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Background: The selective leukoreduction protocol (SLP) is limited in that patients who
require it can be overlooked. We estimated SLP compliance (SLPC) using the Observa-
tional Medical Outcomes Partnership common data model (CDM).

Methods: Patients were classified into eight groups: pre- and post-hematology disease (A
and B), pre- and post-solid organ transplantation (C and D), solid cancer (E), immunode-
ficiency (F), anticancer therapy (G), and cardiovascular surgery (H). We examined the red
blood cell (RBC) transfusion history from three hospital datasets comprising approximately
three million patients over 20 years using CDM-based analysis. SLPC was calculated as
the percentage of patients who received only leukoreduced RBCs in total patients trans-
fused RBCs.

Results: In total, 166,641 patients from three hospitals were enrolled in this study. From
2001 to 2021, SLPC in all groups, except H, tended to increase, although there were dif-
ferences among the hospitals. Based on the most recent values (2017-2021), the SLPC
in groups A, B, D, and G was maintained at >75% until 1,095 days before or after diag-
nosis or treatment. Groups E, F, and H had < 50% SLPC one day after diagnosis and treat-
ment.

Conclusions: CDM analysis supports the review of large datasets for SLPC evaluation. Al-
though SLPC tended to improve in most patient groups, additional education and monitor-
ing are needed for groups that continue to show low SLPC.
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INTRODUCTION

reactions (FNHTRs) [1]. Universal leukoreduction (ULR) is a

routine leukoreduction of all units of blood components prior to

Reduction of residual allogeneic leukocytes in transfused blood
components is desirable to prevent HLA alloimmunization, plate-
let refractoriness, cell-associated pathogens, such as cytomega-
lovirus (CMV) transmission, and febrile nonhemolytic transfusion
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storage or transfusion [2]. Several countries, including France,
Germany, and England, have implemented ULR. In other coun-
tries, such as Korea and the United States, ULR adoption has
been delayed because of economic issues. Instead, they ad-

www.annlabmed.org 187


http://crossmark.crossref.org/dialog/?doi=10.3343/alm.2021.41.1.#&domain=pdf&date_stamp=2020-08-##

ANN
LAB
MED

opted selective leukoreduction protocols (SLPs) for patients con-
sidered to be at the greatest risk of experiencing adverse effects
associated with the presence of leukocytes in blood components
[2]. In Korea, National Health Insurance benefit criteria for se-
lected patient populations (including patients who had a FNHTR,
hematological disease, solid cancer requiring repeated platelet
transfusions, previous or planned solid organ transplant, or car-
diac disease, or are aged <1 year or immunocompromised)
were announced in 2008 and revised in 2016. However, in Ko-
rea, leukoreduced (LR) RBCs (LRRBCs) accounted for 18.6%
of total RBCs transfused in 2012 [3], whereas in the United
States, LRRBCs accounted for 84% of whole blood/RBCs trans-
fused in 2011 [4].

SLP is limited in that patients who require it can be overlooked.
For example, in a trial to reduce alloimmunization to platelets,
85% of patients who received transfusion two weeks before trial
entry were transfused with non-LR (NLR) blood [5]. However,
there was no report of how many patients were overlooked among
those who met the criteria for using LR blood components, be-
cause it is difficult to review large numbers of medical records
for various patient groups. Recently, the common data model
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(CDM) has been used to review large datasets from multiple in-
stitutions [6]. A CDM is an informational model that allows the
transformation of data contained in different databases to a com-
mon format, in which all coding and vocabulary are prespecified
and standardized [7]. The Observational Medical Outcomes Part-
nership (OMOP) is an international collaboration that aims to
create and apply open-source data analytic solutions to a large
network of health databases [8]. In 2021, an OMOP-based CDM
database was established in four institutions of Soonchunhyang
Medical Center (Fig. 1). We aimed to estimate SLP compliance
(SLPC) in three medical institutions in Korea using the CDM da-
tabase analysis method.

MATERIALS AND METHODS

Data curation

The three hospitals belonging to the Soonchunhyang Medical
Center (Soonchunhyang University Bucheon Hospital [SCHBCI,
Soonchunhyang University Cheonan Hospital [SCHCAI, and
Soonchunhyang University Seoul Hospital [SCHSU]) used a
single electronic medical record (SU-III, Dongeun Information

Electronic health records from three institutes
: Diagnostic code or Prescription code

Example: Code_Name

Soonchunhyang University Hospital,
Bucheon

Soonchunhyang University Hospital,
Cheonan

Soonchunhyang University Hospital,
Seoul

« The tertiary hospital in Bucheon,
Gyeonggi-do, Korea

+ 989 beds (in 2020)

« Period: 2001/02—2021/05

« Patients: 1,301,117

« The tertiary hospital in Cheonan,
Chungcheongnam-do, Korea

+ 964 beds (in 2020)

« Period: 2006/06-2021/05

- Patients: 987,701

- The secondary hospital in Seoul,
Korea

+ 789 beds (in 2020)

« Period: 2003/05-2021/05

+ Patients: 1,098,041

4

Korean standard classification of diseases
or

)

Standard code of common data model
: SNOMED, RxNorm, CPT4, LOINC etc.

Electronic data interchange codes of national insurance

(£921.003.01_Chronic myelogenous
leukemia, blastic crisis
(£921.003.02_Chronic myelogenous
leukemia, chronic phase

X2021000_Packed RBC 320 mL
X2022000_Packed RBC 400 mL

. <

(92.1_Chronic myeloid leukaemia,
BCR/ABL-positive

T 2 2)

X2021_Packed RBC 320 mL
X2022_Packed RBC 400 mL

¥

92818009_Chronic myeloid leukemia

T )

W

4323715_Transfusion of packed red
blood cells )

Fig. 1. Overview of the data from the three hospitals uploaded to the CDM database and examples of the data conversion process.
Abbreviations: CDM, common data model; RBC, red blood cell; SNOMED, systematized nomenclature of medicine; ICDO3, International Classification of
Diseases for Oncology, 3rd edition; CPT4, current procedural terminology fourth edition; LOINC, logical observation identifier names and codes.
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Technologies, Bucheon, Korea), converted into CDM format da- 02, respectively) using FEEDER-NET (https://feedernet.com) by
tasets (SCHBC_5.3.1_01, SCHCA_5.3.1_02, and SCHSU_5.3.1_  EvidNet (Seongnam, Korea). Therefore, data quality review was

Table 1. Classification and description of medical records uploaded to the CDM database

Description of medical records uploaded to the CDM database

Classification

Definition Data source Mapping vocabulary
Condition Diagnosis and symptom of the patient KCD7 SNOMED, ICD03
Device Domains containing materials or instruments used for diagnostic or Treatment material EDI code SNOMED

therapeutic purposes; surgical materials, suture materials, crutches,
syringes, artificial joints, dental materials, etc.

Drug Oral medicine, injections, external medicine, etc. Drug price EDI code RxNorm, RxNorm extension, CVX

Procedure Domains that include actions for diagnostic or therapeutic access; Medical procedure price EDI code SNOMED, CPT4, HCT4, HCPCS, ICD10PCS,
surgery, education, physical therapy, CT, X-ray, ultrasound, endoscopy, etc.
etc.

Measurement  Testing records with structured results, including blood tests and vital Institutional test code LOINC, SNOMED, CPT4, HCPCS, etc.
signs

Abbreviations: CDM, common data model; KCD, Korean Standard Classification of Diseases; SNOMED, systematized nomenclature of medicine; ICDO3, In-
ternational Classification of Diseases for Oncology, 3rd edition; EDI code, electronic data interchange codes of national health insurance; CVX, vaccine ad-
ministered; CPT4, current procedural terminology fourth edition; HCPCS, healthcare common procedure coding system; ICD-10-PCS, International Classifi-
cation of Diseases 10th Procedure Coding System; LOINC, logical observation identifier names and codes.

e Setting the concept for patients group and RBC transfusion e Setting cohort entry event definition and inclusion criteria

SCHBC

.......

MO | incluced Concepts @ | | Included Source Codes | | Explore Evidence || Export || Compare

P OHDSI

NLRRBC transfusion data generation using COM

SCHBC

......................

G SLPC calculation in preSOT group for a year
SLPC (%)=100-(65/120)x 100=45.8

Fig. 2. Calculation process of SLPC using the CDM analysis program. (A) Setting the concept for patients group and RBC transfusion, (B)
setting cohort entry event definition and inclusion criteria, (C) NRRBC and/or NLRRBC transfusion data generation using CDM, (D) NLR-
RBC transfusion data generation using CDM, and (E) SLPC calculation in preSOT group for a year.

Abbreviations: SLPC, selective LR protocol compliance; LR, leukoreduced; RBC, red blood cell; CDM, common data model; LRRBC, LR RBC; NLRRBC,
non-LR RBC; SOT, solid organ transplantation.
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omitted. The datasets were analyzed using ATLAS version 2.7.2
(https://github.com/OHDSI/Atlas). Table 1 lists the source and
mapping terms of the medical records uploaded to the data-
base. The data collection period for each database is indicated
in Fig. 2. This study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki (2013). The Institutional Re-
view Board of SCHBC waived the approval of this study (file no.
2022-01-011) because we used de-identified data (Table 1, Fig.
2) [91.

Population definition

Patients were classified into eight groups according to the Min-
istry of Health and Welfare notice on leukoreduction: pre- and
post-hematology disease (A and B), pre- and post-solid organ
transplantation (SOT) (C and D), solid cancer (E), immunodefi-
ciency (F), anticancer therapy (G), and cardiovascular surgery
(H). The initial occurrence of at least one of the Korean Stan-
dard Classification of Diseases (KCD) or electronic data inter-
change (EDI) codes in each group was defined as a cohort entry
event, and repeated codes for the same patient were excluded.
The following data sources and codes were used to define each
group: A and B (KCD7): C90-96 and D61; C and D (EDI): R3280,
Q8040, Q8042, Q8046-8049, and Q8140; E (KCD7): CO0-26,
C30-34, C37-46, C48-58, C60-78, C80-88, and C97; F (KCD7):
B20-24, D80-84, and D86; G (KCD7): Z51.0-51.2; H (EDI):
01890, 01640-1644, 01646, 01648, 01649, 00162-0174,
01671-1672, 01690, 01701, 01701, 01710, 01711, 01721,
01722, 01750, 01770, 01781-1783, 01791-1798, 01799,
01800, 01810, 01821-1823, 01825, 01830, 01841, 01843,
01844, 01861, 01875, and 01878.

Each group was analyzed independently. For example, if a
patient diagnosed as having kidney cancer (C64, malignant
neoplasm of the kidney, except the kidney pelvis) received anti-
cancer therapy (Z51.1, chemotherapy session for neoplasm) a
month later and a kidney transplant (R3280, kidney transplan-
tation) 10 years later, the patient was entered into groups E (on
the date of the initial diagnosis of kidney cancer), G (on the date
of initial chemotherapy), and C and D (on the date of kidney
transplantation). However, if the patient received a kidney trans-
plant again after 5 years, the re-transplantation patient was not
entered into groups C and D. The observation times were set to
1,7,30,90, 180, 365, 730, and 1,095 days after the entry event
occurred.

Statistics
SLPC was calculated as the percentage of patients who received
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only LRRBCs in total patients transfused RBCs. At each time
point, the number of patients who received all types of RBCs
was counted. SLPC was calculated as follows:

No.of patients exposed to NLRRBC 100
No.of patients with LRRBC and/or NLRRBC transfusion

SLPC (%)=100 -

For example, in the pre-SOT group, the numbers of patients
who received LRRBC and NLRRBC transfusions at least once
during the year prior to SOT surgery were obtained through the
CDM, and SLPC was calculated (Fig. 2). Differences in percent-
ages between the three institutions were analyzed using a linear-
by-linear association test and the chi-square test. All statistical
analyses were performed using IBM SPSS Statistics version 22.0
(IBM Corporation, Armonk, NY, USA). All tests were two-tailed,
and statistical significance was set at P<0.05.

RESULTS

In total, 166,641 patients, including 65,856 in SCHBC, 57,346
in SCHCA, and 43,439 in SCHSU, were enrolled. The numbers
of patients in each group (SCHBC, SCHCA, and SCHSU) were
as follows: group A: 1,242, 974, and 656; group B: 1,373, 1,065,
and 697; group C: 247, 76, and 208; group D: 247, 76, and
209; group E: 48,305, 41,595, and 30,573; group F: 1,413, 979,
and 2,827; group G: 12,039, 12,358, and 7,760; group H: 990,
223, and 509.

SLPC for each patient group at the three institutions is shown
in Fig. 3. In groups A and B (pre- and post-hematology disease),
SCHBC and SCHSU recently showed >75% SLPC over 1,095
days. Although SCHCA recently had a section with an SLPC <75%,
it has shown a trend of gradual improvement. In group C (pre-
SOT), SCHSU recently showed >50% SLPC up to 1,095 days
prior to transplantation. Although SCHBC showed an improving
trend, the SLPC was <50% after 180 days of SOT. The SLPC of
SCHCA was still low, at <25%. In group D (post-SOT), SCHBC
and SCHSU recently showed >75% SLPC up to 1,095 days af-
ter transplantation, whereas SCHCA showed <50% SLPC. Group
E showed <50% SLPC in all three institutions but gradually im-
proved. In group F, SCHCA recently showed an SLPC >50%,
whereas the other two institutions showed an SLPC <50%. In
group G, SCHBC recently showed >75%, SCHSU approximately
75%, and SCHCA approximately 50% SPCL, which gradually
improved. In group H, only SCHCA recently showed >50% SLPC,
whereas SCHSU and SCHBC showed <25% SLPC.

Recently, SLPC of SCHCA was 50% lower in groups C and D
and 50% higher in group H than those of SCHBC or SCHSU. In
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Fig. 3. Cumulative SLPC change before hematology disease diagnosis (A), after hematology disease diagnosis (B), before SOT (C), after
SOT (D), after solid cancer diagnosis (E), after immunodeficiency diagnosis (F), after anticancer therapy (G), and after cardiovascular sur-
gery (H) in patient groups exposed to NLRRBCs in SCHBC, SCHCA, and SCHSU from 2001 to 2021. SLPC was calculated as the percent-
age of patients who received only leukoreduced RBCs in total patients transfused RBCs.

Abbreviations: SLPC, selective LR protocol compliance; LR, leukoreduced; SOT, solid organ transplantation; NLRRBCs, non-LR red blood cells; SCHBC,
Soonchunhyang University Bucheon Hospital; SCHCA, Soonchunhyang University Cheonan Hospital; SCHSU, Soonchunhyang University Seoul Hospital.

these three institutions, only kidney and liver transplantations
were performed among the SOT procedures. Before and after
transplantation, SLPC in the liver transplant patient group dif-
fered significantly among the three institutions at all time points,
but the kidney transplant patient group did not show a signifi-
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(Continued to the next page)

cant difference at any time point (Fig. 4A-D). Group H was clas-
sified as neonates and non-neonates of 1 year. Cardiovascular
surgery in neonates was performed only at SCHBC and SCHCA,
showing significant differences in SLPC at all time points (Fig.
4E). As for non-neonates, the only significant difference between
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Fig. 3. Continued

institutions was at 730 days after surgery (P=0.02) (Fig. 4F).

DISCUSSION

LR blood components are recommended to reduce the risk of
FNHTR, transfusion-mediated CMV infection, and HLA alloim-
munization [10, 11]. NLRRBC transfusion in patients subjected
to SLP can be considered for reporting to the hemovigilance sys-
tem as a prescription error of inappropriate blood components.
However, passive surveillance is limited by underreporting [6,

192 www.annlabmed.org

—s— SCHBC

12], and NLRRBC transfusion has never been reported as a
prescription error in the three institutions involved this study. We
adopted CDM analysis to evaluate the success rate of SLP using
real-world data. The traditional method of reviewing medical re-
cords is labor-intensive and prone to human error [13]. To eval-
uate SLPC of several groups, including patients not yet recog-
nized as having an indication of SLP requirement, we analyzed
the medical records of 166,641 patients from three institutions
over 20 years, which would be impossible without CDM analy-
sis. Our findings confirm the applicability of CDM analysis to
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Fig. 4. Subgroup analysis of SLPC in (A) pre-liver, (B) pre-kidney, (C) post-liver, and (D) post-kidney transplantation subgroups of SOT and

(E) neonate and (F) non-neonate subgroups of cardiovascular surgery.

*Cardiovascular surgery for neonates is not performed at SCHSU.

Abbreviations: SLPC, selective LR protocol compliance; SOT, solid organ transplantation; SCHBC, Soonchunhyang University Bucheon Hospital; SCHCA,
Soonchunhyang University Cheonan Hospital; SCHSU, Soonchunhyang University Seoul Hospital.

transfusion safety and suggest the possibility of future CDM-
based distributed network research using transfusion prescrip-
tion data [14, 15].

The hematology disease and solid cancer patient groups, which
are expected to receive platelet transfusions, require continuous
leukoreduction, unless the underlying disease is resolved. In
SCHBC, in the hematology disease group, SLPC was >75% in
the 3 years before and after diagnosis (Fig. 3A and B), whereas
in the solid cancer group, it was <50% (Fig. 3E). In contrast, in
the anticancer therapy group, including both hematological dis-
ease and solid cancer patients, SLPC was >50% (Fig. 3G). Two
possibilities can be considered to explain this difference. First,
because solid cancer surgery is performed by surgical staff and
chemotherapy by internal medicine staff, the difference may re-

https://doi.org/10.3343/alm.2023.43.2.187

sult from a different understanding in the medical staff. Second,
it is possible that there was no SLP indication because platelet
transfusion was not required for patients with solid cancer.

SOT candidates should avoid transfusion but should apply for
LR blood if transfusion is unavoidable [16]. As HLA antibodies
are closely related to kidney transplantation prognosis [17], we
expected SLPC to be higher in kidney transplant patients than
in liver transplant patients. However, as shown in Fig. 4A and B,
SLPC was slightly higher in the pre-liver transplant subgroup
than in the pre-kidney transplant subgroup. The longer trans-
plant waiting period and more transfusion requirements in kid-
ney transplantation may be one reason for the difference. After
the SOT period, SLPC in kidney transplant patients was lower
than that in liver transplant patients (Fig. 4C and D). In SCHBC,
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RBC transfusion preparation before kidney transplant surgery is
unusual, whereas liver transplant surgery adapted a blood prep-
aration protocol that includes six units of pre-LRRBC, LR plate-
lets, and fresh-frozen plasma. Recently, protocol changes have
been proposed as blood transfusions in liver transplant patients
have decreased; however, this protocol seems to have at least
the effect of preventing NLRRBC exposure in the liver transplant
group.

Since the leukoreduction indication of newborns was presented,
the blood banks of the three institutions released LRRBC to all
neonates <1 year of age. In the cardiovascular surgery group
(Fig. 4E and F), SLPC in neonates at SCHCA and SCHBC was
100% and 75%, respectively. It is presumed that this is because
the leukoreduction indication was announced as <4 months of
age in 2008 and was changed to <1 year of age in 2016. How-
ever, as the CDM analysis module used in this study, ATLAS, can
only distinguish patient age, it was impossible to determine whe-
ther neonates transfused with NLRRBC were 4 months to 1 year
of age.

LR blood transfusion is recommended to reduce ischemia-re-
perfusion injury in patients who have undergone cardiopulmo-
nary bypass and postoperative morbidity and mortality in patients
with cardiovascular diseases [18]. Leukocyte reduction filters
connected to the cardiopulmonary bypass circuit (arterial line
filter) are widely used in cardiovascular surgery, and the leuko-
cyte removal rate reportedly is 96.8% [19]. However, the arterial
line filter did not affect the results of this study on leukocyte ex-
posure because it was not used in the three institutions.

Although the CDM analysis used in this study is useful for re-
viewing large datasets, it has several limitations. First, as only
KCD and EDI code data were uploaded, the available data were
limited. Accordingly, the main indications for SLP, such as exo-
thermic non-blood transfusion abnormalities, could not be ana-
lyzed because there was no KCD code. Second, medical infor-
mation, such as the diagnostic records of other institutions, can-
not be used in the analysis of the CDM database for each insti-
tution. If CDM databases containing national information, such
as National Health Insurance or Health Insurance Review and
Assessment service, are used, this limitation may be overcome
[20, 21]. Third, SLPC might be determined by the attending phy-
sicians’ preferences and/or awareness of the use of LR blood. In
CDM version 5.3 used in this study, provider identification infor-
mation of procedures, such as transfusion, can be uploaded to
the database. However, these data were not uploaded to our
CDM database; therefore, differences between physicians could
not be analyzed.
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In summary, to protect patients from the adverse effects of al-
logeneic leukocytes, continuous efforts are essential to recognize
the limitations of the SLP and to improve compliance. Using
CDM analysis, we showed that SLPC was low even in patients
who qualified for leukoreduction. Although compliance tended
to improve in most groups in recent years, additional education
and monitoring are needed for groups for which SLPC remains
low, such as patients with solid cancer, immunodeficiency, or
cardiovascular surgery.
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