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Abstract

Background: Current guidelines discourage prophylactic plasma use in non-

bleeding patients. This study assesses global plasma transfusion practices in

the intensive care unit (ICU) and their alignment with current guidelines.

Study Design and Methods: This was a sub-study of an international, pro-

spective, observational cohort. Primary outcomes were in-ICU occurrence rate

of plasma transfusion, proportion of plasma events of total blood products

events, and number of plasma units per event. Secondary outcomes included

transfusion indications, INR/PT, and proportion of events for non-bleeding

indications.

Results: Of 3643 patients included, 356 patients (10%) experienced 547 plasma

transfusion events, accounting for 18% of total transfusion events. A median of

2 (IQR 1, 2) units was given per event excluding massive transfusion protocol

(MTP) and 3 (IQR 2, 6) when MTP was activated. MTP accounted for 39 (7%)
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of events. Indications of non-MTP events included active bleeding (54%), pro-

phylactic (25%), and pre-procedure (12%). Target INR/PT was stated for 43% of

transfusion events; pre-transfusion INR/PT or visco-elastic hemostatic assays

(VHA) were reported for 73%. Thirty-seven percent of events were adminis-

tered for non-bleeding indications, 54% with a pre-transfusion INR < 3.0 and

30% with an INR < 1.5.

Discussion: Plasma transfusions occurred in 10% of ICU patients. Over a third

were given for non-bleeding indications and might have been avoidable. Target

INR/PT was not stated in more than half of transfusions, and pre-transfusion

INR/PT or VHA was not reported for 27%. Further research and education is

needed to optimize guideline implementation and to identify appropriate indi-

cations for plasma transfusion.
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1 | INTRODUCTION

Plasma transfusions are commonly administered in the
intensive care unit (ICU), occurring in 9%–13% of ICU
patients.1,2 Previously, it has been shown that a substan-
tial amount of plasma is transfused to non-bleeding ICU
patients.3 However, according to guidelines, plasma
transfusion is only indicated in bleeding ICU patients
with or without coagulopathy.4,5

The global landscape of plasma transfusion practices
is far from uniform. In bleeding patients, different red
blood cell (RBC) to plasma ratios is used as part of (mas-
sive) transfusion protocols (MTPs),6,7 although a higher
ratio is currently recommended.5 There are no clear indi-
cations or triggers for plasma transfusion for non-
bleeding patients, except for plasmapheresis.8,9 Moreover,
current guidelines include the recommendation not to
use plasma in non-bleeding patients with a coagulopathy
in need of an invasive procedure or in non-bleeding
patients with coagulopathy in general.4,10,11 However, a
significant portion of plasma transfusions in ICU patients
is administered for non-bleeding indications.3,12

There are scarce prospective data from recent studies
examining the utilization of plasma in ICU patients.
Rather, more evidence has become available on the inef-
fectiveness of (prophylactic) plasma transfusions.13–16

Therefore, this study aims to provide a current overview
of global plasma transfusion practice in patients admitted
to the ICU. We hypothesized that, as multiple guidelines
discourage plasma transfusions in non-bleeding patients
over time, the occurrence rate of plasma transfusions in
non-bleeding patients has decreased compared with pre-
vious reported occurrence rates.

2 | METHODS

2.1 | Study design

This is a sub-study of the International Point Prevalence
Study of Intensive Care Unit Transfusion Practices
(InPUT) study. The InPUT was an international, multi-
center, prospective observational cohort study on transfu-
sion practices.17 Between March 2020 and October 2022,
16 weeks were prescheduled for the study. In these
weeks, all patients admitted to the ICU were included in
the study and followed up until Day 28 or ICU discharge.
Study procedures aligned with the Declaration of Hel-
sinki. The protocol and Standard Operating Procedure
can be found in the previously published InPUT study on
RBC transfusions.17

2.2 | Patient population

The patient cohort included all individuals aged
18 years or older admitted to the ICU during the desig-
nated study weeks. Patients were excluded if informed
consent, mandated by local or national regulations, was
not obtained from the patient or their legally authorized
representative.

2.3 | Data collection

Baseline demographics, daily ICU questionnaires up to
discharge or up to Day 28 of ICU stay, and outcomes at
Day 28 were collected. If a transfusion was administered,
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a separate questionnaire for the transfusion was gener-
ated. If a patient had two transfusion events on a single
day, this generated two separate transfusion forms. The
transfusion questionnaire for plasma included target INR
or PT, pre-transfusion INR or PT and posttransfusion
INR or PT, number of units transfused, and the transfu-
sion indication.

2.4 | Outcomes

The primary outcome was the worldwide and continent-
wise occurrence rate of plasma transfusion during ICU
stay, defined as receiving one or more plasma units dur-
ing their ICU stay (including plasma as part of MTP).
The proportion of plasma transfusion events of the total
transfusion events (RBC + platelets + plasma) was
assessed, and plasma units per transfusion event (exclud-
ing MTP) and per MTP event were analyzed.

Secondary outcomes included the main indications for
plasma transfusion events (active bleeding, prophylactic,
pre-procedure, MTP, and others). Multiple indications
could be selected however for this analysis, indications
were only scored once: if active bleeding was selected (with
or without other indications), then the reason for transfu-
sion was active bleeding; if pre-procedure (but not active
bleeding) was selected, then the reason for transfusion was
pre-procedure; if prophylactic (but not active bleeding or
pre-procedure) was selected, then the reason for transfusion
was prophylactic. The remaining reasons were categorized
as “other.” Other secondary outcomes included target INR
or PT, pre- and posttransfusion INR/PT, INR/PT change
per plasma transfusion event and per plasma unit (exclud-
ing MTP), INR change stratified by transfusion indication
and by pre-transfusion INR (divided into three groups:
<1.5, 1.5–3.0, >3.0). Lastly, as a secondary outcome, the
proportion of plasma transfusion events for non-bleeding
indications (being prophylactic and pre-procedure) were
assessed worldwide and per continent.

2.5 | Statistical analyses

All analyses were performed with R in the R studio inter-
face (version 4.2.1). Continuous data were expressed by
mean and standard deviation (mean [±SD]) or by median
and interquartile range (median [first, third interquartile]),
depending on the distribution. Categorical data were
expressed as counts with percentages (n, %). MTP events
were counted in the overall in-ICU occurrence rate and
the proportion of plasma of the total blood products trans-
fused (primary outcomes) but excluded from the other
analyses (plasma units per event and investigations of

INR). This decision was made due to the standardized pro-
tocol inherent in MTP, which contrasts the variable nature
of INR-guided plasma transfusions, making it an inade-
quate representation of clinical practice.

Analyses on INR/PT values were only performed with
the transfusions on which INR/PT values were reported.
No imputation was performed as a substantial amount of
the INR/PT values was missing, and they were assumed
to be not missing at random.

Statistical analyses included comparisons of
(1) plasma-transfused versus non-transfused patients
(including MTP), (2) a per continent comparison of the
occurrence rate of plasma transfusion, proportion of
plasma transfusion events of the total transfusion events,
transfusion indications, and transfusion events for non-
bleeding indications, and (3) comparisons of INR changes
per transfusion indication and per pre-transfusion INR.

For comparisons between plasma transfused and
non-transfused patients, differences and 95% confidence
intervals (95% CIs) were estimated using an independent
samples two-sided t-test for normally distributed continuous
variables, the Wilcoxon Rank-Sum test for non-normally
distributed continuous variables, and a two-sample propor-
tion test for categorical variables. For comparisons of pro-
portions per continent, a chi-square test was performed;
when significant, a Wilcoxon Rank-Sum post hoc test was
done with Bonferroni correction. To assess the effect of
plasma transfusions on INR, the INR change per pre-
transfusion INR category (3 categories: INR < 1.5, INR 1.5–
3.0, INR > 3.0) was analyzed.

Four groups were created to compare INR change
between the plasma transfusion indications (active bleed-
ing, prophylactic, pre-procedure, or other). Depending on
the distribution, the differences in INR change were
tested using a one-way ANOVA or Kruskal–Wallis test. If
significant, a post hoc Mann–Whitney U or t-test with
Bonferroni correction was performed. The significance
level for all analyses was set at a p-value below 0.05.

3 | RESULTS

3.1 | Plasma-transfused patients

In total, 233 centers in 30 countries and 6 continents par-
ticipated (Figure 1). A total of 3643 patients were
included in the InPUT database. Of those, 356 patients
(10%) received one or more plasma transfusions in the
ICU. These 356 patients experienced 547 plasma transfu-
sion events including MTP, and 508 events excluding
MTP (Figure 2). The occurrence rate ranged from 4% to
17% between continents, where Asia (17%) and Europe
(12%) had a significantly higher plasma transfusion rate
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than North America (4%, p < 0.001) and Oceania (5%,
p < 0.001, Figure 3A).

Plasma-transfused patients overall did not differ in
comorbidities, except for a lower incidence of chronic
obstructive pulmonary disease (difference of �5% [95%

CI = �8 to �2]) and a higher prevalence of liver failure
(difference of 6% [95% CI = 3–9], Table 1). Transfused
patients had a higher APACHE IV score (difference of
12 [95% CI = 8–16]), lower hemoglobin levels (difference
of �1.5 g/dL [95% CI = �1.8 to 1.2]), lower platelet

FIGURE 1 Flowchart of included countries and centers.

FIGURE 2 Flowchart and alluvial plot of included patients and transfusion events. On the left: a flowchart of included patients,

transfusion events and plasma units; on the right: alluvial plot with on the left the transfusion indication of the event and on the right the

pre-transfusion event INR.
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FIGURE 3 Plasma transfusion practices per continent. Panel A: Occurrence rate of plasma transfusion in the ICU per continent and in total,

including as part of massive transfusion protocol (MTP). Panel B: Proportion of plasma transfusion events of the total transfusion events of all

products (Red Blood Cells, Platelets and Plasma) per continent and in total, including MTP. Panel C: Distribution of proportions of transfusion

indications per continent and in total, excluding MTP. Panel D: Proportions of unknown INR, INR > 3.0, INR 1.5–3.0, and INR < 1.5 of the

transfusion events for a non-bleeding indication (defined as prophylatic or pre-procedure) per continent and in total, excluding MTP.
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TABLE 1 ICU admission data and patient outcomes, stratified by plasma transfusion status.

Overall Not transfused Transfused Difference
N = 3643 N = 3287 N = 356 (95% CI)

Age, years, mean (SD) 61 (16) 61 (16) 60 (16) �1 (�3 to 1)

Female sex, n (%) 1376 (38) 1248 (38) 128 (36) �2 (�7 to 3)

Comorbidities, n (%) Multiple answers possible

No comorbidities 1387 (38) 1244 (38) 143 (40) 2 (�3 to 8)

Solid tumor 485 (13) 443 (14) 42 (12) �1 (�5 to 2)

Heart failure 427 (12) 380 (12) 47 (13) 2 (�2 to 6)

Chronic obstructive pulmonary disease 412 (11) 387 (12) 25 (7) �5 (�8 to �2)

Acute coronary disease 381 (11) 340 (10) 41 (12) 2 (�3 to 5)

Chronic kidney disease 329 (9) 300 (9) 29 (8) �1 (�4 to 2)

Liver failure 110 (3) 81 (3) 29 (8) 6 (3–9)

APACHE IV score, median [IQR] 46 [28, 70] 46 [27, 68] 60 [33, 84] 12 (8–16)

Emergency admission, n (%) 2372 (65) 2169 (66) 203 (57) �9 (�15 to �3)

Laboratory values at admission

Hemoglobin, g/dL, median [IQR] 11.9 [10.0, 13.8] 12.1 [10.2, 13.9] 10.3 [8.7, 12.7] �1.5 (�1.8 to 1.2)

Platelet count, 109/L, median [IQR] 222 [163, 289] 225 [167, 291] 186 [123, 276] 33 (20–46)

INR, ratio, median [IQR] 1.10 [1.00, 1.30] 1.10 [1.00, 1.30] 1.20 [1.00, 1.60] �0.10 (�0.20 to �0.10)

Referring specialty, n (%)

Medical specialtiesa 1537 (42) 1467 (45) 70 (20) �25 (�30 to �20)

Cardiothoracic surgery 538 (15) 426 (13) 112 (32) 19 (13–24)

Neurosurgery 291 (8) 275 (8) 16 (5) �4 (�6 to �1)

Trauma surgery 151 (4) 126 (4) 25 (7) 3 (0–4)

Other surgical specialtiesb 1037 (29) 911 (28) 126 (35) 8 (2–13)

Otherc 89 (2) 82 (3) 7 (2) �1 (�2 to 1)

Referred from, n (%)

Operation room 1513 (42) 1306 (40) 207 (58) 18 (13–24)

Emergency department 1145 (31) 1079 (33) 66 (19) �14 (�19 to �10)

General ward 623 (17) 570 (17) 53 (15) �3 (�7 to 2)

Other hospital 313 (9) 285 (9) 28 (8) �1 (�4 to 2)

Other 47 (1) 45 (1) 2 (1) �1 (�2 to 0)

Reason for admission, n (%)

Postoperative monitoring 1305 (36) 1145 (35) 160 (45) 10 (5–16)

Respiratory insufficiency 791 (22) 748 (23) 43 (12) �11 (�15 to �7)

Shock 432 (12) 360 (11) 72 (20) 9 (5–14)

Metabolic disturbance 268 (7) 254 (8) 14 (4) �4 (�6 to �1)

Acute brain injury 229 (6) 214 (7) 15 (4) �3 (�5 to 0)

Trauma 169 (5) 141 (4) 28 (8) 4 (1–7)

Cardiac arrest 133 (4) 128 (4) 5 (1) �3 (�4 to �1)

Other 308 (9) 290 (9) 18 (5) �4 (�6 to �1)

Shock at admission, n (%)

Septic shock 335 (11) 346 (11) 49 (14) 3 (�1 to 7)

Hypovolemic shock 261 (7) 188 (6) 73 (21) 15 (10–19)

Cardiogenic shock 214 (6) 184 (6) 30 (8) 3 (0–6)

Other shock 59 (2) 52 (2) 7 (2) 0 (�1 to 2)
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counts (difference of 33�109/L [95% CI = 20–46]), and
higher INR (difference of �0.10 [95% CI = �0.20 to
�0.10]) at admission.

Patients who underwent transfusion were more fre-
quently referred by surgical specialties and were more
often referred from the operation room and less often
from the emergency department. The reason for ICU
admission in transfused patients was more often postop-
erative monitoring, trauma, or shock. Hypovolemic or
cardiogenic shock was the most common. Transfused
patients were more often supported by mechanical venti-
lation at admission. Plasma-transfused patients more
often received other blood products: RBC (difference of
56% [95% CI = 51–61]), platelets (difference of 29% [95%
CI = 24–34]), or other pro-coagulants (difference of 24%
[95% CI = 19–29]). Lastly, plasma-transfused patients
had higher unadjusted 28-day mortality (difference of
11% [95% CI = 6–16]).

3.2 | Plasma transfusion events
and units

There were 547 plasma transfusion events including
MTP, involving a total of 1275 plasma units, and
508 events excluding MTP involving a total of 1120
plasma units (Figure 2). Figure 2 (on the right) presents
an alluvial plot illustrating the distribution of transfusion
indication categories alongside pre-transfusion INR cate-
gories. Notably, within each indication category, INR
values were not reported in approximately one-third or
more of the events. Furthermore, for non-bleeding
indications (prophylactic and pre-procedural), a pre-
transfusion INR of less than 3.0 was reported in approxi-
mately half of the events.

Of the total study cohort, plasma transfusion events
accounted for 18% of all transfusion events. Per conti-
nent, this ranged from 9% to 25%, where the proportion

TABLE 1 (Continued)

Overall Not transfused Transfused Difference
N = 3643 N = 3287 N = 356 (95% CI)

Surgery within 24 h of admission, n (%)

Cardiothoracic surgery 507 (14) 403 (12) 104 (29) 17 (12–22)

Gastro-intestinal surgery 366 (10) 314 (10) 52 (15) 5 (1–9)

Neurosurgery 212 (6) 200 (6) 12 (3) �3 (�5 to �1)

Gynecologic surgery 138 (4) 121 (4) 17 (5) 1 (�1 to 4)

Trauma surgery 108 (3) 82 (3) 26 (7) 5 (2–8)

Other surgery 393 (11) 355 (11) 38 (11) 0 (�4 to 3)

Mechanical support at admission, n (%)

Mechanical ventilation 1619 (44) 1376 (42) 243 (68) 26 (21–32)

Renal replacement therapy 131 (4) 113 (3) 18 (5) 2 (�1 to 4)

Extracorporeal membrane oxygenation 15 (<1) 10 (<1) 5 (1) 1 (0–3)

Concomitant transfusion, n (%)

RBC transfusion 894 (25) 626 (19) 268 (75) 56 (51–61)

Platelet transfusion 208 (6) 95 (3) 113 (32) 29 (24–34)

Other pro coagulants 208 (6) 110 (3) 98 (28) 24 (19–29)

Patient outcomes

State of the patient at Day 28, n (%)

Alive 2781 (76) 2536 (77) 245 (69) �8 (�14 to �3)

Discharged 2248 (81) 2080 (82) 168 (69) �13 (�20 to �7)

General ward 426 (15) 371 (15) 55 (22) 8 (2–13)

ICU 83 (3) 65 (3) 18 (7) 5 (1–8)

Readmitted to ICU 25 (1) 21 (<1) 4 (2) 1 (�1 to 3)

Death 618 (17) 523 (16) 95 (27) 11 (6–16)

Unknown 244 (7) 228 (7) 16 (5) �2 (�5 to 0)

aMedical specialties included internal medicine, neurology, cardiology, and pulmonology.
bOther surgical specialties included general surgery, gastro-enteral surgery, gynecology, urology, and orthopedic surgery.
cOther specialties included psychiatry, emergency, and ENT (ear nose throat).
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of plasma transfusions was significantly higher for Asia
(25%) and Europe (22%) as compared with Oceania (9%,
p < 0.001), but not to the other continents (Figure 3B).

Per event, a median of 2 plasma units (IQR 1, 2) was
administered, excluding MTP (Table 2A). When MTP
was activated, a median of 3 (IQR 2, 6) plasma units was

TABLE 2A Characteristics of the plasma transfusion events

excluding massive transfusion protocol (MTP).

Plasma transfusion
events
(excluding MTP)
N = 508

Transfusion indication, n (%)

Active bleeding 272/508 (54)

Prophylactic 127/508 (25)

Pre-procedure 59/508 (12)

Cardiothoracic surgery 22/59 (37)

General surgery 12/59 (20)

Neurosurgery 7/59 (12)

Othera 18/59 (31)

Other (asked to specify) 50/508 (10)

COVID-19 21/50 (42)

Unstable (surgical) patient 11/50 (22)

As part of a clinical trial 5/50 (10)

Solely based on visco-elastic assay
(VHA) result

4/50 (8)

Other 9/50 (18)

Number of plasma units per event
(median [IQR])

2 [1, 2]

INR/PT monitoring

Proportion with a target INR stated, n (%) 209/508 (41)

Proportion with a target PT stated, n (%) 9/508 (2)

Proportion with a target INR or PT
stated, n (%)

218/508 (43)

Proportion with a pre-transfusion INR,
n (%)

334/508 (66)

Proportion with a pre-transfusion PT,
n (%)

16/508 (3)

Proportion where VHA was used
before transfusion, n (%)

24/508 (5)

Proportion with a pre-transfusion INR,
PT or VHA, n(%)

370/508 (73)

Target INR (median [IQR]) 1.30 [1.18, 1.50]

INR prior to transfusion (median
[IQR])

1.48 [1.20, 2.10]

Pre-transfusion INR > 1.5, n (%) 148/334 (44)b

Pre-transfusion INR > 3.0, n (%) 36/334 (11)b

Pre-transfusion INR below target INR
of patient, n (%)

30/209 (14)c

INR change per transfusion event
(median [IQR])

�0.14 [�0.50, 0.00]

INR change per unit of plasma
(median [IQR])

�0.08 [�0.24, 0.00]

(Continues)

TABLE 2A (Continued)

Plasma transfusion
events
(excluding MTP)
N = 508

Reversal of anticoagulants

Proportion transfusion for reversal of
anticoagulants, n (%)

30/508 (6)

Type of anticoagulant reversed, n (%) Multiple answers
possible

Vitamin K antagonist 16 (53)

Heparin 6 (20)

Low Molecular Weight Heparin 4 (13)

Direct Oral Anticoagulant 4 (13)

Other 2 (1)

Non-bleeding transfusion events, n (%)

Non-bleeding (prophylactic or pre-
procedure)

186/508 (37)

Non-bleeding and pre-transfusion
INR < 3.0

100/334 (30)

Non-bleeding and pre-transfusion
INR < 1.5

55/334 (16)

aOther procedures: for example, tracheostomy, lumbar puncture, thorax
drain placement.
bOf the 508 plasma transfusion events, a pre-transfusion INR value was
available for 334 events.
cOf the 508 plasma transfusion events, both a target INR and a pre-
transfusion INR was available for 209 events.

TABLE 2B Characteristics of massive transfusion protocol

(MTP) events with plasma transfusion.

MTP events with
plasma transfusion
N = 39

Median ratio of red blood cells:plasma:
platelets

1:1:0

Number of red blood cell units
transfused as part of MTP

3 (2, 6)

Number of plasma units transfused as
part of MTP

3 (2, 6)

Number of platelet units transfused as
part of MTP

1 (0, 3)
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administered, with a median ratio RBC:plasma:platelets
of 1:1:0 (Table 2B). One or two units per event was the
most frequent administered dose of plasma for prophy-
lactic transfusions, in the pre-procedure group there was
more variability in dose (Figure 4).

3.3 | Transfusion indications

In the 508 non-MTP transfusion events, active bleeding
was the most common transfusion indication for plasma
(54%), followed by prophylactic transfusion without
bleeding (25%). Pre-procedure plasma transfusion was
the indication in 12% of events (Table 2A and Figure 3C).
Intercontinental differences in transfusion indications
are shown in Figure 3C. Of note, Africa, Latin America,
and North America had too few plasma transfusion
events to reliably analyze differences in indications
(N = 12, N = 5, and N = 10, respectively). The “other”
category was much more prevalent in Asia than Europe
and Oceania, due to 21 events transfused with the reason
“COVID-19.” Transfusion for a prophylactic indication
made up 28% of transfusion events in Europe, 17% in
Oceania, and 12% in Asia. Pre-procedural transfusions

made up 12% of transfusion events in Europe, 14% in
Oceania, and 4% in Asia.

3.4 | INR values

Target INR or PT was stated for 43% of the plasma trans-
fusion events, and pre-transfusion INR, PT, or visco-
elastic hemostatic assays (VHA) were reported in 73% of
events, indicating that in 27% these might not have been
performed (Table 2A). As no VHA values were collected
and no International Sensitivity Index (ISI) factor was
known to compare PT across centers, further analyses
were only performed on INR values. The median target
INR was 1.30 (IQR 1.18, 1.50), and the median pre-
transfusion INR was 1.48 (IQR 1.20, 2.10). Of the
334 transfusion events for which a pre-transfusion INR
was available, only 11% had a pre-transfusion INR above
3.0. Of the 209 transfusion events of which a target INR
and a pre-transfusion INR were known, 14% had a pre-
transfusion INR below the individual target INR.

INR change (posttransfusion INR � pre-transfusion
INR) was available for 258 plasma transfusion events
(618 plasma units). The median INR change was �0.14

FIGURE 4 Histograms of plasma units by transfusion indication and pre-transfusion INR.
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(IQR �0.50, 0.00) per transfusion event and �0.08 (IQR
�0.24, 0.00) per plasma unit (Table 2A). The median INR
change was larger as the pre-transfusion INR was higher
(�0.01 median INR change when the pre-transfusion
INR was below 1.5, �0.40 when the pre-transfusion INR
was between 1.5 and 3.0, �1.10 when the pre-transfusion
INR was above 3.0, p < 0.001, Figure S1). The INR
change did not differ significantly by transfusion indica-
tion in any of the pre-transfusion INR categories,
although this may be due to the small sample size, espe-
cially in the group with pre-transfusion INR > 3.0
(Figure 5).

3.5 | Plasma transfusion for non-
bleeding indications

A total of 186 of the 508 transfusion events (37%) were
administered for a non-bleeding indication (prophylactic
or pre-procedure). Of the 334 transfusion events with a
pre-transfusion INR available, 100 events were for a non-
bleeding indication with a pre-transfusion INR below 3.0
(30%), and 55 with a pre-transfusion INR below 1.5 (16%,
Table 2A). Of the 186 non-bleeding transfusion events
involving 432 units, 33% had an unknown pre-
transfusion INR (105 plasma units), 30% had an
INR < 1.5 (144 plasma units), and 54% had an INR < 3.0
(266 plasma units) (Figure 3D).

4 | DISCUSSION

This study aimed to describe current global practices of
plasma transfusions in the ICU. We found that one in
10 patients received a plasma transfusion during their
ICU stay, with indications being active bleeding in half of
the events and prophylactic in a quarter of the evens. Per
transfusion event (excluding MTP), a median of 2 plasma
units per event was administered and a median of 3 units
when MTP was activated. A target INR or PT was not
stated for most events, and a pre-transfusion INR, PT or
VHA was not reported in approximately a quarter of all
non-MTP events. The INR change was minimal per
transfusion event and per unit, though the change was
larger when the pre-transfusion INR exceeded 3.0.
Thirty-seven percent of transfusion events were adminis-
tered for non-bleeding indications. In Europe, higher
occurrence rates compared with other continents were
observed for plasma transfusion overall and plasma
transfusion for a non-bleeding indication.

4.1 | Occurrence rate of plasma
transfusions

In the past decades, multiple studies have been published
on the occurrence rate of plasma transfusions in the ICU.
Studies from before 2008 report 19%–30% occurrence

FIGURE 5 INR change per pre-transfusion INR and per transfusion indication.
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rates in the United Kingdom,18 India,19 and Canada.20

From 2008 onward, studies report lower occurrence rates
of 7%–9%,1,2,21–23 including a Swedish study from 2010 to
2018 reported a decreasing rate from 17% to 9%.23 Our
study, which used data from 2020 to 2022, found a simi-
lar rate of 10%. Geographical differences are present in
the literature and our study. The higher occurrence rates
of Europe and Asia and the lower rates of Oceania are
consistent with previous studies from the United
Kingdom,1 Sweden,23 India,19 and Australia/New Zeal-
and.21 The low occurrence rate for North America found,
consisting of US centers, is lower than previously
reported,2 possibly due to the small sample size of US
patients in our study.

Overall, while previous literature indicated a potential
decrease in the occurrence rate of plasma transfusions
from 1999 to 2018, our analysis reveals no additional
decline when comparing our data to earlier studies. More-
over, global differences are present and seem unchanged.

4.2 | Plasma transfusion for non-
bleeding indications

In previous studies, “inappropriate” plasma transfusions
have been investigated. The definition of “inappropriate”
plasma transfusion changed over time and varied per
study. Despite the variability in the definition of
“inappropriate,” all studies consistently labeled non-
bleeding as an “inappropriate” indication, albeit with or
without an added INR below a certain threshold. These
studies reported rates of ‘inappropriate’ use of plasma
transfusions ranging from 29% to 48%,3,12,20,24,25 consis-
tent with our findings, and do not show a decreasing
trend over time. There have been attempts to reduce
“inappropriate” plasma transfusion in a study setting,
which was not always successful.26,27

Previous studies reporting transfusion indications are
in line with our observations. A prophylactic indication
was observed in 24%–45%,2,21 and a pre-procedure indica-
tion was present in 24%–27%.28,29 In this current study
25% of plasma was transfused for a prophylactic indica-
tion and 12% for a pre-procedure indication, adding up to
a total of 37% for a non-bleeding indication, consistent
and seemingly unchanged when compared with previous
literature.

4.3 | Effect on INR

A notable finding of our study is the large proportion of
non-stated targets and missing pre-transfusion INR/PT
values, especially in non-bleeding patients. This indicates
that a considerable part of plasma transfusions is not

INR-driven. Previous studies have shown that the effect
of plasma transfusion on INR is minimal.1,3,30 Moreover,
plasma transfusion mostly fails to correct INR to below
1.5.13,31–33

Furthermore, plasma transfusion usually fails to pro-
duce a more procoagulant state in ICU patients.14,34

Indeed, multiple studies have shown that prophylactic
plasma transfusions do not prevent bleeding complica-
tions or RBC transfusions after a procedure in the
ICU.2,13,15,29,31,32 More evidence from trials on the effec-
tiveness of plasma transfusions on INR and bleeding
complications in the ICU is not likely to arise, as two
trials were never published,35,36 one trial ended
prematurely,13 and multiple RCTs in other settings out-
side of the ICU failed to show effectiveness of plasma
transfusion.16

Further investigation into the barriers to participation
in one of the ICU trials found that the most important
barriers were mostly physician-driven, making a future
trial likely not feasible.37 Of note, plasma transfusions are
not without harm, and associations of plasma transfu-
sions with increased mortality in sepsis patients38 and
ECMO patients,39 longer length of stay,2 and increased
incidence of acute lung injury after plasma transfu-
sion32,40,41 have been established.

As a considerable part of the events in our study do
not seem INR-driven, other indications for plasma trans-
fusion might have been at play, such as plasma to
improve hemodynamics in traumatic shock42 or
to enhance endothelial condition for example in sepsis
patients.43 These indications might be promising and
indeed would need different monitoring than INR.
Unfortunately, these specific indications, which might be
considered prophylactic, were not individually captured
in the records of the current study. More research is
needed to acquire evidence for effectiveness for other
indications of plasma transfusion in non-bleeding
patients, for instance, in sepsis.

To conclude, from 1999 until 2019, although the inci-
dence of plasma transfusions might show a decreasing
trend, the incidence of plasma transfusion in non-
bleeding patients still ranges from 24% to 48%, in line
with our observation and has not changed the last
decade. This is worrisome, as since 2010, several pub-
lished guidelines around the world advise against pre-
procedure or prophylactic plasma transfusions (in 2010
in the US,44 in 2012 in Australia,45 in 2016 and 2018 in
Europe,46–48 in 2017 by EACTS/EACTA,49 and in 2020 by
ESICM4). We therefore urge the implementation of exist-
ing guidelines in clinical practice. Further research to
identify the possible barriers to implement and adhere
to these guidelines is warranted.

A key strength of this study lies in its considerable
sample size and global reach, providing a comprehensive
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overview of plasma transfusion practices in the ICU set-
ting. This enhances the generalizability of the findings,
allowing for meaningful insights into transfusion patterns
across diverse patient populations and healthcare settings.
However, Europe was overrepresented in this database. A
notable limitation of the study is that we do not have a fur-
ther subdivision on the reason for prophylactic transfu-
sions and can therefore not be certain that the reason is a
coagulopathy (without bleeding) or another prophylactic
reason or, for example, plasmapheresis. We observed a sub-
stantial proportion of missing INR values. This limitation
leads to smaller subgroups, decreasing the statistical power
and precision of conclusions drawn regarding INR changes
per transfusion indication. Consequently, interpretations
regarding INR changes should be approached with cau-
tion, considering them as primarily descriptive. However,
they are in line with previously published studies.

5 | CONCLUSION

Plasma transfusions occurred in 10% of ICU patients.
Over a third of these transfusions were given for non-
bleeding indications and might have been avoidable.
Future research should identify possible barriers to
implementing current guidelines that advise against
transfusing plasma for non-bleeding indications and
acquire evidence for effectiveness for other indications of
plasma transfusion in non-bleeding patients.
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