organ 
Procurement and Transplantation Network statistics in 
the United States, the number of kidney transplants has 
seen a steady rise, from 17,728 cases in 2010 to 26,308 
cases in 2022 [4]. Similarly, the Statistical Yearbook of the 
National Organ Blood Management Service reports an in-
crease in the number of cases in Korea, from 491 to 677, 
during the same period [5]. 

Kidney transplant patients may require blood transfu-
sions to compensate for blood lost during the procedure 
[6]. The volume of blood loss can vary, often significantly, 
particularly if the patient has concurrent medical con-
ditions that hinder blood clotting. Patients receiving a 
transplant from a deceased donor may be at an increased 
risk of bleeding due to the organ preservation process 
[7,8]. Recently, however, the necessity for postoperative 
blood transfusions in kidney transplant patients has de-
clined, thanks to advancements in surgical techniques 
and blood preservation methods, such as the use of cell 
savers. Despite this, the current global blood shortage [9-
11] underscores the importance of having blood products 
readily available if needed. Given that kidney transplanta-
tion is a major surgery, the risk of substantial bleeding is 
always present. Our aim was to determine the frequency 
of blood transfusions in kidney transplant surgeries due 
to a lack of blood products, and to analyze the transfusion 
patterns in these patients. Additionally, we sought to in-

vestigate whether there has been a shift in these transfu-
sion patterns over time.

METHODS

We conducted this study in compliance with the principles 
of the Declaration of Helsinki. The study’s protocol was 
reviewed and approved by the Institutional Review Board 
of Hallym University Sacred Heart Hospital (IRB No. 2023-
01-021-002). Informed consent was waived due to the 
retrospective nature of this study.

Study Design and Data Collection
We conducted a retrospective descriptive study using 
10 years’ worth of data. The data were sourced from a 
blood bank that supports an 830-bed tertiary care aca-
demic hospital in Anyang, Korea. Our aim was to analyze 
perioperative transfusion patterns in patients undergoing 
elective kidney transplantation. To this end, we gathered 
data from all complement-dependent cytotoxicity-cross-
matching (CDC-XM) assays conducted between 2013 
and 2022, a span of 10 years. We reviewed transfusion 
records, including the number of blood products used 
and any adverse reactions to transfusion. To compare 
the transfusion and nontransfusion groups, we collected 
preoperative and postoperative laboratory findings. These 
included measurements for hemoglobin concentration, 
platelet count, international normalized ratio (INR), and 
activated partial thromboplastin time (aPTT). 

Statistical Analysis
Statistical analyses were conducted using SPSS ver. 25 
(IBM Corp.). The chi-square test was utilized to compare 
categorical variables. For continuous variables, we em-
ployed the Student t-test after verifying normality with the 
Shapiro-Wilk test. We used the Levene test to evaluate 
the equality of variance. A P-value of less than 0.05 was 
considered statistically significant.

RESULTS

Baseline Characteristics
Between 2013 and 2022, the CDC-XM test was adminis-
tered to 146 patients. The CDC-XM is a test that deter-

HIGHLIGHTS

•	It is essential for blood banks to maintain an acceptable 
level of blood product inventory due to the possibility of 
emergency cases.

•	Four patients were transfused intraoperatively, whereas 
eight patients were transfused postoperatively. There 
were fewer cases of significant transfusions in the sec-
ond half of the study period.

•	Most elective kidney transplantation procedures were 
completed without transfusions, and transfusions are 
now administered postoperatively rather than intraop-
eratively.
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mines a patient's donor-specific antibodies by reacting 
the donor's lymphocytes with the patient's serum prior 
to kidney transplantation [12]. After excluding duplicate 
results from repeated assays, 54 patients remained. We 
excluded patients who did not undergo kidney transplan-
tation surgery at our hospital. Ultimately, a total of 30 pa-
tients were included in this study (Fig. 1). 

The mean age of the patients was 48.07 years, with a 
standard deviation of 9.7 (Table 1). The ratio of males to 
females was 1.5:1. Upon analyzing the CDC-XM results, 
it was found that T cell CDC-XM results were all negative, 
while B cell CDC-XM positive results were observed in 
eight patients. Four patients received blood transfusions 
during surgery, eight patients received blood transfusions 
after surgery, and three patients received blood transfu-
sions during surgery and after surgery. Therefore, a total 
of nine patients received transfusion perioperatively. The 
average number of transfusion units (considering only red 
blood cells) per patient transfused during surgery was 2.5.

Laboratory Findings of the Patients
We divided the 30 patients into two groups: the transfu-
sion group (n=9) and the nontransfusion group (n=21) 
(Table 2). There were no instances of graft loss in either 
the transfusion or nontransfusion groups. One patient in 
the nontransfusion group passed away, with the cause of 
death being gastrointestinal bleeding. The preoperative 
levels of hemoglobin, platelet count, INR, and aPTT did not 
significantly differ between the two groups. The postop-
erative hemoglobin level in the transfusion group (8.9±1.3) 
was significantly lower than that in the nontransfusion 
group (10.4±1.2, P=0.005). The postoperative platelet 
count, INR, and aPTT levels did not show significant dif-

ferences between the two groups.

Analysis of Transfusion Events
From the transfusion group, leuko-reduced filtered red 
blood cells were the most frequently transfused intraop-
eratively, with six units, followed by fresh frozen plasma 

Table 1. Clinical characteristics of the patients analyzed in this study
Variable All patients (n=30)

Age (yr) 48.1±9.7
   ≤60 26 (86.7)
   >60 4 (13.3)
Sex
   Female 12 (40.0)
   Male 18 (60.0)
CDC crossmatch
   T cell positive 0
   B cell positive 8 (26.7)
   All negative 22 (73.3)
Transfusion history
   Transfusion 9 (30)
   No transfusion 21 (70)

Values are presented as mean±standard deviation or number (%). 
CDC, complement-dependent cytotoxicity.

146 CDC-crossmatch
assay lists during

2013 2022

30 Patients included in
this analysis

Excluded duplicates in case of
repeated assay

Excluded for patients who did not
undergo kidney transplantation

54 CDC-crossmatch
patients

Fig. 1. Flow diagram of the included patients. CDC, complement-depen-
dent cytotoxicity.

Table 2. Laboratory findings of the kidney transplantation patients
Variable Non-TF group TF group P-value

Total 21 (70) 9 (30) -
All-cause mortality 1 0 -
Graft survival 21 9 -
Laboratory findings
   Hb
      Preoperative 11.78±1.81 11.18±1.97 0.422
      Postoperative 10.40±1.20 8.90±1.30 0.005
   PLT
      Preoperative 196.81±84.85 188.89±90.82 0.820
      Postoperative 173.10±66.43 156.11±80.78 0.552
   INR
      Preoperative 1.00±0.16 0.96±0.12 0.433
      Postoperative 1.12±0.14 1.17±0.22 0.461
   aPTT
      Preoperative 42.53±14.34 44.67±12.46 0.703
      Postoperative 40.48±13.43 44.57±26.10 0.585
Values are presented as number (%) or mean±standard deviation.
TF, transfusion; Hb, hemoglobin; PLT, platelet; INR, international normalized 
ratio; aPTT, activated partial thromboplastin time.
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with three units. Postoperatively, eight units of leuko-re-
duced filtered red blood cells were transfused, along with 
three units of fresh frozen plasma. The study period was 
divided into two halves according to the time of operation: 
the first half (n=15) and the second half (n=15). In the first 
half, seven out of 15 patients received a blood transfu-
sion, while in the second half, only two out of 15 patients 
received a transfusion. There were significantly more 
transfusions in the first half of the period (P=0.046). Upon 
analyzing the transfusion records for both intraoperative 
and postoperative transfusions throughout the entire 
study period, no reports of adverse transfusion reactions 
were found.

DISCUSSION

Previous studies on kidney transplantation and transfu-
sion have primarily concentrated on immune responses. 
Prior to the advent of immunosuppressants, blood trans-
fusion was thought to have suppressive effects on vari-
ous aspects of the immune system [13]. As such, blood 
products were transfused to patients in the hope that they 
would act as immunomodulators during transplantation 
surgeries. However, later studies revealed that transfusion 
actually increases the likelihood of sensitization to human 
leukocyte antigens, which can complicate transplantation 
[14]. To mitigate the risk of alloimmunization, it is now ad-
vised that blood transfusion be judiciously considered in 
the preoperative management of patients awaiting kidney 
transplantation [15]. Furthermore, the demand for blood 
transfusion following kidney transplantation has de-
creased due to advancements in surgical techniques and 
the implementation of blood conservation methods such 
as a cell-saver.

Despite concerted efforts to minimize blood trans-
fusion during transplant surgeries, it remains crucial to 
have blood components readily available should they be 
required. Blood banks grapple with daily challenges, not 
only due to the constant need to prepare for emergen-
cy situations like unexpected massive bleeding during 
surgery, but also because chronic blood shortages are 
becoming increasingly common. This shortage of blood 
is a global issue, and it is a critical concern that needs to 
be addressed in Korea. As of September 2022, 17.8% of 
the Korean population is over 65 years old. The significant 
decrease in the blood donor population, largely due to 

demographic changes, poses a major problem for Korean 
society [16]. In such a scenario of blood shortage, it be-
comes necessary to accurately forecast the transfusion 
demand for major surgical procedures, such as kidney 
transplantation. 

The maximum surgical blood order schedule (MSBOS) 
is a forecasting strategy designed to reduce unnecessary 
presurgical blood orders and associated costs in blood 
banks [17]. The MSBOS is calculated based on intraop-
erative blood usage over a previous period within each 
institution. In our study, a total of 10 units of red blood 
cell products were transfused intraoperatively into four 
patients, with the mean transfusion units per patient be-
ing 2.5. According to a previous study by Park et al. [18] 
in Korea, the number of patients receiving transfusions 
during kidney transplantation was 0.8%, with the mean 
units per transfused patient being 2.0. Consequently, the 
MSBOS for kidney transplantation was set at 2.0 [18]. 
Another study on MSBOS setting in the United States rec-
ommended that the number of crossmatching units pre-
pared before kidney transplantation surgery should be set 
at 2.0 red blood cell units. The amount of blood products 
that can be transfused is expected to vary depending on 
the size of the institution, its infrastructure, the severity 
of the patients' conditions, and other factors. However, 
blood usage during kidney transplant surgery has shown 
a similar pattern.

The analysis of transfusion times revealed a shift from 
intraoperative to postoperative. It appears that the advent 
of patient blood management, coupled with advance-
ments in surgical techniques, has influenced the pattern 
of blood transfusions before and after surgery. Depending 
on the timing, perioperative transfusions can be catego-
rized as preoperative, intraoperative, or postoperative. The 
goal of perioperative transfusions is to maintain cardiac 
output volume support, enhance hemostasis, and boost 
oxygen-carrying capacity [19]. In the preoperative phase, 
laboratory tests were conducted to identify any underly-
ing anemia in patients [20]. It is crucial to address the root 
cause of anemia before proceeding with surgery. During 
surgery, pharmacological treatments such as tranexamic 
acid and epsilon aminocaproic acid were administered 
to minimize perioperative blood loss. Other topical he-
mostatic agents, like fibrin sealant, were also utilized to 
aid in blood clotting [21]. In the postoperative phase, it is 
essential to continue efforts to prevent coagulopathy and 
reduce the risk of bleeding. To avoid iatrogenic anemia, 
blood samples should only be drawn when absolutely 
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necessary. This study found that blood transfusions were 
significantly less frequent in the latter half of the analysis 
period compared to the first half. While this study does 
not analyze patient blood management, it seems to yield 
intriguing results.

This study has some limitations. The amount of trans-
fusion required during surgery can vary depending on the 
severity of the patient's condition. However, this study 
only compared laboratory findings. A more robust analy-
sis might be possible if factors such as estimated blood 
loss, surgery duration, prognosis, and patient severity 
are taken into account. Furthermore, this study's scope 
is limited due to the small patient sample from a single 
institution, which restricts the confirmation of statistical 
significance. The findings of this retrospective study may 
not be applicable to other hospitals with different blood 
bank policies and patient demographics, as it only inves-
tigated a single tertiary care center. Conducting retro-
spective multi-center research could potentially address 
these generalization concerns. 

In our study, we found that most elective kidney trans-
plantations were performed without the need for a blood 
transfusion. Furthermore, when transfusions were neces-
sary, the timing typically shifted from the intraoperative 
to the postoperative phase. The incorporation of patient 
blood management principles and advancements in sur-
gical techniques seem to have significantly influenced 
this transfusion trend during the perioperative period. 
Blood transfusions are now administered with greater 
care and consideration, contributing to improved patient 
recovery and exemplifying the increasing precision in 
medical practice.
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