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Methods: We performed a sepsis-specific sub-analysis of the International
Point Prevalence Study of Intensive Care Unit Transfusion Practices, a prospec-
tive, multicenter, observational study capturing all adult ICU admissions dur-
ing four pre-scheduled weeks between March 2019 and October 2022. Patients
admitted with sepsis or septic shock, or who developed sepsis during their ICU
stay, were included. We recorded demographics, daily laboratory values, and
transfusion triggers. Primary endpoints were the proportions of patients receiv-
ing RBCs, platelets, or plasma; secondary endpoints were indications, pre-
transfusion thresholds, and blood loss.

Results: Among 3643 screened patients, 799 (22%) fulfilled sepsis criteria;
within this subgroup, 317 (40%) received at least one blood component. RBCs
were transfused in 269 patients (34%), primarily to address anemia or hemody-
namic instability, at a mean pre-transfusion hemoglobin of 7.5 + 1.4 g/dL, con-
sistent with restrictive practice. Platelets were given to 78 patients (10%) for
prophylaxis or active bleeding at a median count of 26 x 10° cells/L (inter-
quartile range 16-51 x 10° cells/L). Plasma was administered to 108 patients
(14%), half for bleeding control and half for non-bleeding indications.
Conclusions: This largest international snapshot of septic ICU transfusion
practices confirms adherence to restrictive RBC thresholds but reveals substan-
tial variability in platelet and plasma use. These findings underscore the need
for targeted trials to refine transfusion guidelines in sepsis.

1 | INTRODUCTION

The transfusion of red blood cells (RBCs), platelets, and
plasma is a common therapeutic intervention in the
intensive care unit (ICU).'” Patients with sepsis often
exhibit abnormalities in peripheral blood counts, clotting
proteins, and antithrombotic factors, which can manifest
in conditions such as anemia, thrombocytopenia, leuko-
penia, disseminated intravascular coagulation (DIC), and
functional deficiencies of coagulation factors.*™°

RBC transfusions are a cornerstone in managing
severe anemia, aiming to restore oxygen delivery to tis-
sues and mitigate potentially compromised tissue oxygen-
ation. While some studies highlight benefits such as
improved hemodynamics and oxygenation, concerns per-
sist regarding limited clinical impact and potential
adverse effects, including heightened infection risk and
immune modulation.”” In recent decades, studies focus-
ing on sepsis have highlighted the safety of restrictive
transfusion practices, recommending a 7 g/dL hemoglo-
bin (Hb) threshold for critically ill patients with
sepsis.'®** Nonetheless, patient heterogeneity, including
age, physical reserve, hemodynamic status, comorbid-
ities, and concurrent therapies, likely necessitates tailored
transfusion strategies."”"

Although platelet and plasma transfusions are fre-
quently used to manage thrombocytopenia and coagulo-
pathy in sepsis,"*"” robust evidence guiding the optimal
administration of platelets, plasma, or other coagulation
factors remains limited. As a result, the most recent Sur-
viving Sepsis Campaign offers only confined recommen-
dations on this topic.” Elevated platelet turnover and
consumption in septic patients may reduce the efficacy of
platelet transfusions, thereby limiting their potential ben-
efits.'® Moreover, platelet transfusions in patients with
sepsis have been linked to increased mortality, raising
concerns about their overall therapeutic value.'” The
Platelet Administration prior to CEntral line inseRtion
(PACER) trial, which included both ICU and hematology
patients with a substantial proportion of sepsis cases,
demonstrated that withholding prophylactic platelet
transfusion in patients with platelet counts of 10 x 10 to
50 x 10° cells/L more than doubled the risk of clinically
significant bleeding after central venous catheter place-
ment. This effect appeared more pronounced in hematol-
ogy patients, while the benefit for ICU patients was less
evident.'® Moreover, the effectiveness of plasma transfu-
sion in non-bleeding critically ill patients remains
unproven,'>'*?* and current guidelines advise against its
routine use.
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Despite evidence supporting the restrictive use of
RBC, platelet, and plasma transfusions, the application of
these restrictive guidelines appears to be frequently
debated by physicians, and existing research on transfu-
sion practices is often limited, particularly in sepsis.
Existing research on transfusion practices is often
restricted to specific blood components or confined to
single-country or single-center studies,”*"** offering a
fragmented view of global practices. Given the variability
in sepsis management, particularly regarding transfusion
practices,”** an international overview is essential to bet-
ter understand current approaches and to identify gaps in
current research and clinical applications. While closer
alignment with evidence-based thresholds is expected for
RBC transfusions, greater variability is anticipated in
platelet and plasma transfusions.

2 | METHODS

2.1 | Study design and population

This pre-defined sub-study focused on patients with sep-
sis or septic shock who were included in the International
Point Prevalence Study of Intensive Care Unit Transfusion
Practices (InPUT) study.**

The InPUT-study was an international, multicenter
cohort study spanning 30 countries and 233 centers,
focusing on ICU transfusion practices. A detailed proto-
col has been published previously.*®

The study adhered to the Declaration of Helsinki and
received institutional and ethical approvals. It was also
conducted and reported in accordance with the Strength-
ening the Reporting of Observational Studies in Epidemi-
ology (STROBE) guidelines, as outlined in Table S1.

2.2 | Data collection
Data were prospectively collected over 16 pre-scheduled
weeks between March 2019 and October 2022, including
all adult ICU patients admitted during this period (aged
>18 years). This sub-study focused on patients with sepsis
or septic shock, including those who developed
sepsis after ICU admission. These patients were followed
daily until Day 28 or ICU discharge, whichever came
first. Collected data included baseline demographics,
daily clinical parameters (such as transfusion status and
laboratory values), sequential organ failure assessment
(SOFA) scores, and Day 28 outcomes.

Every administration of RBCs, platelets, or plasma was
documented as a distinct transfusion event. In instances
where multiple transfusions occurred within the same

day, each was recorded separately. Laboratory findings
and clinical indications were captured for each transfusion
to provide insight into clinical decision-making.

2.3 | Definitions and outcomes

Sepsis was defined as a suspected or confirmed infection
with an acute increase of >2 SOFA points. Septic shock
was defined by the requirement for vasopressor therapy
to maintain a mean arterial pressure (MAP) of
>65 mmHg, along with a lactate level >2 mmol/L
(18 mg/dL) despite adequate fluid resuscitation, as deter-
mined by the attending physician.* Patients were classi-
fied as having developed sepsis if they were admitted for
another reason and developed sepsis from Day 2 of ICU
admission onward.

Anemia was classified according to World Health
Organization guidelines, with Hb levels below 13 g/dL for
males and below 12 g/dL for females.*® Thrombocytopenia
was defined as platelet counts below 150 x 10° cells/L.*’
For descriptive purposes, an international normalized ratio
(INR) >1.5 was considered elevated. Prophylactic transfu-
sion was defined as administration of platelets or plasma
intended to prevent spontaneous bleeding, excluding cases
where transfusion was given in preparation for an invasive
procedure, which were classified as pre-procedure.

The study's primary outcomes were the incidence
rates of blood component transfusions, including RBC,
platelet, and plasma transfusions. Secondary outcomes
included the clinical reasons for transfusions, compari-
sons of ICU length of stay, blood loss, and laboratory
values between transfused and non-transfused patients.
Finally, mortality comparisons between transfusion
groups were presented as unadjusted analyses. Given the
complexity of potential confounders, performing adjusted
analyses exceeded this study's scope. Supplemental ana-
lyses include statistical assessments focused on patients
admitted in a state of septic shock.

2.4 | Statistical analysis

Descriptive statistics were presented as mean (+ standard
deviation [SD]) or median (25th-75th percentile, inter-
quartile range [IQR]) for continuous data, according to
the data distribution. Categorical data were reported as
counts and percentages (N, %). Transfusion events were
documented as the overall occurrence rate and total units
transfused for the entire sepsis cohort, as well as separate
analyses focusing specifically on patients with septic
shock (see supplementary analyses: Supplemental
Table 2-4). Analyses of Hb, platelet counts, or INR values
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were conducted only for transfusion events when these
variables were reported. No data imputation was per-
formed due to variable amounts of missing pre- or post-
transfusion data, which were assumed to be missing, not
at random.

Statistical analyses included: (1) population compari-
sons based on transfusion status, and (2) in-depth
descriptive analyses for each specific transfusion type. To
compare transfused and non-transfused populations,
either the Student's t-test, Mann-Whitney U test, or chi-
squared test was used, where appropriate. A Bonferroni
correction was applied to adjust for multiple pairwise
comparisons within a single subset of data.

For all analyses, a two-sided p-value <.05 was consid-
ered significant. Differences are described using a
Hodges-Lehmann estimated median, mean or percentage
difference with 95% confidence interval. Data analyses
were performed using R software within the RStudio
interface (version 4.2.2; Boston, MA, 2022).

3 | RESULTS

In this sub-study, we included 799 patients who were
admitted for sepsis, septic shock, or who developed sepsis
subsequently during their ICU stay. This subset

—
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represented 22% of the total InPUT cohort (N = 3643).
Within this sepsis cohort, 317 patients (40%,
N = 317/799) received at least one type of blood product.
Figure 1 shows a detailed overview of enrollment and
transfusion status in this study.

Baseline characteristics of the study population are pro-
vided in Table 1. The majority of patients were male (61%,
N = 491/799) with a median age of 65 years (IQR 55-75).
Nine out of 10 admissions were in an emergency setting,
with the primary referral source being the Emergency
Room (36%, N = 293), followed by admissions from the
hospital ward (31%, N = 249/799). Nearly half of the cohort
(49%, N = 395) had septic shock at admission. Upon admis-
sion, 58% (N = 460/799) of the patients presented with ane-
mia, 26% (N = 207/799) with thrombocytopenia, and 12%
(N =97/799) had an elevated INR above 1.5.

3.1 | RBC transfusion

RBC transfusions were administered in 34% of patients
(N =269/799) during their ICU stay, with a median of
two transfusion events per transfused patient (IQR 1-3),
with a median of 2 units transfused per patient (IQR 1-5)
(Table 2). Among the 656 RBC transfusion events
(Figure 2A), low Hb was the predominant indication to
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TABLE 1 Baseline characteristics of the study population, and stratified per transfusion status.
All Non-
participants transfused Transfused Difference®
(N =1799) (N = 482) (N =317) p-Value 95% CI)
Patient characteristics
Age 65 (55-75) 65 (56-75) 64 (55-75) .60 1(-21t03)
Female 308 (39) 187 (39) 121 (38) .92 1(—8t06)
Medical history®
Acute coronary syndrome 71 (9) 43(9) 28 (9) 1.0 0(—4to4)
Chronic kidney disease 109 (14) 59 (12) 50 (16) 2 3.5(-1t09)
Chronic obstructive pulmonary disease 108 (14) 75 (16) 33(10) .58 5(—1to 10)
Heart failure 128 (16) 77 (16) 51 (16) 1.0 0(—=5to5)
Hematological disease—benign 11 (1) 73) 4(1) 1.0 0(—1to2)
Hematological disease—malignant 39 (5) 14 (3) 25 (8) .03 5(2-8)
Liver failure 39(5) 15(3) 24 (8) .00 5(1-8)
Other 382 (48) 154 (32) 84 (27) 1 6 (—1to 12)
No comorbidities 222 (28) 135 (28) 87 (27) 9 1(—6to7)
Type of admission
Emergency 711 (89) 438 (91) 273 (86) .05 5(0-9)
Presence of sepsis at admission, without 214 (27) 133 (28) 81 (25) .56 2(—41t038)
shock
Presence of septic shock at admission 395 (49) 255 (53) 140 (44) .02 9 (2-16)
Admitted for other reason (developed 190 (24) 94 (20) 96 (30) <.00 11 (5-17)
sepsis during admission)
Surgery <24 h prior to ICU admission 201 (25) 99 (21) 102 (32) .05 12 (5-18)
Severity scores
APACHE 1V score at admission 64 (42-87) 60 (39-83) 72 (47-93) <.00 10 (5-14)
SOFA score at first 24 h of sepsis 7 (4-10) 7 (4-9) 8(5-11) <.00 2 (1-3)
diagnosis
Department prior to ICU admission
Emergency room 293 (37) 196 (41) 97 (31) <.00 10 (3-17)
Hospital ward 249 (31) 136 (28) 113 (36) .03 7 (1-15)
Operating room 157 (20) 84 (17) 73 (23) .06 6(—0to11)
Other hospital 98 (12) 65 (14) 33 (10) 24 3(—2t0 )
Other 2(0) 1(0) 1(0) 1.0 0(-1to1)
Additional supportive therapy at admission®
Mechanical ventilation 380 (48) 219 (45) 161 (51) 15 5(—2to12)
Renal replacement therapy 75(9) 37 (8) 38 (12) .05 4(0-9)
ECMO 5(1) 0(0) 5(1) .01 -
Other support 23 (3) 11 (2) 12 (4) .6 2(—1to4)
Laboratory results (at admission)
Hemoglobin (g/dL) 11.4 (+2.8) 12.3 (+2.5) 10.0 (+2.8) <.00 2.3(1.8-2.7)
Platelet count (x10° cells/L) 202 (136-288) 208 (145-287) 189 (108-293) .02 23 (3-42)
INR 1.2 (1.1-1.5) 1.2 (1.1-1.4) 1.4 (1.1-1.7) <.00 0.1 (0-0.2)
Prothrombin time (s) 14 (13-17) 15 (13-17) 14 (13-17) 9 0(—2to3)
aPTT (s) 32 (28-38) 31 (28-36) 33 (28-42) <.00 2(1-4)

(Continues)



* LTRANSFUSION
TABLE 1 (Continued)
All Non-
participants transfused Transfused Difference®
(N = 799) (N = 482) (N = 317) p-Value  95% CI)
Hematological anomalies (at admission)
Anemia 460 (58) 238 (49) 222 (70) <.00 21 (14-27)
Thrombocytopenia 207 (26) 111 (23) 96 (30) .01 7 (1-14)
Elevated INR (>1.5) 97 (12) 38(8) 59 (19) <.00 11 (6-16)
Elevated aPTT (>36 s) 135 (17) 62 (13) 73 (23) <.00 10 (5-16)

Note: Data are expressed as mean + standard deviation, median [25th-75th percentile], or number (%). Statistical comparisons were performed using the
Student's t-test, Mann-Whitney U test, or chi-square test, with a significance threshold of p < .05 in bold. No Bonferroni correction was applied, results should

be interpreted accordingly.

Abbreviations: APACHE IV, acute physiology and chronic health evaluation IV; aPTT, activated partial thromboplastin time; CI, confidence interval; ECMO,
extracorporeal membrane oxygenation; h, hours; ICU, intensive care unit; INR, international normalized ratio; SOFA, sequential organ failure assessment.
“Difference: Hodges Lehman median difference, mean difference or percentage difference with 95% confidence interval.

"Multiple options possible.

transfuse (86%, N = 564/656), with additional common
reasons being hemodynamic instability = (31%,
N =201/656) and active bleeding (26%, N = 171/656).
Overlap analyses showed that 258 events (39%) were due
to low Hb alone, 165 (25%) to low Hb combined with
hemodynamic instability, and 125 (19%) to low Hb com-
bined with active bleeding. The mean Hb before transfu-
sion was 7.5 + 1.4 g/dL, which rose by 1.4 + 1.3 g/dL
post-transfusion. One-third of transfusions took place
without a reported pre-defined transfusion threshold,
while only 23% of patients (N = 149/656) were assigned a
restrictive threshold (<7 g/dL) prior to transfusion.

At admission, 58% of patients with sepsis or septic
shock (N = 460/799) were anemic; by the end of the
study period, this proportion rose to 93% (N = 744/799)
(Table 3). Nearly all who received RBC transfusions
(99%, N = 266/269) experienced anemia during their ICU
stay. Compared to non-transfused patients, those receiv-
ing RBCs showed significantly lower mean weighted Hb
levels and nadir values; as illustrated in Figure 3A, mean
lowest Hb was 7.1 + 1.4 g/dL among transfused patients
versus 10.0 + 1.9 g/dL in non-transfused patients. RBC-
transfused patients also showed a higher mean SOFA
score throughout their ICU stay and a longer median
ICU stay compared to non-transfused patients (Table 3).
By Day 28, overall mortality was 39% (N = 313/799), with
unadjusted mortality rates of 42% (N = 222/530) in trans-
fused and 34% (N = 91/269) in non-transfused patients.

3.2 | Platelet transfusion events

Platelet transfusions occurred in 10% of patients
(N =78/799) during their ICU stay, with a median of
1 transfusion event per transfused patient (IQR 1-2). As
shown in Figure 2B, prophylactic transfusions were the

most frequent indication (55%, N = 112/203), followed by
transfusions for active bleeding (36%, N = 73/203). Pre-
transfusion platelet counts were available in 91% of trans-
fusion events (N = 184/203), with a median of 26 x 10’
cells/L (IQR 16-51 x 10° cells/L). Post-transfusion plate-
let counts were available in 62% of events (N = 125/203),
with a median increase of 15 x 10° cells/L (IQR 4-
32 x 10° cells/L) after transfusion.

Nearly half of the platelet-transfused patients had no
pre-defined transfusion threshold. Among those who
received platelet transfusions, 96% (N = 75/78) developed
thrombocytopenia at some point during ICU admission;
in contrast, 22% (N = 160/799) of non-transfused patients
had thrombocytopenia at admission, rising to 52%
(N = 378/799) by the end of the study period (Table 3).
Transfused patients had significantly lower nadir platelet
counts than non-transfused patients (23 x 10° cells/L
[IQR 10-42 x 10’ cells/L] vs. 138 x 10° cells/L [IQR 86—
203 x 10 cells/L]; Figure 3B).

These patients also frequently required other blood
products: 81% received RBCs and 56% received plasma
(Figure 1). They had higher weighted mean SOFA scores
(10.1 £ 4.5 vs. 6.3 = 3.7), longer ICU stays, and greater
blood loss (110 + 197 mL vs. 32 + 106 mL). Reflecting
their greater illness severity, unadjusted 28-day mortality
was higher in transfused patients (60%, N = 47/78) than
in non-transfused patients (34%, N = 245/721).

3.3 | Plasma transfusion events

Plasma transfusions were administered to 108 (14%)
patients, totaling 180 transfusions, with a median of one
transfusion event per patient (IQR 1-2) and 3 units per
event (IQR 2-5) (Table 2). Pre-transfusion INR was
recorded in 84% of these events, with a median of 1.6
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TABLE 2

RBC transfusions
N. events
N. of transfusion events per patient
Total units transfused per patient
N. RBC units per event
Product ordered by
Intensivist
Specialist, non-intensivist
Resident

Other

Clinical characteristics of blood transfusion events.

656
2 (1-3)
2(1-5)
1(1-2)

464 (71)
22(3)
94 (14)
76 (12)

Primary medical specialty of transfusion requestor

Anesthesiology
Intensivist
Cardiology
Internal medicine
Pulmonology
Surgery
Other
Hemoglobin values

Hb measured prior to transfusion
event

Hb before transfusion (g/dL)
Hb post-transfusion (g/dL)

Hb increase after transfusion
(g/dL)

Pre-defined threshold (g/dL)

Transfusion policy

Restrictive (<7 g/dL)
Intermediate (7-9 g/dL)
Liberal (>9 g/dL)
No threshold
N. MTP
N. whole blood
Platelet transfusion
N. events
N. of transfusion events per patient
Total units transfused per patient
N. platelet units per event
Product ordered by
Intensivist
Specialist, non-intensivist
Resident

Other

316 (48)
149 (24)
9(1)
116 (18)
32(5)
29 (4)
41)

629 (96)

7.5 (+1.4)
8.9 (+1.3)
1.4 (£1.3)

8 (7-9)

Stated
target

149 (23)
157 (24)
137 (21)
213 (33)
13 (2)
6(1)

Used
target

232 (35)
323 (49)
56 (9)
45 (7)

203
1(1-2)
2 (1-6)
1(1-2)

149 (73)
34 (17)
17 (8)
3(2)

Primary medical specialty of transfusion requestor

(Continues)

TABLE 2 (Continued)

Platelet transfusion
Anesthesiology
Intensivist
Cardiology
Internal medicine
Pulmonology
Surgery
Other

Platelet values

Platelets measured prior to
transfusion event

Platelet count before transfusion
(x10° cells/L)

Platelet count post-transfusion
(x10° cells/L)

Platelet count increase
(x10° cells/L)

Transfusion policy

Minimal (<20 x 10’ cells/L)
Low (21-50 x 10° cells/L)

Intermediate (51-100 x 10° cells/L)

High (>100 x 10° cells/L)

No threshold
Antiplatelet use in prior week
Plasma transfusion
N. events
N. of transfusion events per patient
Total units transfused per patient
N. plasma units per event
Product ordered by

Intensivist

Specialist, non-intensivist

Resident

Other

TRANSFUSION-L—

64 (32)
44 (22)
2(1)
78 (39)
2(1)
8(4)
3(2)

184 (91)

26 (16-51)

54 (27-78)

15 (4-32)

Used
target

65 (32)
71 (35)
37 (18)
10 (5)
19 (9)

Stated
target

21 (10)
62 (31)
12 (6)
12 (6)
96 (47)
12 (6)

180

1(1-2)
3(2-5)
2(1-3)

136 (76)
30 (17)
14 (8)
0(0)

Primary medical specialty of transfusion requestor

Anesthesiology
Intensivist
Cardiology
Internal medicine
Pulmonology
Surgery
Other

Lab values

INR measured before transfusion

104 (58)
25 (14)
5(3)

26 (14)
9(5)

10 (6)
1(1)

152 (84)

(Continues)
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TABLE 2 (Continued)

Plasma transfusion

INR target 1.3 (1.2-1.5)

N. INR target stated 107 (59)

INR before transfusion 1.6 (1.3-2.4)

INR after transfusion 1.5 (1.2-2.0)

INR decrease after transfusion 0.2 (0.0-0.6)
Transfusion policy Stated Used

target target

INR >3.0 0 (0) 26 (14)

INR 1.5-3.0 21 (12) 56 (31)

INR <1.5 86 (48) 70 (39)

No threshold 73 (41) 28 (16)
Anticoagulant use in week before 75 (42)

transfusion

Note: Data are presented as mean + standard deviation (SD), median [25th—
75th percentile], or count (%). “Stated target” indicates the intended
transfusion threshold as reported by the treating clinician, whereas “Used
target” denotes the actual laboratory value (Hb, platelet count, or INR) at
the time of transfusion.

Abbreviations: Hb, hemoglobin; ICU, intensive care unit; INR, international
normalized ratio; MTP, massive transfusion protocol; RBC, red blood cells.

(IQR 1.3-2.4), decreasing by 0.2 (IQR 0.0-0.6) following
transfusion. In 41% of transfusions (N = 74/180), no spe-
cific INR target was documented prior to transfusion.
Figure 2C shows active bleeding as the most frequent
clinical indication (51%, N = 91/180), followed by pro-
phylactic treatment (34%, N = 61/180).

Evaluated independently, 23% (N = 25/108) of the
plasma recipients had an INR over 1.5 upon admission,
in contrast to 10% (NN = 72/691) of those who did not
receive plasma. While pre-transfusion INR was measured
in most transfusion events, under 5% of patients
underwent routine prothrombin time (PT) or INR checks
during their ICU stay. A substantial number of plasma-
transfused patients additionally received other blood
products, with 79% (N = 85/108) receiving RBCs and 41%
(N = 44/108) receiving platelets (Figure 1).

Plasma recipients were more critically ill, reflected in
higher SOFA scores (9.3 + 4.7 vs. 6.2 + 3.6), greater blood
loss (139 + 240 mL vs. 24 + 78 mL), and longer ICU stays
(median 8 days [IQR 4-16] vs. 5 days [IQR 3-10]). In line
with these findings, unadjusted 28-day mortality was higher
among plasma-transfused patients (51%, N = 55/108) than
in the non-transfused group (35%, N = 241/691).

4 | DISCUSSION

This study represents the largest prospective, interna-
tional, multicenter observational cohort investigating

contemporary transfusion practices in ICU patients with
sepsis. In this population, 40% of patients underwent
transfusion with at least one type of blood product.
One-third (34%) of patients received RBC transfusions,
primarily to manage low Hb levels and establish hemody-
namic instability, with Hb thresholds broadly aligning
with current transfusion guidelines. Platelet transfusions
were administered to approximately 10% of patients,
while plasma transfusions were given to 14%, mainly for
prophylactic purposes or to treat active bleeding.

RBC transfusions continue to play a pivotal role in
managing sepsis, as shown by their use in one-third of
patients in this cohort. Current guidelines and literature
recommend reserving RBC transfusions for sepsis
patients with a Hb below 7 g/dL, regardless of hemody-
namic state.>**°

Our mean pre-transfusion Hb (7.5 + 1.4 g/dL) aligns
with a 2019 ICU physician survey,** indicating improved
compliance with restrictive transfusion guidelines com-
pared to a transfusion-related sub-analysis of the Inten-
sive Care Over Nations (ICON) cohort (8.1 + 1.5 g/dL).
The ICON study was a worldwide observational cohort
study of general ICU patients conducted in 2012.> How-
ever, given that transfusion was not the primary endpoint
in the ICON study, a degree of reporting bias cannot be
ruled out. Patient-specific variables and clinical judgment
remain paramount, indicating that transfusion decisions
should not be reduced to a single rigid cut-off.

Platelet and plasma transfusions were less common
than RBC transfusions. Platelet transfusions were admin-
istered to 10% (N = 78/799) of patients, either to mitigate
bleeding risk or to control acute bleeding. Thrombocyto-
penia, a common condition among ICU patients, is par-
ticularly prevalent and severe in those with sepsis, who
face elevated bleeding risks and often exhibit significantly
lower platelet counts compared to the general ICU
population.”®*° This heightened risk is driven by sepsis-
induced coagulation system activation, coupled with sup-
pression of anticoagulation and fibrinolytic pathways,
which promote microthrombi formation and further
reduce platelet counts.*>**

Thrombocytopenia is increasingly recognized as a
marker of poor prognosis in sepsis, often reflecting sys-
temic inflammation, coagulopathy, and organ dysfunc-
tion.*® While platelet transfusions have traditionally been
administered to reduce bleeding risk prior to invasive
procedures, this practice is being increasingly challenged
by a lack of supporting evidence."'”***> Indeed, a recent
meta-analysis performed for the international guideline
from the Advancement of Blood and Biotherapies
(AABB) demonstrated that restrictive platelet transfusion
strategies were non-inferior to liberal ones, leading to a
lowering of thresholds in different procedural and pro-
phylactic contexts.®® Within the platelet-transfused
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RBC Transfusions Reasons (Total N=656)
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Platelet Transfusions Reasons (Total N=203)
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(A-C) Clinical reasons for red blood cell (RBC)/platelet/plasma transfusions multiple reasons for transfusion could be

recorded per event. Other reasons included: Platelet transfusions;coagulopathy (N = 3), during surgery (N = 1), at the discretion of the
hematology department (N = 1). Plasma transfusions;(low platelet count (N = 4), COVID-19 (N = 3) (Coronavirus Disease 2019), low

hemoglobin (N = 1). VHA, visoelastic hemostatic assay. [Color figure can be viewed at wileyonlinelibrary.com]

cohort, most transfusions were administered either for
prophylactic purposes or prior to invasive procedures.
This practice underscores the need to adhere to evidence-
based recommendations and to pursue additional
research, as emerging data increasingly question tradi-
tional liberal thresholds and the overall efficacy and
safety of platelet transfusions in this setting.

In our cohort, 14% (N = 108/799) of patients received
plasma transfusions, split equally between bleeding and
non-bleeding indications. This contrasts with prior
reports indicating that plasma is frequently administered
or considered in over half of non-bleeding sepsis
patients,”*’” which may reflect a shift in clinical practice
given the limited supporting evidence."

Despite these trends, sepsis-induced coagulopathy
(SIC) remains a significant challenge, affecting 50% to
70% of sepsis patients and progressing to DIC in about
30%.***° There is no evidence supporting plasma

transfusions for managing SIC or DIC; current evidence
suggests that plasma transfusions do not improve coagu-
lopathy and are associated with increased mortality,
particularly in patients with sepsis.'>*° Therefore, the
administration of plasma for non-bleeding patients in
our study contrasts with current guidelines, which dis-
courage plasma transfusions in these patients." More-
over, studies consistently report no benefit from
prophylactic plasma transfusions, either in the general
ICU population,**™** or specifically among sepsis
patients.'>*%*> These transfusions frequently fail to
achieve meaningful hemostatic improvements and may
pose additional risks, including volume overload,
immune modulation, and an increased susceptibility to
infections.*® These results call for further research to
identify alternative strategies for managing coagulation
abnormalities in septic patients, focusing on interven-
tions that balance efficacy and safety.
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TABLE 3 Detailed clinical characteristics during intensive care unit stay, stratified by transfusion status.
All participants Non-transfused Transfused p-Value Difference (95% CI)*
Red blood cell transfusion
N. patients 799 (100) 530 (66) 269 (34)
Median ICU stay (days) 5(3-11) 5(3-9) 8 (4-16) <.00 3(2-3)
Blood loss (mL)° 40 (+120) 15 (+58) 88 (+182) <.00 72 (49-94)
SOFA® 6.6 (+4) 6.2 (+4) 7.6 (+4) <.00 1.4 (0.8-2.1)
Laboratory values during ICU stay
Hb® 10 (+2.0) 10.8 (+1.9) 8.6 (+1.3) <.00 2.3 (2.0-2.5)
Nadir Hb 8.9 (+2.2) 10.0 (+1.9) 7.1 (+1.4) <.00 2.9 (2.7-3.1)
Anemia at admission 460 (58) 266 (50) 194 (72) <.00 22 (15-29)
Anemia® 744 (93) 478 (90) 266 (99) <.00 9 (6-12)
Platelet transfusion
N. patients 799 (100) 721 (90) 78 (10)
Median ICU stay (days) 5(3-11) 5(3-10) 8 (4-18) <.00 2 (1-3)
Blood loss (mL)° 40 (+120) 32 (+106) 110 (+197) <.00 78 (33-123)
SOFA® 6.6 (+3.9) 6.3 (+3.7) 10.1 (+4.5) <.00 3.8 (2.7-5)
Laboratory results during ICU stay
Platelet count® 197 (+120) 210 (+117) 77 (£77) <.00 133 (109-157)
Nadir platelet count 126 (68-195) 138 (86-203) 23 (10-42) <.00 120 (105-136)
Admission thrombocytopenia 207 (26) 160 (22) 47 (60) <.00 38 (27-49)
Thrombocytopenia® 453 (57) 378 (52) 75 (96) <.00 44 (38-49)
51-150 x 10° cells/L 326 (41) 306 (42) 20 (26) <.00 17 (6-27)
21-50 x 10 cells/L 85 (11) 57 (8) 28 (36) <.00 28 (17-39)
<20 x 10° cells/L 42 (5) 15 (2) 27 (35) <.00 33 (22-43)
Plasma transfusion
N. patients 799 (100) 691 (87) 108 (13)
Median ICU stay (days) 5(3-11) 5(3-10) 8 (4-16) <.00 2(1-3)
Blood loss (mL)° 40 (120) 24 (78) 139 (240) <.00 115 (69-161)
SOFAP 6.6 (+3.9) 6.2 (+3.6) 9.3 (+4.7) <.00 3(2-4)
Admission INR elevated >1.5 97 (12) 72 (10) 25(23) .02 13 (5-21)

Note: Data are presented as mean =+ standard deviation (SD), median [25th-75th percentile], or count (%). Group differences were evaluated using Student's ¢-
test, Mann-Whitney U test, chi-square test, Analysis of Variance (ANOVA), or Kruskal-Wallis test with Bonferroni correction, with significance defined as

p < .05 indicated in bold.

Abbreviations: CI, confidence interval; Hb, hemoglobin; ICU, intensive care unit; INR, international normalized ratio; SOFA, sequential organ failure
assessment.

“Difference: Hodges Lehman median difference, mean difference and percentage difference with 95% confidence interval.

"Weighted by ICU length of stay (days).

“Anemia defined as hemoglobin <12 g/dL for women and <13 g/dL for men (according to definition World Health Organization).

dThrombocytopenia defined as platelet count <150 cells x 10°/L, during ICU stay.

4.1 | Strengths and limitations healthcare settings, offering a robust and globally

representative depiction of current practices. Addi-

This study provides several strengths that contribute
to a deeper understanding of transfusion practices in
ICU patients with sepsis. As one of the most exten-
sive prospective cohort studies focusing on sepsis, it
evaluates transfusion practices across diverse

tionally, the prospective design ensured systematic
data collection, reducing the risk of recall bias and
increasing the reliability of our results. Including
specific reasons for transfusion decisions further
adds depth to the analyses, providing nuanced
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(B) Violin Plot of Lowest Platelet count by Transfusion Status
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(A) A violin plot with boxplot overlay illustrating the distribution of minimum hemoglobin (Hb) levels by transfusion status,

with the red blood cell transfused group shown in red and the non-transfused group in blue. (B) A violin plot with boxplot overlay

illustrating the distribution of minimum platelet count levels by transfusion status, with the platelet-transfused group shown in red and the
nontransfused group in blue. Abbreviations: RBC, red blood cell; plt, platelet count. [Color figure can be viewed at wileyonlinelibrary.com]

insights into the use of various blood products in
patients with sepsis.

While this study provides valuable insights into
transfusion practices in ICU patients with sepsis, it is
not without limitations. Despite its international scope,
most centers were in middle- to high-income countries,
limiting generalizability to lower-income settings. A
notable limitation was the inability to monitor the tran-
sition from sepsis to septic shock during the ICU stay, as
daily lactate measurements were not included in the
study protocol. Consequently, we were only able to
identify patients admitted in a state of septic shock,
potentially underestimating the actual burden of septic
shock in this cohort. Further, the absence of data on the
source of sepsis limits our understanding of how differ-
ent infection etiologies may impact transfusion prac-
tices. Similarly, the lack of fluid balance data, which
influences both hemodynamic stability and Hb concen-
trations, limits our ability to fully contextualize transfu-
sion thresholds within the broader framework of sepsis
management.

Finally, mortality comparisons between transfusion
groups were presented as unadjusted analyses. Given the
complexity of potential confounders, performing adjusted
analyses exceeded this study's scope. Consequently, these
comparisons should be interpreted cautiously and cannot
be regarded as establishing causal relationships between
transfusions and mortality.

In conclusion, this study provides a comprehensive
overview of transfusion practices in patients with sepsis
and septic shock, demonstrating frequent use of RBC,
platelet, and plasma transfusions. While RBC transfu-
sions largely follow restrictive thresholds in line with

evidence-based guidelines, platelet and plasma transfu-
sions are often administered for indications with limited
supporting evidence. These findings highlight areas for
future research and potential opportunities to improve
clinical practice.
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