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most studies are based on audits or surveys. The aim of this study was to pro-

Methods: We conducted a register based retrospective cohort study with data
on all adult patient admissions from 82 of 84 Swedish ICUs between 2010 and
2018, as recorded in the Swedish Intensive Care Register. Transfusions were
obtained from the SCANDAT-3 database. Descriptive statistics were computed,
characterizing transfused and nontransfused patients. The distribution of blood
use comparing different ICUs was investigated by computing the observed pro-
portion of ICU stays with a transfusion, as well as the expected proportion.

Results: In 330,938 ICU episodes analyzed, at least one transfusion was
administered for 106,062 (32%). For both red-cell units and plasma, the fraction
of patients who were transfused decreased during the study period from 31.3%
in 2010 to 24.6% in 2018 for red-cells, and from 16.6% in 2010 to 9.4% in 2018
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1 | BACKGROUND

Intensive care unit (ICU) patients are transfused with
blood products for a number of reasons, from massive
ongoing hemorrhage, to mild anemia following extensive
blood sampling combined with bone marrow depression
due to critical illness. Red-cell transfusion rates vary con-
siderably between different ICUs."

While the availability of blood products in most West-
ern countries is sufficient, there are strong incentives to
reduce transfusion rates since transfusion exposes
patients to specific infectious,” immunological and non-
immunological risks,>* as well as nonnegligible cost.” In
addition, evidence from large, multi-center trials supports
a more conservative red-cell transfusion practice for criti-
cally ill patients.*” Still, there is a concerning paucity of
data on how ICU patients are transfused. Moreover,
available data is often based on audits or surveys and was
generally collected more than a decade ago.®'' Red-cell
transfusion rates seem to vary greatly between different
ICU units."”"® Among such studies, the SAFE-TRIPS
study from 2007 demonstrated a significant residual vari-
ability in transfusion rates between 391 ICUs in 25 coun-
tries, even after adjusting for a range of predictive factors.
Among included centers, the 24 reporting Swedish ICUs
were found to have the most liberal transfusion practice,
with an odds ratio of 4.99 for administering blood prod-
ucts, compared with the country with the lowest transfu-
sion rate.'® For plasma and platelet transfusion patterns,
most studies have been small, with data from few or sin-
gle centers, yielding studies with low external validity.
Nonerythrocyte transfusions often lack clear indications,
with unexplained practice variation.">™"”

In light of these findings, we hypothesized that trans-
fusion practice across Sweden would vary independently
of case-mix. This nationwide descriptive study of transfu-
sion practice in Swedish ICUs tests this hypothesis, com-
bining data from the Scandinavian Donations and
Transfusions (SCANDAT3-S) database,'® with data from
the Swedish Intensive Care register (SIR)."

for plasma. After adjusting for a range of factors, substantial variation in trans-
fusion frequency remained, especially for plasma units.

Conclusion: Despite continuous decreases in utilization, transfusions remain
common among Swedish ICU patients. There is considerable unexplained vari-
ation in transfusion rates. More research is needed to establish stronger critiera
for when to transfuse ICU patients.

critical care, epidemiology, intensive care, transfusion

2 | METHODS
2.1 | Setting, data sources, and record
linkages

Sweden has a decentralized, almost entirely publicly
financed health care system, organized in 21 regional
councils. The complete range of blood services, from
blood collection to component manufacture and han-
dling, are also part of the public health care system. All
inhabitants of Sweden are assigned a unique national
registration number (NRN) which is used in all health
care contacts, as well as in contacts with other public
agencies, thus enabling the linkage of data from different
sources, with little or no loss of data.?®

Our study was based on all adult patient admissions
recorded in the Swedish Intensive Care Register between
January 1, 2010 and July 1, 2018."° Patients below age
18 were excluded. The SIR is nearly nationally complete,
currently receiving data from all but two of Sweden's
84 ICUs. The register records a variety of details for patients
treated in ICUs, including patient identity, demographics,
indication for ICU care, baseline disease severity (expressed
using the Simplified Acute Physiology Score 3 [SAPS3]
score), time of death during ICU stay, as well as diagnoses
(coded using the international classification of diseases,
10th revision [ICD-10], and procedures (coded using the
Nordic Classification of Surgical Procedures). ICUs were
broadly classified into five groups: ICUs in university hospi-
tals, ICUs in regional hospitals, ICUs in county hospitals,
neurosurgical ICUs, and cardiothoracic ICUs. Patients
treated in pediatric ICUs and one extracorporeal membrane
oxygenation (ECMO) ICU were excluded.

All linkages were done by technical personnel at the
Swedish National Board of Health and Welfare, a govern-
ment agency responsible for maintaining a range of
health data registers. Vital status through December
31, 2018 was ascertained through linkage with a nation-
ally complete, continuously updated database kept by the
Swedish Tax Agency. After record linkages, all data were
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de-identified by replacing NRNs with random serial num-
bers and transferred to Karolinska Institutet. After the
two, now linked databases had been received, data
underwent rigorous cleaning and were fitted into a rela-
tional database for further analysis.

The ICU register has been found to have a high level
of completeness. Using NRNs, the ICU register data was
linked with the Swedish portion of the third iteration
of the Scandinavian Donations and Transfusions
(SCANDATS3-S) database, providing data on all blood
transfusions, including red-cell, plasma and platelet units,
administered in conjunction with the ICU stay. Transfu-
sions considered included units administered from the
start of the day of admission until the time of discharge
from the ICU. In addition to data on administered transfu-
sions, the SCANDAT3-S database also provided ABO
blood group data. Details about the SCANDAT3-S data-
base have been published previously.'®

Both the ICU register and the SCANDAT3-S database
contain data on individuals without a known identifica-
tion, registered using so-called reserve ID:s. Use of these
IDs is typically maintained throughout a hospitalization,
allowing the tracking of patients despite not knowing
their NRN, or them not having NRNs. The two registers
were also linked for patients with reserve IDs.

2.2 | Classification of indication for
intensive care

As the classification of primary indication for intensive
care in the ICU register had changed during the study
period, we derived an alternative classification based on
ICU admission diagnoses. The classification was designed
to categorize patients into 16 broad groups: airway, respi-
ratory, circulatory, metabolic/endocrine, infection, hema-
tologic disease, intoxication, kidney failure, liver failure,
neurosurgery, neurological diagnosis, obstetric, trans-
plant surgery, other surgery, trauma, and other indica-
tions. We aimed to capture the most common indications
for intensive care, but as more than 2500 different ICD-
10 codes were used in the register, the classification sys-
tem was nonexhaustive, assigning 95% of all diagnoses
used into one of the categories and the remainder into an
“other” category. See details in Tables S1 and S2.

2.3 | Statistical analyses
We first computed descriptive statistics for all ICU epi-

sodes, treating each ICU admission as a separate episode,
allowing patients to contribute multiple episodes.

TABLE 1 Characteristics of ICU admissions, presented overall, and stratified by transfusion status

Overall Transfused Nontransfused
Number of ICU admissions (% of total) 351,598 (100) 107,090 (30) 244,508 (70)
.. with correct NRN, N (%) 330,938 (94) 106,062 (99) 224,876 (92)
... of whom unique persons® 239,406 86,419 174,295
Sex, N (%)
Female 138,123 (42) 43,721 (41) 94,402 (42)
Male 192,815 (58) 62,341 (59) 130,474 (58)
Age at admission, N (%)
18-29 years 28,420 (9) 4320 (4) 24,100 (11)
30-49 years 50,528 (15) 11,259 (11) 39,269 (17)
50-64 years 78,027 (24) 24,956 (24) 53,071 (24)
65-80 years 127,413 (39) 48,673 (46) 78,740 (35)
>80 years 46,550 (14) 16,854 (16) 29,696 (13)
Median (IQR) 66 (51-75) 69 (59-77) 64 (47-74)
Type of ICU, N (%)
University hospital 77,409 (23) 31,312 (30) 46,097 (20)
Regional hospital 108,631 (33) 30,088 (28) 78,543 (35)
County hospital 94,938 (29) 21,905 (21) 73,033 (32)
Neurosurgical ICU 9124 (3) 3240 (3) 5884 (3)
Thoracic ICU 40,836 (12) 19,517 (18) 21,319 (9)

“The total number of unique patients in the transfused and non-transfused populations exceed the number in the Overall category as individual patients can

contribute admissions in both categories.
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TABLE 2
ICU admissions, stratified by transfusion status

Clinical details, and outcomes during and following

Transfused Nontransfused

Number of ICU 106,062 224,876
admissions with
valid ID

SAPS3 score at admission, N (%)
<40 7946 (7.5) 45,869 (20.4)
40-59 36,219 (34.1) 94,056 (41.8)
60-79 34,190 (32.2) 50,122 (22.3)
>80 9703 (9.1) 11,166 (5.0)
Unknown/not 18,004 (17.0) 23,663 (10.5)

reported

Median (IQR) 59 (49-70) 51 (41-62)

Indication for intensive care admission, N (%)
Airway 7312 (6.9) 14,102 (6.3)
Respiratory 8741 (8.2) 24,054 (10.7)
Circulatory 19,397 (18.3) 29,835 (13.3)
Metabolic/endocrine 1664 (1.6) 12,313 (5.5)
Infection 11,253 (10.6) 20,337 (9.0)
Hematologic disease 426 (0.4) 142 (0.1)
Intoxication 914 (0.9) 28,535 (12.7)
Kidney failure 2647 (2.5) 3211 (1.4)
Liver failure 1185 (1.1) 764 (0.3)
Neurosurgery 3959 (3.7) 12,072 (5.4)
Neurological diagnosis 3370 (3.2) 24,693 (11.0)
Obstetric 1144 (1.1) 1524 (0.7)
Transplant surgery 700 (0.7) 268 (0.1)
Surgical 21,683 (20.4) 12,353 (5.5)
Trauma 6573 (6.2) 14,420 (6.4)
Other 15,094 (14.2) 26,253 (11.7)

Outcomes, N (%)*

Dead during ICU-stay 11,552 (10.9) 14,025 (6.2)

Transferred to other 10,765 (10.1) 14,233 (6.3)
ICU

Dead within 30 days of 22,805 (21.5) 32,687 (14.5)
admission

Median duration of ICU
stay, hours (IQR)

50 (22-138) 22 (12-45)

#Outcomes listed are not mutually exclusive, nor exhaustive.

Episodes where patients were transferred between different
ICUs were also treated as separate observations to allow all
transfusions to be assigned to one distinct unit. We used
medians with interquartile range [IQR] and frequencies,
with percentages, as appropriate. Analyses were stratified
by whether the patient was transfused or not. Because these
analyses revealed a lower-than-expected transfusion rate

TRANSFUSION-=2

among patients with an unknown identity (i.e., coded using
a reserve ID), we interpreted this as evidence of under-
ascertainment of transfusions in this group, and therefore,
restricted all further analyses to patients with a known ID.

The distribution of blood use comparing different
ICUs was investigated by computing the observed pro-
portion of hospitalizations where a transfusion was
administered in each ICU, together with an exact, bino-
mial 95% confidence interval for the proportion. In addi-
tion, we estimated the expected transfusion proportion
for each ICU using a series of logistic regression models.
These models included patient age (categorized as 18-29,
30-49, 50-64, 65-79, >80years), sex (as a categorical
term), year of admission (as a categorical term), SAPS3
score at admission (categorized as <40, 40-59, 60-79,
>80), and indication for ICU admission (as a categorical
term with 16 levels). Separate models were run for red-
cells, plasma and platelets. C statistics with 95% confi-
dence limits were used to summarize model discrimina-
tion. To provide more interpretable and more
representable odds ratio [OR] estimates, the models were
also run restricted to patients admitted either to a univer-
sity hospital, regional hospital, or county hospital ICU.
95% confidence intervals for the ORs were constructed
using likelihood ratio tests.

Lastly, because transfusion use varied over time dur-
ing ICU stay, we also calculated the transfusion-free sur-
vival following patients from admission to ICU until time
of first transfusion, death, or discharge from ICU. Ana-
lyses were done using the Kaplan-Meier method,
assessing red-cell, plasma, and platelet transfusions in
separate analyses, stratified by ICU category.

All data processing and statistical analyses were per-
formed using SAS Statistical Analysis Software, version
9.4 (Cary, North Carolina). The creation of the SCAN-
DAT3 database and the conduct of this study was
approved by the regional ethics committee in Stockholm,
Sweden (ref.nr. 2018/167-31).

3 | RESULTS

A total of 351,598 ICU admissions were identified. Of
these, 20,660 (5.9%) were registered to patients without a
valid NRN and thus excluded. In the remaining 330,938
admissions, 42% were female, the median age was
66, and the median SAPS3 score was 53. At least one
transfusion was administered in 106,062 (32%) of the
admissions. The sex distribution was similar in the trans-
fused and nontransfused groups, with 41 and 42% being
female, respectively. Transfused patients were older than
nontransfused patients, with median ages of 69 (IQR,
59-77) and 64 (IQR, 47-74). There were some notable
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differences in the distribution of ICU category between
the transfused and nontransfused patient categories, with
a higher proportion of transfused patients being treated
in University hospitals (30 vs. 20%), and cardio-thoracic
ICUs (18 vs. 9%), than nontransfused patients (Table 1).
Further clinical details about the patients are presented
in Table 2. Transfused patients had a higher median (IQR)
SAPS3 score at admission than nontransfused patients
(59 [IQR, 49-70] vs. 51 [IQR, 41-62] points). The probabil-
ity of death during ICU stay (10.9 vs. 6.2%), or within 30
days (21.5 vs. 14.5%) was higher among transfused than
nontransfused patients. The distribution of indication for
ICU care was mostly similar between transfused and
nontransfused patients, but with some notable exceptions.
The proportion of patients with surgical and hematological

(A) Red-cell units

os |
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Proportion transfused

0.2

0.0

ICU admission diagnoses was higher among transfused
patients while the proportion of patients with metabolic or
respiratory ICU admission diagnosis was higher among
nontransfused patients (Table 2).

Figure 1 presents the observed (colored points with
error bars representing confidence limits) proportion of
patients in each ICU, who received at least one red-cell
(Panel A), plasma (Panel B), or platelet unit (Panel C)
during their ICU stay. In addition Figure 1 also includes
the expected proportions (gray circles) estimated using
logistic regression. There was substantial variation
between ICUs for all three component types. Although
there were instances where the observed and expected
counts were in close agreement, there was substantial
variation in blood use between ICUs which was not
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FIGURE 1
with error bars indicating 95%

Observed (solid square,

H confidence intervals) and expected (gray
circles) transfusion proportions for red-
cell units (A), plasma units (B), and

}{ platelet units (C), presented for all
81 ICUs contributing data to the study.

Category = 1. University = 2. Regional = 3.County

= 4. Neurosurgical

[Color figure can be viewed at

5. Thoracic wileyonlinelibrary.com]
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TABLE 3 Odds ratios for the administration of red-cell, plasma or platelet transfusion, in relation to selected clinical parameters for

patients treated in a university, regional or county hospital ICU

Red-cell transfusion Plasma transfusion Platelet transfusion
Transfused Odds ratio Transfused Odds ratio Transfused Odds ratio
Parameter episodes (%) (95% CI) episodes (%) (95% CI) episodes (%) (95% CI)
Sex
Female 28,923 (23.6) 1.00 (ref) 11,405 (9.3) 1.00 (ref) 5507 (4.5) 1.00 (ref)
Male 38,817 (24.5) 0.88 (0.86-0.90) 17,789 (11.2) 1.05 (1.02-1.08) 8927 (5.6) 1.07 (1.03-1.11)
Age at admission
18-29 years 2788 (10.4) 1.00 (ref) 1531 (5.7) 1.00 (ref) 792 (2.9) 1.00 (ref)
30-49 years 7117 (15.8) 1.16 (1.11-1.22) 3640 (8.1) 1.01 (0.95-1.08) 2129 (4.7) 1.07 (0.98-1.17)
50-64 years 15,487 (24.4) 1.33(1.27-1.40) 7008 (11.0) 0.95 (0.89-1.02) 3948 (6.2) 0.87 (0.80-0.95)
65-80 years 30,352 (29.4) 1.24 (1.18-1.30) 12,280 (11.9) 0.76 (0.72-0.81) 5912 (5.7) 0.57 (0.52-0.62)
>80 years 11,996 (28.4) 0.93 (0.88-0.98)  4735(11.2) 0.55 (0.51-0.59) 1653 (3.9) 0.29 (0.26-0.32)
SAPS3 score at admission
<40 4068 (8.2) 0.36 (0.35-0.38) 1888 (3.8) 0.35(0.33-0.37)  575(1.2) 0.23 (0.21-0.25)
40-59 25,465 (21.1) 1.00 (ref) 11,009 (9.1) 1.00 (ref) 4334 (3.6) 1.00 (ref)
60-79 27,320 (34.1) 2.01 (1.97-2.06) 11,289 (14.1) 1.90 (1.84-1.96) 6135 (7.7) 2.77 (2.66-2.90)
>80 8004 (39.6) 2.62(2.53-2.72) 3697 (18.3) 2.74 (2.61-2.87) 2798 (13.8) 5.74 (5.42-6.08)
Unknown 2883 (27.0) 142 (1.35-1.50) 1311 (12.3) 1.18 (1.10-1.26) 592 (5.5) 1.77 (1.60-1.95)
Calendar year
2010 8389 (27.0) 1.00 (ref) 4290 (13.8) 1.00 (ref) 1442 (4.6) 1.00 (ref)
2011 8792 (26.2) 0.98 (0.95-1.02) 4200 (12.5) 0.90 (0.86-0.94) 1773 (5.3) 1.17 (1.09-1.27)
2012 8441 (25.0) 0.92(0.88-0.95) 4034 (12.0) 0.85 (0.80-0.89) 1741 (5.2) 1.18 (1.10-1.28)
2013 8299 (24.4) 0.88 (0.84-0.91) 3711 (10.9) 0.75(0.71-0.79) 1798 (5.3) 1.19 (1.11-1.29)
2014 8054 (24.0) 0.85(0.82-0.89) 3356 (10.0) 0.67 (0.64-0.71) 1802 (5.4) 1.20 (1.12-1.30)
2015 7759 (22.9) 0.79 (0.76-0.83) 3153 (9.3) 0.62 (0.59-0.66) 1827 (5.4) 1.23 (1.14-1.33)
2016 7574 (23.1) 0.78 (0.75-0.82) 2823 (8.6) 0.56 (0.53-0.59) 1689 (5.1) 1.13 (1.05-1.22)
2017 6973 (21.6) 0.71 (0.69-0.74) 2494 (7.7) 0.50 (0.47-0.52) 1568 (4.9) 1.05 (0.97-1.14)
2018 3459 (21.4) 0.69 (0.66-0.73) 1133 (7.0) 0.44 (0.41-0.47) 794 (4.9) 1.05 (0.96-1.16)
Indication for intensive care admission
Airway 1001 (11.0) 0.98 (0.89-1.06) 364 (4.0) 2.08 (1.77-2.45) 159 (1.7) 1.98 (1.56-2.54)
Respiratory 6449 (21.1) 1.64 (1.54-1.75) 1325 (4.3) 1.84 (1.61-2.12) 704 (2.3) 1.90 (1.56-2.32)
Circulatory 13,659 (30.9) 248 (2.34-2.63) 6002 (13.6) 5.76 (5.07-6.56) 3312 (7.5) 5.03 (4.19-6.11)
Metabolic/ 1460 (10.5) 1.00 (ref) 254 (1.8) 1.00 (ref) 115 (0.8) 1.00 (ref)
endocrine
Infection 9028 (29.7) 2.56 (2.41-2.73) 2957 (9.7) 4.16 (3.66-4.75) 1594 (5.2) 4.16 (3.45-5.06)
Hematologic 350 (62.4) 10.4 (8.65-12.5) 131 (23.4) 10.7 (8.44-13.5) 216 (38.5) 42.4 (32.9-55.0)
disease
Intoxication 719 (2.4) 0.27 (0.25-0.30) 248 (0.8) 0.50 (0.42-0.60) 117 (0.4) 0.51 (0.39-0.66)
Kidney 1962 (37.0) 3.68 (3.40-3.99) 455 (8.6) 3.78 (3.23-4.44) 244 (4.6) 3.87 (3.10-4.87)
failure
Liver failure 965 (49.7) 4.81 (4.32-5.35) 557 (28.7) 11.7 (9.95-13.7) 495 (25.5) 14.9 (12.1-18.6)
Neurosurgery 1503 (12.8) 0.98 (0.91-1.06) 528 (4.5) 1.99 (1.71-2.32)  532(4.5) 3.87 (3.17-4.77)
Neurological 1676 (6.7) 0.53 (0.49-0.57) 558 (2.2) 1.06 (0.92-1.24) 390 (1.6) 1.49 (1.21-1.84)
disease

(Continues)
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TABLE 3 (Continued)

Red-cell transfusion Plasma transfusion Platelet transfusion
Transfused Odds ratio Transfused Odds ratio Transfused Odds ratio
Parameter episodes (%) (95% CI) episodes (%) (95% CI) episodes (%) (95% CI)
Obstetric 711 (26.6) 5.99 (5.37-6.67) 498 (18.7) 19.4 (16.5-22.9) 326 (12.2) 29.2 (23.4-36.7)
Transplant 320 (51.4) 8.44 (7.96-8.96) 135 (21.7) 22.3(19.7-25.4) 187 (30.0) 14.9 (12.4-18.1)
surgery
Surgical 17,387 (52.5) 10.2 (8.57-12.1) 10,431 (31.5) 14.7 (11.7-18.6) 4064 (12.3) 44.7 (34.6-58.1)
Trauma 5356 (26.4) 432 (4.05-4.61) 2767 (13.6) 10.3 (9.09-11.8) 1285 (6.3) 10.0 (8.31-12.2)
Other 5194 (23.7) 2.93(2.75-3.12) 1984 (9.0) 5.81(5.10-6.65) 694 (3.2) 4.30 (3.54-5.27)
(A\) Red—cell units FIGURE 2 Cumulative proportion
1.004 — transfused as a function of days since
admission to ICU, for red-cell units (A),
3 0751 plasma units (B), and platelet units (C),
[%2] .
é stratified by ICU category. [Color figure
g 0.50. can be viewed at
5 wileyonlinelibrary.com]
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accounted for, despite logistic regression models achiev-
ing at least modest discriminative performance with C-
statistics of 0.75 (95% CI, 0.75-0.75) for red-cell, 0.78 (95%
CI, 0.77-0.78) for plasma, and 0.79 (95% CI, 0.79-0.79)
for platelet transfusions.

Table 3 present odds ratios extracted from logistic
regression models that were run for the three main ICU
categories (university, regional, and county hospital ICUs).
The probability of receiving each of the three types of blood
transfusion was associated with all considered clinical
parameters, with weak or modest associations seen for sex,
age and calendar year. More pronounced associations were
seen for ICU admission diagnosis and pre-admission sur-
gery. For the former of these, the probability of receiving at

(A) Red-cell units

0.6
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least one red-cell unit ranged more than 20-fold, from 2.7%
for patients admitted for intoxication (OR, 0.28; 95% ClI,
0.25-0.30, compared with metabolic/endocrine disease) to
66.8% for patients with hematologic disease (OR, 12.3; 95%
CIL, 10.2-14.9, again compared with metabolic/endocrine
disease). Other indications that stood out were different
types of surgical indications. Similar, but partly more pro-
nounced patterns were seen for plasma and platelet transfu-
sions, where—as expected—patients with hematological
disease, liver failure, obstetric patients, or patients who had
undergone transplant surgery, all had a very high probabil-
ity of being transfused.

Figure 2 depicts the cumulative incidence of being
transfused as a function of time since admission. Again,
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there was substantial variation between the different ICU
categories. Patients treated in cardiothoracic ICUs persis-
tently had the highest probability of being transfused.
Indeed, among cardiothoracic ICU patients, close to
100% of patients had received at least one red-cell unit
after 30 days, more than 50% had received at least one
plasma unit, and almost 50% had received at least one
platelet unit. In all ICU categories, for all three compo-
nent types, there was a general pattern with rapidly
increasing cumulative incidence in the first day, and then
a more gradual increase.

Lastly, Figure 3 demonstrates the proportion of
patients transfused over time with red cells, plasma and
platelets, stratified on ICU category. For both red-cell
units and plasma, there was a continuous reduction in
the probability of patients being transfused during the
study period, where the probability of receiving at least
one red-cell unit decreasing from 31.3% in 2010 to 24.6%
in 2018 (OR, 0.67; 95% CI, 0.64-0.70, comparing 2018 to
2010), and the probability of receiving at least one plasma
unit decreasing from 16.6% in 2010 to 9.4% in 2018 (OR,
0.50; 95% CI, 0.47-0.53, comparing 2018 to 2010).

4 | DISCUSSION

With data on more than 300,000 intensive care admis-
sions for almost 250,000 individual patients and nearly
100% coverage of Swedish ICUs, we are able to present a
complete and contemporary picture of transfusion prac-
tice in Swedish intensive care. Using this data, we present
detailed data on transfusion determinants and show that
the transfusion frequency has decreased gradually over
the past decade, for red-cell and especially plasma units,
but still remains high. Of particular relevance for future
research, is the striking heterogeneity in transfusion prac-
tice between different centers, which was not accounted
for by a wide range of clinical parameters.

A similar practice heterogeneity, with large differ-
ences in transfusion frequency both between ICUs and
between different countries have been described before,
but not in such a complete data set."* > Since this study
was based on all ICU episodes in Sweden over a several
years, a key strength is that we are able to confidently
show that the heterogeneity was not driven by fluctua-
tions in blood use, but rather seems to be an inherent
phenomenon. Effectively, this means that it is likely diffi-
cult to draw wider conclusions about transfusion patterns
in a region or country based on individual practice in one
ICU, which needs to be kept in mind in interpreting find-
ings from studies with more limited scope. Moreover, few
reports on transfusion frequency in ICUs have been pres-
ented in the past decade. As to total transfusion

frequency, we observed a decline from 31 to 24% between
2010 and 2018, which is in line with a general decrease in
blood utilization seen in many western countries both in
general®’ and among ICU patients in particular.”* The
transfusion frequency we observe at the end of the study
period is thus similar to the 26% frequency reported from
2012 in the ICON study,' but higher than for example
the 17% observed in Australia and New Zeeland in
2008."

The most important strengths of the study stem from
the qualities of the data, which were nationwide, long-
standing and detailed, allowing us to characterize trans-
fusion practice for a complete country in great detail.
Still, there were some limitations in the data, relating for
example to lack of specific information on the indication
for transfusion, why we instead resorted to using indica-
tions for intensive care and discharge diagnoses. Other
limitations include the inability to include data for the
6% of episodes where the patient was coded with a
reserve number instead of an NRN. Although this issue
should not affect the internal validity of our findings, it may
affect the generalizability for patient categories who com-
monly present without a known identity (i.e., unconscious
or nonSwedish patients). The lack of detailed, time-varying
data on disease severity and complications throughout the
ICU stay, for example, makes it mostly irrelevant to try to
compare outcomes of transfused and nontransfused
patients as such comparisons would invariably suffer resid-
ual confounding.** Still, for the purpose of describing the
overall patterns of transfusion therapy in intensive care
patients, the available data should mostly be sufficient.
Another slight limitation is the lack of data on use of prod-
ucts such as albumin and prothrombin complex concen-
trate. These products potentially affect transfusion needs
and patterns.

Among our findings, the most striking was perhaps
the considerable variation in transfusion practice
between seemingly similar ICU's and for the same types
of patients, despite adjusting for a range of predictors
including indication for ICU care, SAPS score and demo-
graphics. The proportion of patients who were transfused
differed severalfold for all three component types and in
all ICU categories. Unfotunately, the lack of granular
data on transfusion indications and clinical nuances
makes it difficult to identify clear determinants of the
heterogeneity. However, we interpret it as an indication
of a lack of adherence to established guidelines for trans-
fusion therapy, and no clear consensus as to whom to
transfuse and when, it clearly demonstrates that relying
on audits, surveys and point prevalence studies in only a
selection of ICUs is likely to result in findings that are
not representative of the wider ICU population. Although
considerable practice variation was seen for all three
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component sites, it was especially pronounced for plasma
units. It is thus perhaps encouraging that plasma was the
component type for which we observed the greatest
reduction in utilization during the study period. Viewed
together, we believe that this signals a need for further
refinement of indications for all types of transfusion ther-
apy, but especially for plasma.

Mortality was, as expected, higher in transfused patients
with a 30-days mortality of 21% in transfused patients ver-
sus 14% in nontransfused patients, with median SAPS3
score 59 versus 51 and median ICU length of stay 50 versus
22h. The extent to which transfusion therapy increases
mortality is beyond the scope of this study, given limitations
in available data and likely confounding by indication that
cannot be removed by adjustment for available data. It can
however be noted that plasma is a therapy not without risk
or cost, and that it should primarily be used to correct
coagulopathy when needed.**

5 | CONCLUSIONS

To conclude, we present data on transfusion patterns in
almost 300,000 ICU admissions over a 10-year period in
Sweden. Overall, we see high, but mostly decreasing
transfusion rates as well as striking and unexplained vari-
ation between centers. The latter finding is the key obser-
vation for the practicing ICU physician, reinforcing the
need for adherence to practice guidelines and self-
criticism as to the indication of each transfusion. Swed-
ish, or Scandinavian guidelines geared specifically to
blood product transfusion in intensive care would be of
value and could be based on existing European
guidelines.”To further add to knowledge on the subject,
data from patient data management databases could be
used, providing data on Hb and coagulation parameters
upon transfusion as well as use of other products and
medications affecting coagulation and transfusion needs.
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