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Abstract

Introduction: Fresh frozen plasma (FFP) is widely used, but few studies have described patterns of plasma use in
critical care. We carried out a multicentre study of coagulopathy in intensive care units (ICUs) and here describe
overall FFP utilisation in adult critical care, the indications for transfusions, factors indicating the doses used and
the effects of FFP use on coagulation.

Methods: We conducted a prospective, multicentre, observational study of all patients sequentially admitted to 29
adult UK general ICUs over 8 weeks. Daily data throughout ICU admission were collected concerning coagulation,
relevant clinical outcomes (including bleeding), coagulopathy (defined as international normalised ratio (INR) >1.5,
or equivalent prothrombin time (PT)), FFP and cryoprecipitate use and indications for transfusion.

Results: Of 1,923 admissions, 12.7% received FFP in the ICU during 404 FFP treatment episodes (1,212 FFP
units). Overall, 0.63 FFP units/ICU admission were transfused (0.11 units/ICU day). Reasons for FFP transfusion
were bleeding (48%), preprocedural prophylaxis (15%) and prophylaxis without planned procedure (36%).
Overall, the median FFP dose was 10.8 ml kg-1, but doses varied widely (first to third quartile, 7.2 to 14.4 ml
kg-1). Thirty-one percent of FFP treatments were to patients without PT prolongation, and 41% were to
patients without recorded bleeding and only mildly deranged INR (<2.5). Higher volumes of FFP were
administered when the indication was bleeding (median doses: bleeding 11.1 ml kg-1, preprocedural
prophylaxis 9.8 ml kg-1, prophylaxis without procedure 8.9 ml kg-1; P = 0.009 across groups) and when the
pretransfusion INR was higher (ranging from median dose 8.9 ml kg-1 at INR ≤1.5 to 15.7 ml kg-1 at INR >3;
P < 0.001 across ranges). Regression analyses suggested bleeding was the strongest predictor of higher FFP
dose. Pretransfusion INR was more frequently normal when the transfusion indication was bleeding. Overall,
posttransfusion corrections of INR were consistently small unless the pretransfusion INR was >2.5, but
administration during bleeding was associated with greater INR corrections.

Conclusions: There is wide variation in FFP use by ICU clinicians, and a high proportion of current FFP transfusions
are of unproven clinical benefit. Better evidence from clinical trials could significantly alter patterns of use and
modify current treatment costs.

* Correspondence: simon.stanworth@nhsbt.nhs.uk
1Department of Haematology/Transfusion Medicine, John Radcliffe Hospital,
NHS Blood & Transplant/Oxford Radcliffe Hospitals Trust, and University of
Oxford, Osler Road, Headington, Oxford, OX3 9BQ, UK
Full list of author information is available at the end of the article

Stanworth et al. Critical Care 2011, 15:R108
http://ccforum.com/content/15/2/R108

© 2011 Stanworth et al.; licensee biomed central ltd. This is an open access article distributed under the terms of the creative
commons attribution license (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

mailto:simon.stanworth@nhsbt.nhs.uk
http://creativecommons.org/licenses/by/2.0


Introduction
Fresh frozen plasma (FFP) and cryoprecipitate are used
widely in hospital practice across a range of clinical spe-
cialties, especially in critical care units [1-5]. FFP is pre-
scribed for two main indications: first, to prevent
bleeding (prophylaxis), and second, to stop bleeding
(therapeutic). However, there are few detailed, prospec-
tive, descriptive data from large studies describing these
patterns of use in the critically ill. FFP is associated with
well-recognised risks [6,7], some of which are probably
underrecognised, such as transfusion-associated lung
injury and transfusion-associated circulatory overload
[8-13]. Moreover, recent concerns that red cell transfu-
sion may adversely affect clinical outcomes raises con-
cerns that other blood components may not always
benefit patients [14-17].
We previously reported a large national study of coa-

gulopathy in UK intensive care units (ICUs), which
showed that 30% of all critical care admissions had at
least one episode of prothrombin time (PT) prolonga-
tion [18]. We described risk factors for the development
of coagulopathy and showed an association with higher
ICU mortality, but did not describe the use of FFP in
detail. The aim of this analysis of the study database
was to describe plasma use in detail, with the following
research questions. (1) What reasons do clinicians give
for administering FFP, and how does the presence of
bleeding and coagulopathy influence the dose? (2) What
PT or international normalised ratio (PT/INR) triggers
are currently used by clinicians, and how do these relate
to the doses administered? (3) What changes in PT/INR
occur following FFP administration? We also describe
the current use of cryoprecipitate in UK critical care,
since it is often prescribed with or as an alternative to
FFP.

Materials and methods
A detailed description of the Intensive Care Study of
Coagulopathy (ISOC study) has been previously pub-
lished [18]. ISOC was a prospective observational cohort
study of sequential patients admitted to 29 ICUs in
Scotland, England, Northern Ireland and Wales. ICUs
were mixed general units and did not include specialist
cardiac centres. All admissions were eligible for inclu-
sion, with the exception of readmissions during the
same hospital stay and patients with short life expec-
tancy (under 4 hours). The study was observational, and
only routinely available clinical data were recorded. The
ethics committee waived the need for patient consent
(Lothian Research Ethics Committee).
Data were collected prospectively from patient records

for the 24 hours prior to admission and every subse-
quent day in the ICU until discharge, death or 30 days
(for patients remaining in the ICU at this time). Data

collected included haematology and coagulation test
results, all procedures, the occurrence of clinically
significant haemorrhage during each 24-hour period
(defined as estimated total cumulative blood loss
>300 ml, 1 U of red cells or bleeding from a critical site,
such as intracranial, as defined in the Audit of Transfu-
sion in Intensive Care in Scotland study [19]), and all
blood component transfusions. The timing of FFP trans-
fusion was recorded, and the reasons for FFP were clas-
sified by clinical staff into four categories: ‘coagulopathy
with bleeding’, ‘coagulopathy with no bleeding’, ‘coagu-
lopathy with no bleeding prior to an invasive procedure’
or ‘other’. An additional data collection form was com-
pleted on the first day that a patient developed labora-
tory evidence of coagulopathy (defined below) and
included a range of variables predefined by consensus
by the investigators as potential factors that might influ-
ence the occurrence of coagulopathy.
All data were scanned into a database using the Read-

Soft system (’Eyes and Hand’, Readsoft Ltd, Milton Key-
nes, UK), and quality control procedures included
computer-based sense checking, manual checking of all
queries and resolution of data queries by research staff
in individual ICUs when necessary.
The definition of coagulopathy was based on a labora-

tory threshold INR value >1.5 or an equivalent PT
beyond local reference range. Around one-half of parti-
cipating ICUs reported results as PTs and one-half
reported them as INRs. We therefore converted data to
an INR value using the local International Specificity
Index (ISI) for the laboratory, which enabled compari-
son across all ICUs.

Analysis
We have previously described in detail the epidemiology
of PT prolongation for the cohort, including prevalence,
risk factors, severity and relationship to ICU mortality
[18]. The present analysis is focussed on a detailed
description of FFP use, but we also describe the use of
cryoprecipitate as, in the UK, both components tend to
be used to manage PT prolongation. Prothrombin com-
plex concentrates and fibrinogen concentrate are not in
routine clinical use for the management of coagulopathy
in the critically ill.
Use of FFP
We calculated the proportion of patients who received
FFP during their ICU stay and the number of units
transfused. Overall FFP use in critical care was calcu-
lated per ICU admission and per ICU day. The duration
of an episode of PT prolongation was defined as the
time between the first recorded point when the INR was
>1.5 until the first recorded INR ≤1.5 without FFP
transfusion support for 12 hours. An FFP treatment epi-
sode was defined as including all units of FFP where the
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time between starting the transfusion of successive units
was 2 hours or less. FFP transfusion episodes were
reported per patient and assessed by the INR values pre-
ceding transfusion and by the degree of correction up to
6, 12 or 24 hours after transfusion. We used the esti-
mated patient weight recorded for each patient to calcu-
late the dose of FFP administered for each FFP
transfusion episode in milligrams per kilogram.
Dose of FFP and reason for administration
We plotted the distribution of dose of FFP administered
as a histogram and calculated the median (first to third
quartiles) dose administered overall, and according to
the INR value preceding transfusion and the clinical
indication given for transfusion. We used three
approaches to describe the reasons for FFP transfusion
episodes. First, we used the reason recorded at the time
of FFP transfusion by clinicians (see above). Second, we
used the binary data field recorded each day, asking
whether a clinically significant haemorrhage had
occurred to classify each FFP transfusion episode as
associated with bleeding or not. Third, each FFP trans-
fusion episode was categorised according to whether it
occurred either in a patient who had no episodes of PT
prolongation documented during ICU stay, or during an
episode of PT prolongation or outside an episode of PT
prolongation but in a patient who experienced PT pro-
longation at some other time during their ICU stay.
We calculated the volume of FFP used for each of the

above-defined categories and presented these data as
medians (first to third quartiles) for volume, FFP units
and volume per estimated patient weight. The Kruskal-
Wallis test was used to compare FFP use for the various
approaches for classifying the reason for FFP transfu-
sion. A regression model was also undertaken, using
FFP volume as the dependent variable, to explore the
relative association of the three methods described
above for categorising reasons for FFP transfusion
simultaneously, and allowing for possible correlation
within patients.
INR values pre-FFP transfusion
We used the INR preceding each FFP transfusion epi-
sode as an indicator of the “INR trigger” and recorded
the frequency in ranges of INR for all FFP transfusion
episodes for each of the clinical indication categories
and for FFP transfusions administered on days with sig-
nificant bleeding or no bleeding. INR values were com-
pared across these categories using c2 tests. The volume
of FFP transfusion in relation to the INR preceding
transfusion was calculated and compared using c2 tests.
Change in INR post-FFP transfusion
We calculated the proportion of patients who had an INR
value rechecked within 24 hours of FFP transfusion, and
the distribution of times from FFP transfusion to
rechecking coagulation status. For FFP transfusions with

a repeat INR recorded within 24 hours, we calculated the
change from pre- to post-FFP transfusion to describe the
correction of INR that occurred using the pretransfusion
INR to assess change, assuming a value was recorded
during the 12 hours prior to FFP transfusion. We
explored changes in INR values for different pretransfu-
sion INR values. To do this with appropriate adjustment
for potential confounding, an analysis was performed to
model the change in INR level in relation to the variables
of pretreatment INR, dose of FFP, indication for treat-
ment and time after transfusion to INR measurement
using the following approach. In an initial stage, the
effect of regression to the mean of INR levels was allowed
for. We acknowledged that pretreatment INR might be
associated with the indication for treatment and FFP
dose, so, to avoid confounding, the pretreatment INR
was initially regressed on these variables and the residuals
were used to produce an adjusted pretreatment INR. The
posttreatment INR was then regressed on the adjusted
pretreatment level to allow for regression to the mean.
The residuals from this regression, when added to the
mean posttreatment INR, gave the adjusted posttreat-
ment INR, or, when added to the mean change in INR,
gave the adjusted change in INR. This in turn was
regressed on the dose of FFP, the indication for treatment
and the time after infusion to performing INR measure-
ment to produce the required analysis.
Cryoprecipitate use
We calculated the proportion of patients who received
cryoprecipitate during the 24 hours prior to and during
ICU stay. The distribution of cryoprecipitate use was
evaluated by indication and for patients with documen-
ted bleeding. Transfusions of cryoprecipitate were
assessed by fibrinogen values preceding transfusion and
by the degree of correction up to 24 hours after
transfusion.

Results
Use of FFP
Of 1,923 admissions during the study period, 12.7% (244
patients) received FFP in the ICU. These patients
received 404 FFP treatment episodes comprising 1,212
units of FFP (or an average 5 U of FFP/transfused
patient). For all ICU admissions, this represented a rate
of 0.11 U of FFP/ICU day and 0.63 U of FFP/ICU
admission. A total of 576 (30%) patients had episodes of
coagulopathy defined by PT prolongation, of whom 188
(33%) received transfused FFP. These patients received
86% (1,037 of 1,212) of the total FFP units administered
during the study period.

Dose of FFP and reason for administration
A wide range of FFP treatment doses were administered
(Figure 1). Overall a median (first to third quartile;
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range) of 803 ml (541 to 1,093; 220 to 2,775 ml) were
administered per episode, which equated to a median
10.8 ml kg-1 (7.2 to 14.4; 2.4 to 41.1 ml kg-1). A propor-
tion of 69% (277 of 404) of FFP treatments were admi-
nistered during episodes of PT prolongation, comprising
71% (856 of 1,212) of the total FFP transfused. A signifi-
cant proportion (31%) was administered to patients who
had no PT prolongation at the time of transfusion.
A clinical indication for FFP transfusion was recorded

for 388 (96%) of 404 FFP treatment episodes. The rea-
son was documented as bleeding for 48% of episodes,
prophylaxis for a procedure for 15%, and in 36% of
cases no procedure was planned and no bleeding was
documented as being present. Six treatments were given
for other reasons (1.5%). The doses of FFP administered
in relation to the three approaches to classifying the cir-
cumstances of administration are shown in Table 1. On
the basis of the reasons given by clinicians for adminis-
tering FFP, on average 1 FFP unit more (approximately
300 ml) was administered when clinicians stated the
indication was bleeding compared with a nonbleeding
indication (P < 0.0001). On the basis of the association
with recorded clinically significant bleeding on daily
charts, haemorrhage was recorded in 258 (13%) of 1,923
patient admissions on a total of 410 patient days, and
most frequently affected the gastrointestinal tract, chest,
and abdominal cavity. Clinically significant haemorrhage

was recorded on the day of FFP transfusion for 47% of
FFP transfusion episodes, which was virtually identical
to the clinical classification documented. This analysis
confirmed that when bleeding was present, on average,
1 FFP unit more (300 ml; 2 ml kg-1) was administered
than when no bleeding was documented (Table 1) (P <
0.0001). This difference was even more marked when all
FFP treatments administered on a calendar day on
which bleeding was documented were included (median
FFP dose 14.4 ml kg-1 (9.1 to 24.9; range, 2.4 to 54.8).
When FFP use was classified according to the presence
of prolongation of INR, higher volumes of FFP were
administered during episodes of INR prolongation com-
pared with transfusions given at other times or to
patients who never had documented INR prolongation
(Table 1).
In the regression model, using volume given as the

dependent variable and allowing for all of these three
categorisations simultaneously and for possible correla-
tion within patients, there was no interaction between
these factors in predicting the FFP volume administered.
In an additive model, the reason given by the clinician
(bleeding) had the strongest association with the FFP
volume administered (P = 0.02), with weaker associa-
tions found with the relationship to coagulopathy (P =
0.08) and occurrence of haemorrhage on the day of
transfusion (P = 0.20).

Figure 1 Doses of fresh frozen plasma administered. Graphed histogram results summarising the range of doses of fresh frozen plasma (FFP)
given in treatment episodes during intensive care unit (ICU) stay.
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INR values pre-FFP transfusion
An INR value preceding FFP transfusion (within 12
hours) was available for 90% (362 of 404) of episodes
and varied widely as reported for INR (Table 2). A
high proportion of all FFP treatments were adminis-
tered to patients without clinical evidence of bleeding
and with either no or minor INR prolongation prior to
transfusion (Table 2). For example, 40% of all FFP
treatments were given to patients without recorded
bleeding whose preceding INR was <2.5, and for 8.6%
of all treatments there was no haemorrhage and the
preceding INR was <1.5. When we used recorded,
clinically significant haemorrhage on the day of FFP
transfusion to dichotomise the population, a similar
pattern was seen: 41% of FFP transfusions were given

to patients with no bleeding on the day of transfusion
and a pretransfusion INR of <2.5, and 8% were given
to patients with INR <1.5.
Comparing FFP transfusions for which the clinical

indication was recorded as coagulopathy plus bleeding
with the nonbleeding categories indicated that pretrans-
fusion INR values were more frequently either normal
or only mildly prolonged when bleeding was present
(P = 0.006; c2 test). A similar pattern was observed
when FFP transfusions administered on days with clini-
cally significant haemorrhage were compared with those
administered on days with no recorded haemorrhage
(P = 0.002). These data show that although a high pro-
portion of FFP treatments associated with bleeding were
preceded by normal or mildly prolonged INR, as might

Table 2 INR preceding (within 12 hours) FFP treatment during ICU stay for all admissionsa

INR

Variable ≤1.5, n (%) 1.6 to 2.5, n (%) 2.6 to 3.5, n (%) 3.6 to 5.0, n (%) >5.0, n (%)

All episodes, n (%) 126 (34) 187 (51) 30 (8) 14 (4) 9 (2)

Reason for FFP transfusion recorded by clinician

Coagulopathy with bleeding 73 (42) 86 (50) 8 (5) 2 (1) 4 (2)

Coagulopathy without bleeding 32 (26) 65 (52) 15 (12) 9 (7) 4 (3)

Coagulopathy without bleeding,
prior to invasive procedure

13 (25) 29 (56) 7 (13) 2 (4) 1 (2)

Clinically significant haemorrhage recorded on same day as FFP transfusion

No 54 (29) 95 (51) 20 (11) 12 (6) 6 (3)

Yes 72 (40) 92 (51) 10 (6) 2 (1) 3 (2)
aINR, international normalised ratio; FFP, fresh frozen plasma; ICU, intensive care unit.

Table 1 FFP administered in relation to the three approaches to classifying the circumstances of administrationa

Variable FFP units
(median, first to
third quartile)

FFP volume, ml
(median, first to
third quartile)

FFP dose, ml kg-1

(median, first to
third quartile)

Reason given by clinician at time of FFP transfusion

Coagulopathy with bleeding (n = 185) 3 (2 to 4) 875 (558 to 1104) 11.1 (7.8 to 15.3)

Coagulopathy without bleeding (n = 138) 2 (2 to 4) 561 (509 to 854) 8.9 (6.8 to 13.1)

No bleeding prior to procedure (n = 59) 2 (2 to 4) 560 (528 to 1017) 9.8 (6.9 to 13.0)

P value for differences across groups <0.0001 <0.0001 0.009

All (N = 404) 3 (2 to 4) 736 (536 to 1092) 10.2 (7.0 to 14.1)

Clinically significant haemorrhage recorded on day of transfusion

No (n = 215) 2 (2 to 4) 561 (517 to 1017) 9.1 (6.7 to 13.2)

Yes (n = 189) 3 (2 to 4) 875 (558 to 1100) 11.1 (7.9 to 14.7)

P value for differences across groups <0.0001 <0.0001 0.006

Use of FFP in relation to occurrence of PT prolongation during ICU admission

FFP administered but no PT prolongation occurred at any time during ICU
admission (n = 64)

2 (2 to 4) 568 (502 to 936) 8.5 (5.7 to 12.6)

PT prolongation occurred during ICU admission, but FFP administered out
with an episode of PT prolongation (n = 63)

2 (2 to 4) 570 (535 to 1077) 8.6 (6.3 to 13.7)

FFP administered during an episode of PT prolongation (n = 277) 3 (2 to 4) 806 (542 to 1092) 10.8 (7.3 to 14.4)

P value for differences across groups 0.11 0.037 0.014
aFFP, fresh frozen plasma; PT, prothrombin time; ICU, intensive care unit.
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be expected from clinical practice, this was also a fea-
ture of prophylactic or preprocedural transfusions.
Smaller doses of FFP were administered to patients

when the transfusion was given outside episodes of PT
prolongation (median 570 ml) or in patients who never
had PT prolongation (median 568 ml) (Table 1). The
dose of FFP administered in relation to increasing pre-
transfusion INR is shown in Table 3, which confirmed
the trend for FFP dose to increase with higher INR
value. There were 56 patients who received 64 FFP
treatments in the ICU but never had documented INR
prolongation at any stage. Clinical factors for this group
have been reported previously [18]. To also explore the
potential importance of activated partial thromboplastin
time (APTT) values, we extracted the APTT value prior
to FFP transfusion. For 24 of these 64 treatments, no
APTT value was measured during the 24 hours prior to
FFP administration, and for the other 40 treatments,
APTT was measured but was only mildly prolonged in
most cases (median APTT value 42 seconds (interquar-
tile range 33.5 to 51.5 seconds)).

Change in INR following FFP transfusion
A posttransfusion INR was available within 6 hours for
68% (n = 276) of FFP transfusions (76% when the reason
for transfusion was bleeding, 62% when bleeding was
not recorded as the reason and 56% when the reason
was prior to invasive procedures). Ninety-three percent
(n = 375) of patients receiving FFP had a repeat INR
checked within 24 hours. For FFP transfusions with a
repeat INR available within 6 hours, the pre- to post-
transfusion INR changes are illustrated in Figure 2. As
expected, the median reductions in INR were greater
when the pre-FFP transfusion values were higher (med-
ian change -0.1, -0.4, -1.0 and -2.5 for pretransfusion
INRs in the ranges 1 to ≤1.5, 1.6 to 2.5, 2.6 to 3.5 and
>3.5, respectively).
In univariate analyses, we found no relationship

between degree of change of INR and dose of FFP used
(P = 0.86). In the multivariable regression analysis
designed to allow for regression to the mean, which

included changes in INR across the three clinical cate-
gories (’coagulopathy with bleeding’, ‘coagulopathy with
no bleeding’ and ‘coagulopathy with no bleeding prior
to an invasive procedure’) in relation to the dose of FFP
administered, and taking into account relationships with
pretransfusion INR, we found that the posttransfusion
INRs were 0.2 (SE ±0.05) lower when FFP was given for
bleeding compared to the other clinical indications.
The INR was found to rise significantly with time fol-

lowing the first posttransfusion INR, with a mean
increase of 0.3 (SE ±0.1) over a 24-hour period.

Use of cryoprecipitate
Transfusion of cryoprecipitate during ICU stay was
recorded in only 62 of 1,923 admissions (3%) and was
more frequent in admissions with INR prolongation (50
(9%) of 576 vs. 12 (1%) of 1,347). These 62 patients
received 69 cryoprecipitate transfusions, most of which
(46 patients; 67%) were associated with clinically signifi-
cant bleeds on the same day or in the previous 24
hours. FFP was administered on 41 of these 46 occa-
sions and was also administered on 17 of the 23 transfu-
sion days that were not associated with bleeding. Pre-
and postcryoprecipitate transfusion fibrinogen values
were available for 35 of the 46 patients in whom hae-
morrhage was documented. The mean fibrinogen con-
centration prior to cryoprecipitate transfusion was 1.62
g/l (SD ±1.06) and increased to a mean of 2.89 g/l (SD
±1.67) (mean increase of 1.27 g/l (SD ±1.80)). In total,
during the ICU stay, there were 7,208 fibrinogen tests
on 5,970 patient-days from 1,391 patients [18]. Ninety-
eight of the 7,208 fibrinogen tests performed in total
gave a fibrinogen level <1 g/dl (1.4%).

Discussion
This pragmatic national epidemiological study of admis-
sions to general ICUs in the UK indicated that 13% of
all patients admitted received FFP. There was wide var-
iation in the dose used, even after we classified transfu-
sion episodes according to the reasons given by
clinicians, the presence of bleeding and the presence of
coagulopathy defined by INR prolongation. A remark-
ably high proportion of FFP was administered to
patients without evidence of bleeding, and many of
these patients had normal or only mildly deranged INR
values. For example, 40% of all FFP treatments were
administered to patients without haemorrhage and in
whom preceding coagulation tests were normal or only
modestly deranged (INR ≤2.5), and 29% of FFP treat-
ments were administered outside episodes of INR pro-
longation. Relevant clinical factors to describe the
epidemiology of these subgroups of coagulopathy in cri-
tical care have been described previously [18], but our
data in this paper extend these findings and illustrate

Table 3 Median (first to third quartile) FFP dose (ml/kg)
administered for different pretransfusion INR valuesa

INR value preceding
FFP treatment

Median FFP dose per treatment, ml/kg
(first to third quartile)

≤1.5 8.9 (5.8 to 13.9)

1.6 to 2.0 9.7 (6.7 to 15.3)

2.1 to 2.5 13.8 (8.6 to 18.7)

2.6 to 3.0 13.7 (7.8 to 24.2)

>3.0 15.7 (11.4 to 22.1)
aFFP, fresh frozen plasma; INR, international normalised ratio. Results for FFP
dose administered by level of pretransfusion INR are shown. P < 0.001 across
the groups (Kruskal-Wallis test).
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the very uncertain rationale underpinning FFP adminis-
tration, which must raise questions about the appropri-
ateness of use and effectiveness of FFP.
We found that clinicians prescribed marginally

higher volumes of FFP in association with bleeding
and when the INR was prolonged, and our regression
model found haemorrhage to be the clinical indication
that was the strongest factor in predicting higher
transfusion volume. However, typically only around
one additional unit of FFP was administered per trans-
fusion episode under these circumstances, with a med-
ian volume transfused of about 11 ml/kg. Current
guidelines support the need for adequate doses of FFP
to achieve haemostasis, typically 10 to 1 ml/kg [20,21],
but even these doses of FFP may fail to correct low
coagulation factor levels without taking into considera-
tion factors such as the size of the patient, the extent
of coagulation deficiency or the degree of abnormality
to be corrected [2,22].
Our data suggest that under circumstances where FFP

has a higher probability of patient benefit, namely,
bleeding in a patient with INR prolongation, inadequate
doses are currently administered to reliably correct coa-
gulation factor deficiencies. This may explain, in part,

the small decreases in INR prolongation that we
observed after FFP transfusion, especially when the INR
was only modestly prolonged [2,23,24]. Variable reduc-
tions in INR may also be explained by differences in the
time taken for rechecking INR after FFP transfusion,
although our statistical model incorporated this variable.
The reasons for transfusion of inadequate volumes of
FFP are unclear and require further investigation. In
addition, an understanding of the nonlinear relationship
between coagulation factor content and INR would also
indicate why, with minimally deranged prolongations in
INR, the effects of FFP transfusion aimed at raising the
levels of coagulation factors and reducing the INR are
likely to be very small [25]. If inadequate FFP adminis-
tration influences clinical outcomes during bleeding, as
is suggested by emerging evidence relating to trauma-
associated coagulopathy and massive haemorrhage
[26,27], the variation and inconsistent practice we have
documented could affect clinical outcomes.
Conversely, the large number of FFP transfusions

administered to nonbleeding patients without INR pro-
longation or with minor derangements suggests the pos-
sibility of widespread and inconsistent use of FFP
without strong clinical rationale. Recent systematic

Figure 2 Effects of fresh frozen plasma on changes in international normalised ratio. Boxplot summarising the changes in international
normalised ratio (INR), which are shown as medians (horizontal line), first and third quartiles (squares) and ranges (vertical lines) with outliers
indicated by small circles or asterisks. The results are reported by reason for fresh frozen plasma (FFP) transfusion recorded by clinician
(coagulopathy with bleeding, coagulopathy without bleeding or coagulopathy without bleeding prior to invasive procedure) for different levels
of pretransfusion INR.
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reviews indicate the poor quality of existing evidence,
including the poor predictive value of standard coagula-
tion tests, and no clear benefit of prophylactic use or to
reduce bleeding related to planned procedures [28,29].
Indeed, available data suggest that many patients with
isolated minor abnormalities in PT or INR have ade-
quate individual coagulation factor levels, which would
be consistent with our data [30]. Furthermore, the FFP
volumes administered in these nonbleeding situations
were 9 ml/kg or less in more than 50% of cases, and
these doses are highly unlikely to result in consistent
increases (if any) in coagulation factor levels if deficien-
cies do exist [2,22-25]. Our data show that critical care
clinicians in the UK continue to use FFP widely in this
prophylactic situation, with evidence of insignificant
changes in the INR value [2,31].
Stronger evidence is needed to guide clinicians. Speci-

fically, evidence suggesting that correction of INR pro-
longation is not required in the prophylactic clinical
situation could significantly alter current practice and
potentially reduce demand for FFP. Continuing reports
of an association between FFP administration and
adverse patient outcomes in patients, including the criti-
cally ill, further emphasise the requirement to improve
the evidence base, especially for transfusion of FFP to
nonbleeding patients [6,9-13,32-35].
Our population estimates found that 0.63 FFP units/

ICU admission were utilised in UK general critical care
units, which equates to approximately 63,000 units/year,
based on the 100,000 patients admitted to general ICUs
in the UK each year. This comprises around 21% of the
total FFP used in the UK and, of note, excludes cardiac
ICUs, which were not included in our study. On the
basis of our estimates of the proportion used in non-
bleeding patients with normal or mildly deranged INRs
(<2.5), who received 40% of FFP treatments, and our
observed median use for this indication of 2 FFP units/
transfusion episode, we estimate that about 40,000 units
are transfused each year to patients in whom the evi-
dence base for benefit is weak. These estimates illustrate
the potential impact of an improved evidence base, par-
ticularly if this evidence supports more restrictive use.
The potential cost implications of introducing newer
products, such as factor complex concentrates or patho-
gen-inactivated plasma, are also unclear in the absence
of evidence of benefit for the standard product.
There are limitations to our pragmatic study. Around

one-half of the participating ICUs reported coagulation
results as PT and one-half reported them as INRs. The
definition of coagulopathy was based on PT prolongation
and a threshold INR value >1.5. This cutoff level is com-
monly used by clinicians and described in the literature
[19,21,36], and the use of the INR allowed the data to be

compared and standardised across the ICUs, which
would not be possible for the PT, given that laboratories
use different thromboplastins with different laboratory-
specific mean normal PT and ISI. However, the PT was
developed to assess coagulation factor deficiencies, and
the INR was developed to standardise assessment of the
response to vitamin K antagonists [36,37]. For our pri-
mary analysis, we did not relate FFP use to APTT, which
could also trigger correction of coagulation, especially in
relation to bleeding. To explore the potential importance
of APTT values, we examined the 56 patients who
received 64 FFP treatments but never had documented
PT prolongation during their ICU stay, and then
extracted the APTT value prior to FFP transfusion. The
results did not suggest that APTT prolongation was likely
to explain the widespread use of FFP when the INR was
normal or mildly prolonged, although our study was not
designed to answer this question.

Conclusions
FFP continues to be widely used as a prophylactic or
precautionary treatment in critically ill nonbleeding
patients with mild coagulation abnormalities. Wide var-
iation in clinical use exists in terms of indication and
the dose used, which is often inadequate to reliably
increase individual factor levels. Our data support the
need for more research to improve the current under-
standing of the risk-to-benefit profile of plasma therapy,
and specifically the need (if at all) for FFP or other pro-
ducts, especially in relation to nonbleeding patients.

Key messages
• FFP is widely used, but there are few data from pro-
spective studies describing patterns of plasma use in cri-
tical care.
• In this national prospective study, of 1,923 admis-

sions to adult critical care, 12.7% received FFP in the
ICU during 404 FFP treatment episodes (1,212 FFP
units).
• Thirty-one percent of FFP treatments were adminis-

tered to patients without PT prolongation, and 41%
were given to patients without recorded bleeding and
only mildly deranged INRs (<2.5).
• Overall, posttransfusion corrections of INR were con-

sistently small unless the pretransfusion INR was >2.5.
• There is wide variation in FFP use by ICU clinicians,

and a high proportion of current FFP transfusions are of
uncertain and unproven clinical benefit.

Abbreviations
APTT: activated partial thromboplastin time; FFP: fresh frozen plasma; ICUs:
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Specificity Index; PCC: prothrombin complex concentrate; PT: prothrombin

Stanworth et al. Critical Care 2011, 15:R108
http://ccforum.com/content/15/2/R108

Page 8 of 10



time; TACO: transfusion-associated circulatory overload; TRALI: transfusion-
associated acute lung injury.

Acknowledgements
ISOC Organizing Committee
Simon Stanworth (Co-Chairman), Tim Walsh (Co-Chairman), Douglas Watson
(Study Coordinator), Heather Smethurst (Study Coordinator), Brian
McClelland, Robert Lee (Statistician), Robin Prescott (Statistician) and Caroline
Maciver.
ISOC Study Group participating hospitals and individuals (*ISOC Lead
Clinician)
Wales: Cardiff, University Hospital of Wales: Elizabeth Hutcheon and
George Findlay.
Northern Ireland: Belfast, Royal Victoria: Gavin Lavery* and Gillian
Thompson. Belfast, Ulster Hospital: John McAteer* and John Trinder.
Scotland: Aberdeen Royal Infirmary: Jane Taylor, Steve Stott*, Sian
Roughton, Sally Hall and Heather Tennant. Dumfries & Galloway Royal
Infirmary: Wayne Wrathall*. Glasgow Royal Infirmary: Lindsey Donaldson*
and Myles Cassidy. Monkland’s Hospital: Sanjiv Chohan*, Isabel Paterson,
Sandra Morrow, Pauline Delaney, Lyndsey Berengler, Abigail McSherry, Marie
Rankin, Kathleen McIlhatton, Mhairi Cairney, Lorna Hendry, Sheila Rea, Angela
Hamill, Anna Barrett, Tracy Stillie and Moira Colton. Ninewells Hospital,
Dundee: Stephen Cole*, Sally Crofts, Ian Mellor and Laura Kinloch. Royal
Alexandra Hospital, Paisley: Kevin Rooney*, Alana Kirkwood, Ewan Lindsey
and Akuafo Agbenyega. Royal Infirmary Edinburgh: Caroline Maciver,
Fiona Frame and Tim Walsh*. Queen Margaret Hospital, Dunfermline:
Alice Miller, Paul Nicholas* and Laura Duffy. Stirling Royal Infirmary: Chris
Cairns*, Paul Harrison, Gordon Peters and Stephan Dalchow. St John’s
Hospital, Livingston: Jean Bruce, Kerry McIlhenny and Samantha Moultrie*.
Western General Hospital, Edinburgh: Claire Battison, Louise Sinclair and
Charles Wallis*. Western Infirmary, Glasgow: Alexander Binning*, Stephen
Henderson and Marie Pollock.
England: Birmingham, Selly Oak: Ben Trumper; Tony Whitehouse* and
Mav Manji. Bristol, Southmead: Tracey Fleming, Sally Grier and Jasmeet
Soar*. Chelmsford, Broomfield: Christine Mitchell-Inwang and Alisdair
Short*. Leeds, General Infirmary: Stuart Elliot and Andrew Bodenham*.
Leeds, St James’s: Judith Thornton and Stuart Murdoch*. London, Chelsea
and Westminster: Adrian Wagstaff and Neil Soni*. London, Royal London:
Gail Marshall, Andrew Ely and Maria Heeley*. London: St Thomas’s: Tony
Sherry, Katie Lei, John Smith, Laura Campbell-Stephen and Duncan Wyncoll*.
Manchester, Royal Infirmary: Emma McClure, John Butler*, Tony Dunne,
Jane Eddleston and Dougal Atkinson. Newcastle, Freeman: Sue Whitehead,
Andrew Kilner* and Jonathon Wallis*. Newcastle, Royal Victoria: Simon
Baudouin*, Sue Whitehead and Jonathon Wallis*. Oxford, John Radcliffe:
John Corcoran, Caroline Allen, Duncan Young* and Julian Millo*.
Portsmouth, Queen Alexandra: Caroline Cawkill, Allison Hyson, Martin
Tweeddale and Philip Young*. Reading, Royal Berkshire: Carys Jones, Linda
Hosie and Carl Waldmann*.
Other: Medical Statistics Unit, University of Edinburgh: Robert Lee and
Robin Prescott. National Blood Service: Simon Stanworth, Mike Patel,
Caroline Hughes and Heather Smethurst. Scottish National Blood
Transfusion Service: Douglas Watson, Hamish Davidson and Brian
McClelland.
In addition, the ISOC Organising Committee acknowledges support from
Beverley Hunt, Heidi Doughty, Janet Birchall, Derek Norfolk, Shubha Allard
and Liz Love.
Funded by research grants from the National Health Service Blood &
Transplant and Scottish National Blood Transfusion Service, and the
Transfusion Medicine Education and Research Foundation.

Author details
1Department of Haematology/Transfusion Medicine, John Radcliffe Hospital,
NHS Blood & Transplant/Oxford Radcliffe Hospitals Trust, and University of
Oxford, Osler Road, Headington, Oxford, OX3 9BQ, UK. 2Department of
Critical Care, Royal Infirmary of Edinburgh, Little France Crescent, Edinburgh,
EH16 4SB, UK. 3Centre for Population Health Sciences, University of
Edinburgh, Teviot Place, Edinburgh, EH8 9AG, UK. 4Scottish National Blood
Transfusion Service, 25 Shelley Road, Gartnavel, Glasgow, G12 0XB, UK.
5Department of Critical Care, Guy’s & St Thomas’ NHS Foundation Trust,
Lambeth Palace Road, St Thomas’s Hospital, London, SE1 7EH, UK.

Authors’ contributions
The study was designed by TSW, SJS, RJL, DMW and DW. Analysis was
planned by all members of the writing group. The statistical analysis was
performed by RJL and RJP. All members of the writing committee
contributed to writing the manuscript. All authors approved the final
manuscript. TSW, SJS and RJP had full access to all of the data in the study
and take responsibility for the integrity of the data and the accuracy of the
data analysis.

Competing interests
The authors declare that they have no competing interests.

Received: 31 December 2010 Revised: 9 March 2011
Accepted: 5 April 2011 Published: 5 April 2011

References
1. Lauzier F, Cook D, Griffith L, Upton J, Crowther M: Fresh frozen plasma

transfusion in critically ill patients. Crit Care Med 2007, 35:1655-1659.
2. Stanworth SJ, Grant-Casey J, Lowe D, Laffan M, New H, Murphy MF,

Allard S: The use of fresh frozen plasma in England: high levels of
inappropriate use in adults and children. Transfusion 2011, 51:62-70.

3. Rao MP, Boralessa H, Morgan C, Soni N, Goldhill DR, Brett SJ, Boralessa H,
Contreras M, North Thames Blood Interest Group: Blood component use in
critically ill patients. Anaesthesia 2002, 57:530-534.

4. Palo R, Capraro L, Hovilehto S, Koivuranta M, Krusius T, Loponen E,
Mäntykoski R, Pentti J, Pitkänen O, Raitakari M, Rimpiläinen J, Salmenperä M,
Salo H, Mäki T: Population-based audit of fresh frozen plasma transfusion
practices. Transfusion 2006, 46:1921-1925.

5. Chakraverty R, Davidson S, Peggs K, Stross P, Garrard C, Littlewood TJ: The
incidence and cause of coagulopathies in an intensive care population.
Br J Haematol 1996, 93:460-463.

6. Report and Summary 2009: Serious Hazards of Transfusion. [http://www.
shotuk.org/shot-reports/report-and-summary-2009/].

7. Stainsby D, Jones H, Asher D, Atterbury C, Boncinelli A, Brant L,
Chapman CE, Davison K, Gerrard R, Gray A, Knowles S, Love EM, Milkins C,
McClelland DB, Norfolk DR, Soldan K, Taylor C, Revill J, Williamson LM,
Cohen H, SHOT Steering Group: Serious hazards of transfusion: a decade
of hemovigilance in the UK. Transfus Med Rev 2006, 20:273-282.

8. Holness L, Knippen MA, Simmons L, Lachenbruch PA: Fatalities caused by
TRALI. Transfus Med Rev 2004, 18:184-188.

9. Dara SI, Rana R, Afessa B, Moore SB, Gajic O: Fresh frozen plasma
transfusion in critically ill medical patients with coagulopathy. Crit Care
Med 2005, 33:2667-2671.

10. Gajic O, Dzik WH, Toy P: Fresh frozen plasma and platelet transfusion for
nonbleeding patients in the intensive care unit: benefit or harm? Crit
Care Med 2006, 34(5 Suppl):S170-S173.

11. Rana R, Fernández-Pérez E, Khan SA, Rana S, Winters JL, Lesnick TG,
Moore SB, Gajic O: Transfusion-related acute lung injury and pulmonary
edema in critically ill patients: a retrospective study. Transfusion 2006,
46:1478-1483.

12. Khan H, Belsher J, Yilmaz M, Afessa B, Winters JL, Moore SB, Hubmayr RD,
Gajic O: Fresh-frozen plasma and platelet transfusions are associated
with development of acute lung injury in critically ill medical patients.
Chest 2007, 131:1308-1314.

13. Popovsky MA: Transfusion-associated circulatory overload: the plot
thickens. Transfusion 2009, 49:2-4.

14. Marik PE, Sibbald WJ: Effect of stored-blood transfusion on oxygen
delivery in patients with sepsis. JAMA 1993, 269:3024-3029.

15. Hebert PC, Wells G, Blajchman MA, Marshall J, Martin C, Pagliarello G,
Tweeddale M, Schweitzer I, Yetisir E: A multicenter, randomised,
controlled clinical trial of transfusion requirements in critical care:
Transfusion Requirements in Critical Care Investigators, Canadian Critical
Care Trials Group. N Engl J Med 1999, 340:409-417.

16. Tinmouth A, Fergusson D, Yee IC, Hébert PC, ABLE Investigators; Canadian
Critical Care Trials Group: Clinical consequences of red cell storage in the
critically ill. Transfusion 2006, 46:2014-2027.

17. Koch CG, Liang Li, Sessler DI, Figueroa P, Hoeltge GA, Mihaljevic T,
Blackstone EH: Duration of red-cell storage and complications after
cardiac surgery. N Engl J Med 2008, 358:1229-1239.

Stanworth et al. Critical Care 2011, 15:R108
http://ccforum.com/content/15/2/R108

Page 9 of 10

http://www.ncbi.nlm.nih.gov/pubmed/17522577?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17522577?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20804532?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20804532?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12010265?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12010265?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17076847?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17076847?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8639449?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8639449?dopt=Abstract
http://www.shotuk.org/shot-reports/report-and-summary-2009/
http://www.shotuk.org/shot-reports/report-and-summary-2009/
http://www.ncbi.nlm.nih.gov/pubmed/17008165?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17008165?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15248168?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15248168?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16276195?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16276195?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16617262?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16617262?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16965572?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16965572?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17400669?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17400669?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19140808?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19140808?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8501845?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8501845?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9971864?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9971864?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9971864?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9971864?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17076859?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17076859?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18354101?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18354101?dopt=Abstract


18. Walsh TS, Stanworth SJ, Prescott RJ, Lee RJ, Watson DM, Wyncoll D, Writing
Committee of the Intensive Care Study of Coagulopathy Investigators:
Prevalence, management, and outcomes of critically ill patients with
prothrombin time prolongation in United Kingdom intensive care units.
Crit Care Med 2010, 38:1939-1946.

19. Walsh TS, McClelland DB, Lee RJ, Garrioch M, Maciver CR, McArdle F,
Crofts SL, Mellor I, ATICS Study Group: Prevalence of ischaemic heart
disease at admission to intensive care and its influence on red cell
transfusion thresholds: multicentre Scottish Study. Br J Anaesth 2005,
94:445-452.

20. O’Shaughnessy DF, Atterbury C, Bolton Maggs P, Murphy M, Thomas D,
Yates S, Williamson LM, British Committee for Standards in Haematology,
Blood Transfusion Task Force: Guidelines for the use of fresh-frozen
plasma, cryoprecipitate and cryosupernatant. Br J Haematol 2004,
126:11-28.

21. Practice parameter for the use of fresh-frozen plasma, cryoprecipitate,
and platelets. Fresh-Frozen Plasma, Cryoprecipitate, and Platelets
Administration Practice Guidelines Development Task Force of the
College of American Pathologists. JAMA 1994, 271:777-781.

22. Chowdhury P, Saayman AG, Paulus U, Findlay GP, Collins PW: Efficacy of
standard dose and 30 ml/kg fresh frozen plasma in correcting
laboratory parameters of haemostasis in critically ill patients. Br J
Haematol 2004, 125:69-73.

23. Abdel-Wahab OI, Healy B, Dzik WH: Effect of fresh-frozen plasma
transfusion on prothrombin time and bleeding in patients with mild
coagulation abnormalities. Transfusion 2006, 46:1279-1285.

24. Holland LL, Brooks JP: Toward rational fresh frozen plasma transfusion.
Am J Clin Pathol 2006, 126:133-139.

25. Dzik WH: Predicting hemorrhage using preoperative coagulation
screening assays. Curr Hematol Rep 2004, 3:324-330.

26. Stansbury LG, Dutton RP, Stein DM, Bochicchio GV, Scalea TM, Hess JR:
Controversy in trauma resuscitation: do ratios of plasma to red blood
cells matter? Transfus Med Rev 2009, 23:255-265.

27. Johansson PI, Stensballe J, Rosenberg I, Hilsløv TL, Jørgensen L, Secher NH:
Proactive administration of platelets and plasma for patients with a
ruptured abdominal aortic aneurysm: evaluating a change in transfusion
practice. Transfusion 2007, 47:593-598.

28. Segal JB, Dzik WH, Transfusion Medicine/Hemostasis Clinical Trials Network:
Paucity of studies to support that abnormal coagulation test results
predict bleeding in the setting of invasive procedures: an evidence-
based review. Transfusion 2005, 45:1413-1425.

29. Stanworth SJ, Brunskill S, Hyde CJ, McClelland DBL, Murphy MF: Is fresh
frozen plasma clinically effective? A systematic review of randomized
controlled trials. Br J Haematol 2004, 126:139-152.

30. Deitcher SR: Interpretation of the international normalised ratio in
patients with liver disease. Lancet 2002, 359:47-48.

31. Holland L, Sarode R: Should plasma be transfused prophylactically before
invasive procedures? Curr Opin Hematol 2006, 13:447-451.

32. Li G, Kojicic M, Reriani MK, Fernández Pérez ER, Thakur L, Kashyap R, Van
Buskirk CM, Gajic O: Long-term survival and quality of life after
transfusion associated pulmonary edema in critically ill medical patients.
Chest 2009, 137:783-789.

33. Vamvakas EC, Blajchman MA: Transfusion-related mortality: the ongoing
risks of allogeneic blood transfusion and the available strategies for
their prevention. Blood 2009, 113:3406-3417.

34. Watson GA, Sperry JL, Rosengart MR, Minei JP, Harbrecht BG, Moore EE,
Cuschieri J, Maier RV, Billiar TR, Peitzman AB, Inflammation and Host
Response to Injury Investigators: Fresh frozen plasma is independently
associated with a higher risk of multiple organ failure and acute
respiratory distress syndrome. J Trauma 2009, 67:221-227.

35. Silliman CC, Ambruso DR, Boshkov LK: Transfusion-related acute lung
injury. Blood 2005, 105:2266-2273.

36. Stanworth SJ: The evidence-based use of FFP and cryoprecipitate for
abnormalities of coagulation tests and clinical coagulopathy. Hematology
Am Soc Hematol Educ Program 2007:179-186.

37. Keeling D: International Normalized Ratio in patients not on vitamin K
antagonists. J Thromb Haemost 2007, 5:188-189.

doi:10.1186/cc10129
Cite this article as: Stanworth et al.: A national study of plasma use in
critical care: clinical indications, dose and effect on prothrombin time.
Critical Care 2011 15:R108.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Stanworth et al. Critical Care 2011, 15:R108
http://ccforum.com/content/15/2/R108

Page 10 of 10

http://www.ncbi.nlm.nih.gov/pubmed/20639745?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20639745?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15708870?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15708870?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15708870?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15198728?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15198728?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15015971?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15015971?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15015971?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16934060?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16934060?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16934060?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16753596?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15341698?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15341698?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19765515?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19765515?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17381616?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17381616?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17381616?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16131373?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16131373?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16131373?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15198745?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15198745?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15198745?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11809190?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11809190?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17053457?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17053457?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19837827?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19837827?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19188662?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19188662?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19188662?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19667872?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19667872?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19667872?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15572582?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15572582?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18024627?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18024627?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17067366?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17067366?dopt=Abstract

	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Analysis
	Use of FFP
	Dose of FFP and reason for administration
	INR values pre-FFP transfusion
	Change in INR post-FFP transfusion
	Cryoprecipitate use


	Results
	Use of FFP
	Dose of FFP and reason for administration
	INR values pre-FFP transfusion
	Change in INR following FFP transfusion
	Use of cryoprecipitate

	Discussion
	Conclusions
	Key messages
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


