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Although restrictive strategy for
transfusion of red blood cells
has been shown to be associ-
ated with equal or superior

outcome to liberal strategy (1), data are
scarce regarding the use of fresh frozen
plasma (FFP) in clinical practice (2).
Most clinical uses of FFP, even those cur-
rently recommended by practice guide-
lines (3, 4), are not supported by evidence
from randomized trials (5). In addition to
very little medical evidence documenting
the effectiveness of its use (5, 6), FFP

transfusion is associated with significant
adverse affects. These include transfu-
sion-related acute lung injury, transfu-
sion-related circulatory overload, and
rarely, allergic reactions.

Although active bleeding is usually
considered an absolute indication for the
use of FFP for correction of coagulopa-
thy, prophylactic use of FFP (such as be-
fore an invasive procedure) has been con-
troversial (5). The risk–benefit ratio of
prophylactic FFP use for correction of
coagulopathy in the absence of active
bleeding has not been studied. The aims
of the present study were: 1) to assess the
variability in practice regarding the use of
FFP in patients admitted to a medical
intensive care unit (ICU) with coagulopa-
thy but no active bleeding, 2) to assess
the compliance with published practice
guidelines for the use of FFP, and 3) to
compare the prevalence of new bleeding,
transfusion complications, and overall
outcome in critically ill patients without
active bleeding who did or did not receive
FFP for the correction of coagulopathy.

MATERIALS AND METHODS

This retrospective cohort study was con-
ducted at a 24-bed medical ICU at a tertiary
care medical center in Rochester, MN. The
institutional review board of our institution
approved this study.

From a cohort of patients admitted to the
medical ICU who had a prothrombin time
measured between March 1 and July 31, 2004,
we identified those who had international nor-
malized ratio (INR) of �1.5 at any time during
their ICU stay (Fig. 1). Each patient’s elec-
tronic medical record was searched for the
details of predictor and outcome variables.

Predictor variables measured included age,
sex, Acute Physiology and Chronic Health
Evaluation (APACHE) III Score (7), INR level,
FFP transfusion, and indication. For patients
who received FFP transfusion, the level of INR
prompting FFP transfusion was recorded. For
patients not transfused FFP, the highest level
of INR during their ICU stay was recorded.
FFP transfusion was considered to be outside
published guidelines (3–5) if it was given in
the absence of active bleeding (absolute indi-
cation) or invasive procedure (relative indica-
tion).

*See also p. 2714.
From the Division of Pulmonary and Critical Care

Medicine (SID, RR, BA, OG) and the Division of Trans-
fusion Medicine (SBM), Mayo Clinic, Rochester, MN.

Supported, in part, by funds from the Mayo Foun-
dation and the grant from National Blood Foundation,
NBF 2004-05.

The author and coauthors have no financial inter-
ests to disclose.

Copyright © 2005 by the Society of Critical Care
Medicine and Lippincott Williams & Wilkins

DOI: 10.1097/01.CCM.0000186745.53059.F0

Objective: Although restrictive red cell transfusion practice has
become a standard of care in the critically ill, data on the use of
fresh frozen plasma (FFP) are limited. We hypothesized that the
practice of FFP transfusion in the medical intensive care unit is
variable and that liberal use may not be associated with improved
outcome.

Design: Retrospective cohort study.
Setting: A 24-bed medical intensive care unit in a tertiary

referral center.
Patients: All patients admitted to a medical intensive care unit

during a 5-month period who had abnormal coagulation defined
as international normalized ratio (INR) of >1.5-times normal.

Interventions: None.
Measurements and Main Results: We collected data on demo-

graphics, severity of illness as measured by Acute Physiology and
Chronic Health Evaluation (APACHE) III scores, INR, bleeding ep-
isodes, and transfusion complications. We identified 115 patients
with coagulopathy (INR of >1.5) but without active bleeding. A
total of 44 patients (38.3%) received FFP transfusion. INR was
corrected in 16 of 44 patients (36%) who received transfusion.

Median dose of FFP was 17 mL/kg in patients who had INR
corrected vs. 10 mL/kg in those who did not (p � .018). There was
no difference in age, sex, APACHE III scores, liver disease, Cou-
madin treatment, or INR level between those who did and did not
receive FFP. Invasive procedures (68.2% vs. 40.8%, p � .004) and
history of recent gastrointestinal bleeding (41% vs. 7%, p < .001)
were more frequent in the group with transfusion. Although there
was no difference in new bleeding episodes (6.8% in transfused
vs. 2.8% in nontransfused group, p � .369), new onset acute lung
injury was more frequent in the transfused group (18% vs. 4%,
p � .021). Adjusted for severity of illness, hospital mortality and
intensive care unit length of stay among survivors were not
different between the two groups.

Conclusion: The risk–benefit ratio of FFP transfusion in criti-
cally ill medical patients with coagulopathy may not be favor-
able. Randomized controlled trials evaluating restrictive vs.
liberal FFP transfusion strategies are warranted. (Crit Care Med
2005; 33:2667–2671)
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Outcome variables included new bleeding
episodes and FFP complications: acute lung
injury, circulatory overload, and allergic reac-
tions. New bleeding was defined as a bleeding
episode requiring at least one unit of RBC
transfusion that developed within 24 hrs of
FFP administration or, in patients who did not
receive FFP, within 24 hrs of the highest re-
corded INR value. Transfusion reactions asso-
ciated with skin manifestations were generally
classified as allergic (8). Acute lung injury was
defined according to American European Con-
sensus Conference Definition as acute hypox-
emia (PaO2/FIO2 � 300) and development of
bilateral pulmonary infiltrates on chest radio-
graphs in the absence of clinical evidence of
left atrial hypertension (9). Acute lung injury
was considered a new onset if it developed
within 48 hrs after FFP administration or
within 48 hrs after the highest recorded INR
value in patients who did not receive FFP.
Clinical outcomes including hospital mortal-
ity and ICU length of stay among survivors
were also recorded.

Categorical outcome variables were com-
pared between two groups based on the chi-
square test or Fisher’s exact test. Continuous
outcome variables were compared using Stu-
dent’s t-test or rank-sum tests as appropriate.
To determine the clinical characteristics asso-
ciated with FFP transfusion, logistic regres-
sion analysis was performed with FFP trans-
fusion as the dependent variable. The
potentially significant variables identified in
univariate analysis (p � .1) and nonsignificant
biologically plausible variables were entered in

the analysis. The final model was chosen by
stepwise forward selection method to achieve
the best goodness of fit for the whole model.
INR level, recent bleeding, Coumadin antico-
agulation, liver insufficiency, RBC transfu-
sion, and invasive procedure were used as in-
dependent variables in the final model.

RESULTS

A total of 632 patients were admitted
to the medical ICU during the study time
period (Fig. 1). Of these, 129 patients
(20.4%) met our criteria. A total of 14
patients with active bleeding (of whom 13
received FFP) were excluded from subse-
quent analysis. Of 115 patients with ele-
vated INR and no active bleeding, 44
(38.3%) received FFP (Table 1), the ma-
jority (87%) on the first ICU day. FFP was
transfused at a wide range of INR levels
(median, 2.7; range, 1–22), and 14 of 44
patients (32%) received FFP outside pub-
lished guidelines (3, 4). INR was cor-
rected (to �1.5) in only 16 of 44 trans-
fused patients (36%). Median dose of FFP
was 17 mL/kg in patients who had INR
corrected vs. 10 mL/kg in those who did
not (p � .018).

There was no difference in age, sex,
median APACHE III scores, underlying
reason for coagulopathy, presence of
acute lung injury risk factors, or INR
level between the FFP and non-FFP
groups (Table 1). Invasive procedure use

was more frequent in the FFP group
(68.2% vs. 40.8%, p � .004). Of 59 pa-
tients who had to undergo an invasive
procedure, 30 (51%; 95% confidence in-
terval, 38% to 64%) received FFP and 29
(49%; 95% confidence interval, 36% to
62%) did not.

Although there was no difference in
new bleeding episodes (6.8% in FFP vs.
2.8% in the non-FFP group p � .369),
new onset acute lung injury was more
frequent in the FFP group: 18% vs. 4%
(p � .021) (Table 2). The characteristics
of patients who developed acute lung in-
jury are listed in Table 3. There was no
significant difference in number of FFP
units given to patients who did and did
not develop acute lung injury (median
[range]): 5 (3–8) vs. 4 (1–8), p � .319. No
allergic transfusion complications were
observed.

Hospital mortality in the transfused
group was 25.6% in the FFP group vs.
28.2% in the non-FFP group (p � .763).
In survivors, median ICU length of stay
was 2.4 days (interquartile range, 1.7–
6.8) in the FFP group vs. 2 days (inter-
quartile range, 0.9–3.0) in the non-FFP
group (p � .184). When adjusted for the
severity of illness (APACHE III predicted
mortality), FFP transfusion was not inde-
pendently associated with hospital mor-
tality (odds ratio, 0.94; 95% confidence
interval, 0.36 to 2.39).

In the multivariate logistic regression
analysis, invasive procedure (odds ratio,
4.15; 95% confidence interval, 1.62 to
11.71) and recent gastrointestinal bleed-
ing (odds ratio, 8.05; 95% confidence in-
terval, 2.51 to 29.14) were independently
associated with FFP transfusion (Table
4).

DISCUSSION

The main findings of this study are: 1)
significant variation exists in the use of
FFP in nonsurgical critically ill patients
with coagulopathy but without evidence
of active bleeding; 2) in this sample, the
rate of new bleeding episodes was uncom-
mon and did not differ between the
groups that did and did not receive pro-
phylactic FFP transfusions; 3) the use of
FFP was associated with the development
of acute lung injury; and 4) FFP was
commonly transfused outside published
guidelines.

We found a considerable variation in
the FFP transfusion practice. This is evi-
denced by the wide range of INR levels
over which FFP was transfused and the

Figure 1. Flow diagram of the study. Cohort of patients admitted to the medical intensive care unit
(ICU) between March 1, 2004, and July 31, 2004. INR, international normalized ratio; FFP, fresh frozen
plasma.
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overlap with INR levels of patients not
transfused with FFP (Table 1). Of 59 pa-
tients who underwent an invasive proce-
dure, half received FFP and half did not.
This is in line with the previous data
regarding practice variability of other
blood component therapy among criti-
cally ill patients (10). Based on the mul-
tivariate analysis (Table 3), we speculate
that 1) the fear of procedural complica-
tions or recurrent bleeding (justified or
unjustified) and 2) the absence of evi-
dence from the randomized trials are the
main sources of variability.

A significant number of patients with
coagulopathy receive FFP transfusion
without demonstrated efficacy (2, 6). INR
level is known to be a poor predictor of
subsequent bleeding in the critically ill
patient, and in many patients, specific
factor concentrations remain adequate to
prevent microvascular bleeding (2). On
the other hand, our findings confirm pre-
vious observations (2) that the standard
recommended dose of FFP fails to correct
coagulation deficit in a majority of criti-
cally ill patients (in only 16 of our 44
transfused patients was INR corrected af-
ter the FFP transfusion). Therefore, the
current practice of FFP transfusion is
likely to expose the patients to transfu-
sion risks with little or no documented
benefit. Due to recognition of this prob-
lem over the last two decades, new guide-
lines have been promoted to educate the
involved personnel (5). The present study
expands on this literature by demonstrat-
ing that 32% of critically ill medical pa-
tients with elevated INR are transfused
FFP outside of guidelines. It is important
to emphasize that recommendations in
the current guidelines are based on ex-
pert opinion, as no randomized studies
are available.

In the current study, FFP was com-
monly used before an invasive procedure.
Although there is a little evidence for the
effectiveness of the prophylactic use of
FFP (6), previous studies have shown that
invasive procedures can be done safely in
patients with disorders of hemostasis by
skilled physicians who frequently per-
form these procedures (11). This has
been shown repeatedly for central venous
catheterization in multiple settings, in-
cluding general medical, and in liver
transplant recipients (12, 13). It has also
been shown for other procedures, includ-
ing thoracocentesis and paracentesis
(14). Although some published guidelines
currently define invasive procedure as
one of the indications for FFP transfusion

Table 1. Baseline differences between fresh frozen plasma (FFP) and non-FFP groups

FFP
(n � 44)

No FFP
(n � 71) p Value

Demographic
Median age, yrs (IQR) 72 (57 to 81) 68 (59–78) .468
Female Sex, n (%) 25 (56.8) 34 (47.8) .352

Baseline clinical characteristics
Median admission APACHE III score (IQR) 63 (54 to 85) 65 (48 to 82) .924
Median day of interest APACHE III score
(IQR)a

62 (54 to 83) 64 (51 to 77) .940

Median INR level (IQR)a 2.7 (1.7 to 4.1) 2.5 (1.7 to 3.9) .532
Coumadin anticoagulation, n (%) 32 (73) 49 (69) .672
Liver disease, n (%) 9 (20.5) 7 (9.9) .111
DIC, n (%) 2 (4.6) 4 (5.6) .799
Sepsis, n (%) 11 (25) 16 (22.5) .762
Pneumonia, n (%) 3 (6.8) 9 (12.7) .367
Aspiration, n (%) 1 (2.3) 1 (1.4) .855

Other clinical characteristics
Recent GI bleeding, n (%) 18 (40.9) 5 (7) �.001
Invasive procedure, n (%) 30 (68.2) 29 (40.8) .004
Mechanical ventilation, n (%) 17 (39%) 38 (54%) .130
Platelet count (IQR) 194 (131 to 287) 198 (116 to 198) .701
APTT, secs (IQR), n � 33 vs. 47 42 (33 to 59) 37 (32 to 53) .899
Vitamin K, n (%) 20 (45%) 14 (20%) .005
RBC transfusions, n (%) 27 (61.4) 19 (26.8) �.001
Median fluid balance, L (IQR)a 3.0 (1.4 to 4.2) 1.5 (0.1 to 4.0) .057

IQR, interquartile range; APACHE, Acute Physiology and Chronic Health Evaluation; INR, inter-
national normalized ratio; DIC, disseminated intravascular coagulation; GI, gastrointestinal; APTT,
activated partial thromboplastin time; RBC, red blood cells.

aDay of highest INR/FFP transfusion; in 100 of 115 patients, day 1 was the day of interest. Complete
data sets were available for all the variables of interest except for pneumonia (14 missing), aspiration
(14 missing), sepsis (15 missing), and DIC (14 missing).

Table 2. Outcome of patients who did and did not receive fresh frozen plasma (FFP) transfusion

Outcome
FFP

(n � 44)
No FFP
(n � 71) p Value

New bleeding episodes, n (%) 3 (6.8) 2 (2.8) .369
New onset acute lung injury, n (%) 8 (18.2) 3 (4.2) .021
Hospital mortality, n (%) 11 (25.6) 20 (28.2) .763
Median (IQR) ICU length of stay, daysa 2.4 (1.7–6.8) 2 (0.9–3) .184

IQR, interquartile range; ICU, intensive care unit.
aIn survivors.

Table 3. Characteristics of patients who developed acute lung injury (ALI; n � 11)

General
Median (IQR) age, yrs 73 (51–79)
Female sex, n (%) 5 (46)

Median (IQR) APACHE III score 97 (65–127)
ALI risk factors
FFP transfusion, n (%) 8 (73)
Median (IQR) number of FFP units 5 (4–7)
Sepsis, n (%) 5 (45)
Aspiration, n (%) 0 (0)
Pneumonia, n (%) 1 (9)
DIC, n (%) 2 (18)

Outcome
Hospital mortality, n (%) 4 (36)
Ventilator days, median (IQR)a 7.0 (2.0–9)
Median (IQR) ICU length of stay, daysb 5.4 (2.0–12.7)

IQR, interquartile range; APACHE, Acute Physiology and Chronic Health Evaluation; FFP, fresh
frozen plasma; DIC, disseminated intravascular coagulation; ICU, intensive care unit.

aNine of 11 patients required mechanical ventilation; b in survivors.
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(3), our data do not support this practice
for the common critical care procedures.

We also found considerable use of FFP
in patients who had recent bleeding but
no active ongoing bleeding. Of the 18
patients with recent bleeding, 15 (83%)
had been receiving chronic oral anticoag-
ulant therapy. FFP transfusion was pri-
marily aimed for reversal of warfarin ef-
fect. However, the latest British Society
for Hematology guidelines clearly state
that FFP should not be transfused for the
reversal of warfarin anticoagulation when
there is no evidence of severe active
bleeding (5). This is particularly notewor-
thy in the context of our data (see above)
and previous studies suggesting that FFP
may not be particularly effective in re-
placing coagulation factors (2).

Although the association between FFP
transfusion and pulmonary edema caused
by transfusion-related acute lung injury
and transfusion-related circulatory over-
load is well known (7), the effect of liberal
FFP transfusion in clinical practice on
the prevalence of acute lung injury has
not been studied. Similar to our previous
report in the cohort of patients receiving
mechanical ventilation, in the current
study, FFP transfusion was associated
with a higher rate of acute lung injury
(15, 16). It is possible that the observed
difference in acute lung injury was due
simply to the fact that the patients were
different. Similar APACHE scores and de-

mographics do not rule out all differences
in case-mix or unmeasured severity of
illness. Although non–transfusion-re-
lated risk factors for acute lung injury
(including shock, sepsis, aspiration, and
pneumonia) were not different among
the two groups (Table 1), the small sam-
ple size precluded adequate adjusted
analysis. When adjusted for either
APACHE III scores, sepsis, pneumonia,
invasive procedures, or recent bleeding in
a bivariate analysis, FFP transfusion re-
mained significantly associated with the
development of acute lung injury (p �
.05). Small sample size, however, does
not allow us to speculate on a possible
cause-and-effect relationship.

This study has several additional lim-
itations. It was conducted at a single ter-
tiary medical center. As such, the results
may lack wider applicability. Due to the
nature of the study, outcome assessors
were not blinded to the transfusion data
charted in the electronic medical record.
Because of the observational design of the
study, we cannot exclude the effect of
unmeasured confounding variables. As a
result of our choice of threshold for def-
inition of new bleeding episode and of the
retrospective design, episodes of bleeding
not requiring transfusion may have been
missed. Another limitation is related to
the time points chosen for the compari-
son between the two groups. Although we
chose a time point and INR level prompt-
ing the transfusion in the FFP group, the
control group had a time point in the
care identified by a peak INR result,
which was not necessarily associated with
any clinical event. However, the first day
of the ICU stay was the day of interest
(highest INR with or without FFP trans-
fusion) in 100 of 115 patients, minimiz-
ing the selection bias. Finally, the small
sample size may have contributed to a
lack of effect of FFP transfusion on hos-
pital mortality and ICU length of stay.

In conclusion we observed variability
in practice of FFP transfusion in critically

ill medical patients with coagulopathy
but without active bleeding. As the risk–
benefit ratio of liberal FFP transfusion
strategy may not be favorable, random-
ized controlled trials evaluating restric-
tive vs. liberal FFP transfusion strategy
are warranted.
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