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Introduction
The transfusion of blood components plays a

fundamental role in the management of various pathologies
and is, sometimes, a life-saving treatment. Blood is,
however, an expensive and limited resource; over the last
20 years there has been a progressive increase in demands
for this product, mainly as a result of the advances in
oncohaematological therapies and the increase in major

Introduction. The considerable increase in the consumption of fresh-frozen plasma (FFP) recorded

in 2002 in the Region of Tuscany made it necessary to check the appropriateness of the use of this blood

component in all transfusion facilities in the Tuscan network.

Materials and methods. From July 1, 2003 to December 31, 2005, the Regional Blood Transfusion

Co-ordinating Centre carried out an audit on the clinical use of FFP in the 40 structures included in the

Tuscan transfusion network. The study had two complementary parts: a review of guidelines on the use

of FFP and the involvement of Hospital Transfusion Committees in evaluating the outcome of the audit

and in the consequent local policy decisions and in educating clinicians.

Results. The data from all 40 of the regional transfusion structures were analysed. The audit, which

was initially retrospective, gradually became prospective. The percentage clinical use of FFP decreased,

compared to 2002, in each of the 3 years of the study: a) 2003: - 8.92%; b) 2004: - 2.11%; c) 2005: -

1.97%. The inappropriate requests for plasma decreased from 27% to 22.7% of the total. It was possible

to classify the inappropriate requests for plasma on the basis of homogeneous, regionally defined criteria.

The most frequent inappropriate indication (60.7% of the total) was the use of plasma in the case of

haemorrhage in patients with a normal PT and/or PTT or unavailable results. Each hospital revised its own

guidelines between 2004 and 2005 and the Hospital Transfusion Committees set up appropriate educational

and behavioural interventions.

Conclusions. The capacity of transfusion facilities to make data on the use of blood components

available systematically and continuously is an essential feature of clinical governance; systematic clinical

auditing increases the level of appropriate behaviours in the transfusion sector, contemporaneously

contributing to self-sufficiency in transfusion products, and  may direct research towards those clinical

settings at greatest risk of inappropriate use of transfusion therapy with FFP.
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surgery. The achievement of self-sufficiency in blood and
its derivatives, a goal destined to be affected also by
changes in the demographic characteristics of the
population, is a priority for all health care systems, not
only for those in western societies1-6.
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In Italy, in the 5 years from 2001-2005, the clinical use of
fresh-frozen plasma (FFP) has tended to increase, despite
2% reductions in 2002 and in 2005 compared to the
consumption in the respective preceding years, 2001 and
2004. In fact, the consumption of FFP increased from 146,844
L in 2001 to 153,493 L in 20051,7-10.

In 2002, the Tuscany Regional Blood Transfusion Co-
ordinating Centre  (RBTCC) for transfusion services found
that the use of FFP in the Region clearly contrasted with
the national trend; indeed, that year, the use of FFP, reached
its peak of 10,625 L (equivalent to about 3L/1,000 residents/
year), with a increase of 4% with respect to 2001. Therefore,
in 2003, the RBTCC, in the context of a regional
benchmarking project lasting several years, that was aimed
at continuous improvement of quality and self-sufficiency
of the Tuscan transfusion system, introduced a systematic
audit of the appropriateness of the clinical use of FFP in
the hospitals making up the regional transfusion network.

Inappropriate transfusion therapy with FFP is probably
one of the main avoidable risks for patients and it is known
that guidelines are not, per se, able to influence clinical
practice11,12, because without the help of other instruments,
such as auditing and educational interventions, they may
not be able to reach a level of diffusion and acceptance
such as to be able to direct clinical practice towards the
recommended behaviours.

There is, however, evidence showing that clinical
auditing is an educational and behavioural strategy that is
effective in altering the level of inappropriate transfusion
treatment and is able to contribute to self-sufficiency in
blood products, to a reduction in health care costs and to
the delivery of better health care13.

The aim of this study was to verify the impact of an
auditing process on the appropriateness of the clinical use
of FFP and to classify the main causes of the inappropriate
use of this product within the regional transfusion network.

Materials and methods
The transfusion system of the Region of Tuscany is

spread throughout the region and comprises 15 Services
of Immunohaematology and Transfusion Medicine (SIMT)
and 25 depending on them14; the Tuscan transfusion
network is incorporated in regional hospitals, managed by
12 Health Care Companies and by 4 University Hospital
Companies, which deliver health care services to a
population of about 3,600,000 people.

The study was co-ordinated by the RBTCC and carried
out over a period of 3 years, that is, the second semesters
of 2003 and 2004 and throughout 2005; in this period all the

regional transfusion structures audited the requests
received for FFP and, at the same time, undertook two
complementary actions: updating their guidelines and
involving the Hospital Transfusion Committees (Comitati
Ospedalieri per il Buon Uso del Sangue, COBUS) in the
evaluation of the outcome of the audit and in the
consequent implications for local policy and education of
clinicians.

The audit was conducted by manual review of
transfusion requests by medical staff of the SIMT and the
Transfusion Sections. Each transfusion structure was asked
for the following data for each year: a) method of carrying
out the appropriateness audit (retrospective or
prospective) of the FFP transfusion requests received; b)
total number of requests for FFP received; c) number of
FFP requests audited; d) classification of the requests, on
the basis of literature data and specific hospital guidelines,
into: 1) appropriate; 2) inappropriate and, from 2004, 3) into
a grey zone, with the aim of dividing the definitely
inappropriate requests from those that were potentially
inappropriate; e) classification of the inappropriate
requests, from July 2004, according to the following,
predefined, homogeneous regional criteria: 1) haemorrhage
in a surgical context with PT and/or PTT not available; 2)
haemorrhage in a non-surgical context with PT and/or PTT
not available; 3) haemorrhage with PT and/or PTT normal;
4) prophylaxis of haemorrhagic events with PT and/or PTT
normal or not performed; 5) prophylaxis of haemorrhagic
events in the presence of altered PT and/or PTT; 6)
hypoalbuminaemia and/or nutritional purposes; 7) requests
based on predefined formulas; 8) concomitance of more
than one of the preceding causes of inappropriateness; 9)
other causes.

The data collected by the SIMT and the Transfusion
Sections were subsequently sent at regular intervals to the
RBTCC, which processed them, and reported them together
with information on the regional production and
consumption of FFP from 2002 to 2005; furthermore, the
clinical use of FFP from 2002 to 2005 was also compared
with the consumption of red blood cells (RBCs), a parameter
used by the RBTCC as a regional indicator of the intensity
of health care activities.

The statistical analysis (Student's t test) was carried
out with GraphPad InStat software (version 3.00, GraphPad
Software, San Diego, CA – USA).

Results
Data were received from all 40 regional transfusion

structures and analysed. Each hospital revised its own
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guidelines between 2004 and 2005, also in the light of the
guidelines published in July 2004 in the British Journal of
Haematology by the British Committee for Standards in
Haematology15.

The indications, for which the clinical use of FFP is
considered appropriate, are reported below:
- correction of a congenital deficiency of a clotting factor

for which the specific factor concentrate is lacking;
- acquired deficiency of multiple clotting factors, when

PT and aPTT are > 1.5 normal levels, in the presence of
an ongoing haemorrhage or severe risk of haemorrhage;

- use as a fluid replacement in the apheretic treatment of
thrombotic microangiopathies;

- reconstitution of whole blood for exchange
transfusions;

- hereditary angioedema due to C
1
 esterase deficiency,

in the absence of a specific plasma-derivative.
In the same period, the COBUS of all the structures

involved in the study evaluated the results of the audits
carried out and involved clinicians in a shared review of
the guidelines on transfusion therapy with FFP and in their
diffusion within the hospitals.

The overall data for the 3 years examined on the way
the auditing was carried out showed that, on average, 56%
of the transfusion requests underwent systematic,
prospective auditing.

The mean percentage of prospective audits of the
requests increased in a statistically significant manner from
30% in 2003 to 65% in 2004 (p = 0.0001) and to 72% in 2005
(p < 0.0001); the increase between 2004 and 2005 was not
statistically significant (p = 0.26) (Table I).

The total percentage of requests subjected to

appropriateness auditing increased from 39.2%, in 2003, to
99.1%, in 2005; that of the inappropriate requests changed
from 27% in 2003 to 26.7% in 2004, and to 22.7% in 2005;
furthermore, in the period of 18 months between July 2004
and December 2005, 5.6% of the requests checked (900/
15,996) were classified in the grey zone (Table II).

In the 24 months of the study, the Tuscan transfusion
structures received a total of 24,918 requests for FFP and
audited 19,070 (76.5%); 13,506 (70.8%) of the requests were
considered appropriate, 4,664 (24.5%) inappropriate and
900 (4.7% of the total in the 3 years) fell in the grey zone.

The analysis of the percentage of requests for FFP,
which were audited by the individual transfusion structures
(data not shown), revealed increases that were statistically
significant for the comparison between 2003 and 2004 (p =
0.03) and between 2003 and 2005 (p = 0.02), but not for the
comparison between 2004 and 2005 (p = 0.2).

The trends in the percentages of appropriate, not
appropriate and grey zone requests, analysed for the
individual hospitals for the period under consideration,
did not show statistically significant changes (data not
shown), although there was a general tendency to a
reduction in the total percentage of inappropriate and grey
zone requests for FFP.

Compared with the level of use in 2002, the clinical use
of FFP (in litres) decreased in each of the 3 years of the
study: a) 2003: - 8.92%; b) 2004: - 2.11%; c) 2005: - 1.97%;
similarly, there was a reduction in the litres of FFP derived
from separation that were used clinically: a) 2003: -13.99%,
b) 2004: - 10.13%, c) 2005: - 17.91%, and a steady increase
in the percentage of FFP from apheresis used clinically
(Table III) (Figure 1).
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Table I  - Region of Tuscany: trend in the percentage of prospective audits of Fresh Frozen Plasma (FFP) requests from 2003 to 2005

Prospective audits of FFP requests in the period 2003-2005 (%)

2003 2004 2005 2003-2005

Mean 30 65 72 56

Standard deviation 16 36 33 34

Median 37 77 85 45

Range 0-45 0-100 0-100 0-100

95% Confidence Interval 20.3 – 39.7 43.2 – 86.6 52.2 – 91.7 45 - 67

p

2003 vs 2004 2003 vs 2005 2004 vs 2005

0.0001 < 0.0001 0.26
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Table II  - Region of Tuscany: classification of the transfusion requests for fresh-frozen plasma  (FFP)
received and audited from 2003 to 2005

FFP requests 2003 2004 2005 2004-2005
(6 months) (6 months) (12 months) (18 months)

Received 7,841 5,978 11,099 17,077

Audited 3,074 4,997 10,999 15,996

Audited % 39.2 83.5 99.1 93.7

Appropriate 2,244 3,263 7,999 11,262

Appropriate % 73 65.3 72.7 70.4

Not appropriate 830 1,335 2,499 3,834

Not appropriate % 27 26,7 22,7 24

Grey zone 0 399 501 900

Grey zone % 0 8 4,6 5,6

Figure 1 – Region of Tuscany: fresh-frozen plasma (FFP) from apheresis and from separation used for clinical
purposes from 2002 to 2005. The values are expressed in litres and as a percentage of the total.
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The year in which the clinical use of FFP was lowest
was 2003; there were then moderate increases in 2004 and
2005, although the levels of 2002 were not reached. The
increased use of FFP (in litres) from 2003 to 2005 was,
nevertheless, percentage-wise, less than that expected on
the basis of the increased consumption of RBCs in the
same period. RBC use is an indicator of the intensity of
health care services recorded by the RBTCC throughout
the region; in fact, the consumption of RBC units was
145,498 units in 2002, decreased in 2003 to 144,921 units (-
0.39 %) then rose in 2004 to 151,947 units (+ 4.43 %) and in
2005 to 154,080 units (+ 5.98 %) (Figure 2).

The regional production of plasma changed from 57,400
L in 2002 to 65,979 L in 2005 (Table III) (Figure 3). The
relationship (in litres) between FFP used clinically and the
total amount of FFP produced showed a tendency to
decrease with respect to that in 2002: a) 2002: 18.51%; b)
2003: 16.39%; c) 2004: 16.6%; and d) 2005: 15.78%.

In order to classify the types of inappropriate requests
according to predefined criteria established by the Region,
an analysis was conducted on 15,996 requests (93.7% of
the total 17,077 received) for FFP during 18 consecutive
months from July 1, 2004 to December 31, 2005; 3,834 (24%)
of the requests were considered inappropriate, 11,262
(70.4%) appropriate and 900 (5.6%) fell in the grey zone
(Table II).

Table IV reports the types of inappropriate requests
and their proportional incidence in decreasing order.

The analysis of the types of inappropriate requests
recorded by the individual hospitals (data not shown)
revealed the following: (i) there were 2,328 inappropriate
requests for FFP (60.7% of all inappropriate requests) for
the treatment of haemorrhagic events in patients with PT
and/or PTT values unavailable or normal): 38.7% of these
requests (n=901) came from three University hospitals; (ii)

Blood Transfus 2007; 5: 75-84  DOI 10.2450/2007.0015-07
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Table III  - Region of Tuscany: consumption of fresh-frozen plasma (FFP) for clinical use from 2002 to 2005 and production of
the FFP in the same period.

2002 2003 2004 2005

FFP produced (L) 57,400 59,036 62,626 65,979

Difference in production compared to 2002 (%) + 2.85 + 9.1 + 14.95

FFP distributed for clinical use (L) from apheresis 5,404 5,186 5,708 6,130
from separation 5,221 4,491 4,692 4,286
Total 10,625 9,677 10,400 10,416

Difference in the distribution of FFP from apheresis - 4.35 + 5.62 + 13.43
for clinical use compared to 2002 (%) from separation - 13.99 - 10.13 - 17.91

Total - 8.92 - 2.11 - 1.97

1,853 requests (48.3% of the total) were defined
inappropriate because they were made without the results
of screening coagulation tests: 59.2% of these (n=758) were
from the same three University hospitals; (iii) 906 of the
inappropriate requests (23.7% of the total) were made for
prophylaxis of haemorrhagic events (with PT and/or PTT
not available, normal or altered): 29.6% of these requests
(n=268) were made by a single University hospital; 3)
treatment of hypoalbuminaemia and/or nutritional
purposes were the reasons for 212 inappropriate requests
for FFP (5.5% of the total): 56.6% of these requests (n=120)
came from one University hospital.

Discussion
The systematic review of 19,070 requests for FFP,

equivalent to 76.5% of all requests for the period 2003-
2005, showed that the inappropriate use of FFP in Tuscany
decreased from 27% in 2003 to 22.7%, in 2005. The mean
reduction over the whole 3-year period was 24.5%; this
result, if transferred into daily clinical practice, implies that
of every four requests for FFP, one is inappropriate. The
percentage of inappropriate clinical use of FFP recorded in
this regional study is however, in the lower range (10-74%)
reported in previous studies on the same subject carried
out between 1986 and 2006, although these were conducted
in heterogeneous health care systems, including some non-
western countries6,16-37. The percentage reduction in
inappropriate use (4.3%) was detectable, although relatively
small; it is compatible with results obtained in other studies
carried out in health care systems comparable with the
Italian system. In these studies, prospective auditing was
combined with corrective actions (such as improving blood
component request form) and educational interventions
aimed at improving clinical practice17,29. The decrease in
inappropriate requests for FFP during the course of the
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Figure 3 - Region of Tuscany: production of fresh-frozen plasma (FFP) and clinical use of FFP from 2002 in litres

Figure 2 - Region of Tuscany: comparison between the changes in percentage consumption of fresh-frozen plasma (FFP)
and red blood cells (RBC) in the years 2003-2005 compared to in 2002
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study was attributed to various factors, probably acting
together: a) the increase in audits of appropriateness (+
44.3% in 2004 and + 15.6% in 2005) and, in particular, the
continuous increase of prospective auditing from 2003,
even if this did not reach statistical significance in 2005; b)
the interventions carried out between 2004 and 2005, such
as the divulgation of the updated guidelines within the
hospitals and the education of clinicians promoted by the
COBUS. In fact, the COBUS are able to influence the
appropriateness of the use of blood components
significantly38. The results of the present study confirm
already existing evidence on the capacity of behavioural
interventions to modify the level of inappropriate
transfusion therapy13. Moreover, this regional study seems
to indicate that auditing and educational interventions,
particularly if combined with a review of the guidelines on
transfusion therapy, can enhance their diffusion and
acceptance, improving the appropriateness of blood
product use. The analysis of the regional consumption of
plasma, during the period of the study, confirmed the
increase of appropriateness of FFP therapy. Other indices
of the more appropriate use of FFP are the considerable
reduction in the clinical use of plasma obtained by
separation in favour of that from apheresis (with
consequent less exposure of recipients to donors) and the
lesser percentage increase in FFP use compared to that of
RBC use. The increased use of RBCs in the same period
reflects the considerable intensification of health care, that
occurred in the Region from 2003 onwards, particularly in
transplant medicine39. This could explain why, in the same
period that prospective auditing increased significantly,
there was also a  moderate increase in the consumption of
FFP, although this never reached the levels of 2002.

The possibility of classifying requests in a grey zone,
introduced in the audit from 2004, enabled 900 potentially
inappropriate requests to be picked up in the following 18
months.

These requests were separated from the definitely
inappropriate requests, thus reducing the "bias" of
mistaken classification and undoubtedly contributing to
reducing the percentage of inappropriate requests40,41.
Furthermore, the use of the grey zone was attributed the
capacity to increase the robustness of the studies on the
inappropriateness of transfusion therapy, precisely because
of the separation that this zone enables between potentially
and truly inappropriate transfusions42.

The analysis of about 16,000 requests made in 18
consecutive months, showing that 24% of these were
inappropriate, enabled the main causes of the
inappropriateness to be determined and grouped in
predefined classes. The highest percentage of inappropriate
requests (60.7%) was for the treatment of haemorrhagic
events, both in medical and surgical settings, without
information on baseline haemostatic parameters (PT and
PTT) or in the presence of normal values for these
parameters. It, therefore, appears that there are situations
in which the therapeutic choice seems to be dictated
predominantly by the clinical evaluation, independently of
laboratory information, since the data were missing
completely in 48.3% of the cases. This last figure probably
underestimates the real percentage of requests made in the
absence of laboratory data, because it does not take into
account the 12.3% of inappropriate requests for the
prophylaxis of haemorrhagic events in which the absence
of PT and/or PTT was combined with normal results for
these parameters.

Appropriateness of FFP transfusion

Blood Transfus 2007; 5: 75-84  DOI 10.2450/2007.0015-07

Table IV  - Region of Tuscany: causes of inappropriate use of fresh-frozen plasma as revealed by the audit of
requests from July 1, 2004 to December 31, 2005

Cause of inappropriate use Number of requests %

Haemorrhage in a surgical setting with PT and/or PTT not available 1,281 33.4

Haemorrhage in non-surgical setting with PT and/or PTT not available 572 14.9

Haemorrhage with PT and/or PTT normal 475 12.4

Prophylaxis against bleeding with PT and/or PTT normal or not carried out 470 12.3

Prophylaxis against bleeding with PT and/or PTT altered 436 11.4

Hypoalbuminaemia and/or nutritional purposes 212 5.5

Concomitance of more than one inappropriateness 199 5.2

Other causes 97 2.5

Requests based on a predefined formula 92 2.4

Total 3,834 100
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Thus, the lack of laboratory data we found seems to be
greater than the 34.1% reported by other Authors16; this
difference is probably due to the different design of the
study mentioned, which also evaluated the laboratory data
of patients transfused with FFP, with the aid of a specific
database. Both results were, however, encouraging  in the
light of the data from the Sanguis study in 1994, which
found that PT data were missing in 84% of the transfusion
recipients of FFP in 43 European hospitals43.

In second place as a cause of inappropriate use of FFP,
was prophylaxis of bleeding (23.7% of inappropriate
requests). Transfusion therapy with FFP to correct
coagulation test abnormalities before carrying out invasive
procedures is a common clinical practice, even if there are
no "evidence-based" guidelines on this issue. Haemostasis
is a complex process of interactions between pro-coagulant
molecules, platelets, natural anticoagulants, the fibrinolytic
system and the endothelium. The screening tests of
haemostasis prior to surgery are usually PT/INR and PTT;
these laboratory tests have been developed to identify
causes of bleeding in patients with a demonstrated
haemorrhagic diathesis (high pre-test probability) and not
to evaluate haemostasis in patients with a negative history
for haemorrhage, nor has it been demonstrated that they
are able to do so. The transfusion of FFP before an invasive
procedure, in order to correct mild to moderate changes in
coagulation tests, is not, therefore, able to correct the
anomaly or to reduce the perceived haemorrhagic risk44-54.

The use of FFP to correct hypoproteinaemia or for
nutritional purposes is greater in developing countries, but
it is difficult to find a justification for this practice in the
Italian health care system19.

The present study also reveals that inappropriate use
of FFP is more common in University hospitals than in
smaller, peripheral hospitals, as already reported in the
literature18; this could be due to the greater complexity of
cases treated in the University hospitals and the greater
amount of blood components distributed by these
hospitals, both factors which could limit the possibility of
carrying out audits and adhering to guidelines.

Possible limitations of this study are: a) that the audit
did not use information technology, which, with a specific
database, would have enabled a whole set of diagnostic,
clinical and laboratory data to be processed and compared
at national and international levels16,41,55-57; b) the definition
of inappropriateness did not take into account the dose of
FFP used and, therefore, the possible administration of
subtherapeutic doses19,41,46,58,59; c) the comparison between
the years was not homogeneous, because the data for 2005

were not divided by semester, but referred to the whole
calendar year.

The capacity of transfusion structures to make data
available systematically and continuously on the use of
blood components is an essential feature of clinical
governance60; systematic clinical auditing, particularly if
performed at a large scale such as regionally, thus enabling
the acquisition of a substantial quantity of data, increases
the degree of appropriate behaviours in the field of
transfusion therapy, contributes to self-sufficiency, and
can direct clinical research towards those sectors in which
inappropriate treatment is greatest. Transfusion medicine
is, in fact, a transversal medical discipline in which there
are few adequately structured trials that provide evidence
on the indications and efficacy of transfusion therapy.
Appropriately designed clinical trials could modify some
decisions, so that they are made on "evidence-based"
criteria61. This is what is happening in the USA, where a
multicentre clinical trial should provide evidence on which
to decide on the clinical use of FFP in patients with liver
disease and INR values of 1.3 - 2, who are candidates for
invasive procedures61; this multicentre study was triggered
by a retrospective audit53, followed by a prospective audit48,
conducted in the same hospital, and a systematic review of
the literature on the subject49.
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