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Summary 
in 1996. we prospectively audited pert-operative transtitsion practice in elective surgical patients over 

a 3-month period. Two-unit transfusions represented 60% of all transfusions. Haemoglobin was 

pleasured infrequently prior to transfusion and the main 'trigger' for [ranstitsion was an estimated 

blood loss in excess of 3(14) nil. Traps(pslots guidelines that required the haentoglobin level to be 

pleasured immediately before transfusion were introduced. The audit was repeated in 1998; 

transtitsion 'triizgers and the number of transfusions for the two periods were compared. In the 

second audit, the total number of transfusions decreased by 43'%,. The mean estimated blood loss 

associated with i 2-unit transfusion had increased from 608 (373) in] to 132( (644) nil (p < (1.1)1) 

and the estimated haeittoglobin concentration after rraiistiision had decreased front 12.4 (1.8) g.dl-t

to 9.9 (2.4) g.d1-1 (p < 0.01). These results suggest that transfusion guidelines can have a significant 

impact on clinical practice. 
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Considerable variability in transfusion practice exists, both 
between and within institutions [1-3]. The SANGUIS 
study, which examined blood product use in 43 European 
hospitals, found that transfusion rates depend more on 
phycicianc than on type of procedure. patient population 
or hospital [4[. Studies reviewing the appropriateness of 
red-cell transfusion, based on a variety of criteria, estimate 
that the proportion of unnecessary transfusions ranges 
from 4 to 66% [5]. Reasons for the large variability in 
transfusion practice remain elusive, but clinicians' prac-
tices and attitudes may be entrenched and slow to change 
[6). Many clinicians continue routinely to transfuse 
patients to haemoglobin levels > 10 g.dl-1 [7. 8), despite 
little scientific evidence to support this practice [9-i I]. 

Blood transfusion is not entirely risk free. The risks of 
allogeneic transfusions include viral transmission and 
inununontodulation with implications for tumour recur-
rence and postoperative infection [12-141. Operational 
transfusion errors are a significant cause of morbidity and 
mortality [131. Inappropriate blood transfusions expose 
patients to unnecessary risk and have a considerable 
economic impact (16). Up to 74.1% of all red-cell 
transfusions are administered to surgical patients during 
the peni-operative period [171. Anaesthetists and surgeons 
are responsible for the decision to transfuse in over two-
thirds of hospital inpatients. The basis on which they 
make these decisions is therefore of fundamental impor-
tance in determining the use and administration of blood 
within the NHS. 

The aim of our study was to audit pen -operative 
transfusion transfusion practice in elective surgical patients, to 
determine which 'triggers' were being used to initiate 
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red-cell transfusion and identity opportunities for redu-
cing unnecessary transfusions. 'Departmental transfusion 
guidelines were introduced following Elie first audit and 
their impact was measured in'a repeat audit 1 year later. 

Methods 

In 1996. we undertook a survey of all medical staff 
(n = 50) within the Department of Anaesthesia in a large 
teaching hospital to ascertain their views concerning red-
cell transfusion and the 'triggers' used to initiate 
transfusion during the peri-operative period. This vas 
followed by a prospective 3-month audit of pen -operative 
red-cell red-cell transfusions in all elective surgical patients. 
excluding day-case and cardiac surgical patients. Data 
collected included patient weight (Wt), operative proce-
dure, pre-operative haemoglobin level (Hb,t, rt), haemo-
globin (Hb) level at the time of transfusion (if known). 
estimated blood loss (EBL) recorded by the anaesthetist 
and number of red cell units transfused. Estimated blood 
volume (EBV) was calculated as 70 n11.kg-1 body weight. 
Estimated haemoglobin balance following transfusion %vas 
calculated using the formula: 

Hb = Hb,,,,, + [(units transfused X 70)/Wr) 

- [(EBL X Hb )/(Wt X 70)) 

assuming that I unit of red cells increases the Hb level by 
1 g.d1-1 in a 70-kg adult [18[. While this formula is 
somewhat simplistic and assumes linearity of Hb change 
with blood loss or red-cell transfusion, it is probably valid 
over the range of transfusions studied (1-2 units). The 

Measure Hb BEFORE starting red cell transfusion 
Document result on chart 

Hb >= 10 g.dl-1
Do NOT transfuse 

If you do transfuse 
DOCUMENT the decision process on chart 

eg Coronary artery disease 
Ongoing blood loss 

Figure 1 Guidelines for peri-operative red-cell transfusion. 
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• Hb >= 8 g.dl-1 
Do NOT transfuse if: 

ASA I or 2 
No significant co•marbldlty 

Not anticipating further blood loss 
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blood hank provided data on transfusion to cross-match 

ratios (defined as the num ber of units transfused in any 

given inpatient episode to number of risiss- matches). 

Cross-match requests for elective surgical cases were 

based on the published maximum blood-ordering 

schedule. 
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Following the 199( audit. departmental guidelines 

were introduced (Fig. 1). The only ulaudatory require-

rnenr was that the Hb conccntr'.trion was measured 

innnediatel before starring a transtii.ion and ilocu-

mented on the anaesthetic chart. To facilitate patient 

testinz. tour Hemocuest® (He1110Cne AB, An_clholm. 

1 2 3 4 6 8 >10 

Number ofunits of red blood cells transfused 

Figure 3 Number of tr:ulstilsion episodes aid number of touts transtilsed during time I')9f, (upctr) said I')') (solid) audit.. 
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Figure 4 Detail front the survey of ti-.ui.finiun pits use the main transfusion triggers used by anaesthea>ts in detc•riiuning whether to 
imnatc i pen-operative red cell ti, nsftniorl in 1996 (open) and 199.8 (solid). 

Swcdrn) were placed in the o'ei .utlsg [Itcari'c. Advice 
was gtvcis on transfusion thresholds, but there was no 
formal policing of compliance with the guidelines. As 
nets medical stab io lit ed the department, guidelines 
were reinforced. In ➢998, the repeated the audit. a :un 
over a 3-month period. We decided to speciticallt 
target I- and 2-unit trail sittsi sits for scrutiny. as thcc 
represented the nlajority of transiilsions and would be 
the group most likely to alter as ,t result of changes in 
tr:utstilsiolt practice. This grim}' had the greatest 
potential for unnecessary transtilsion. 'I he Student -s r --
test was used for statistical an.lh•sis of data. Stunnlary 
statistics are given as nlcans aid standard dct•tatnms 
(SI)). 

Results 

In 1996, there were 1771 elective surgical patients during the 
3-month period. Seventeen per cent of these patients had 
been cross-matched (it = 3(l)) and a total ot'96 patients (3_''•-„) 
received a transfusion. Two-thirds of all transfusions com-
prised 2 units (it = 63). In the second audit, there were 1783 
elective surgical cases of which 15 case: were cross-matched. 
Surgical case ntix was similar fur the audits (Fig. 2). 

There was a decrease in transfusions in 1998 compared 
with 1996, with only 18% of cross-matched patients 
receiving a transfusion (it = 36). This reduction was due 
almost entirely to fewer 2-unit transfusions (it = 23: 
Fig. 3). The number of three or store unit transfusions 

Table 1 Patient demographics and details of 
1996 1998 antra-operative blood loss and haemoglobin 
n = 67 n = 26 balance tisllowiutg one and two unit red cell 

— - tranclucllllls. All v.iluc's are shosvui ,ls lilcall 

Weight; kg 64.5 (14) 69.9 (13) (SI ) ) 
Pre-operative Hb; g.dl ' 170 (227) 11.6 (1.90) 
EBV; ml 4514 (1017) 4895 (995) 
EBL; ml 609 (374) 1317 (644)• 
Blood loss as percentage of EBV 13 5 (7.9) 27.8 (14.7)' 
Estimated decrease in Hb as a result 1.66 (1.04) 3,18 (1_90)• 
of blood loss; 9.dl ' 
Haemoglobin balance following surgical blood Positive Negative 
loss and blood transfusion; g.dl ' +0.42 (13) -1.21 (1.7)• 
Estimated Hb after peri-operative 124 (1.8) 9.9 (2.4)' 
transfusion episode; g.dl 1

'p = 0.01 
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Table 2 Contp.tnon of cross-match to transfusion ratios 

Procedure 1996 1998 

All surgical procedures 2.9 3.3 
(elective and emergency) 
Craniotomy 4.8 6.0 
Total hip replacement 3.4 3.4 
Total knee replacement 3.4 4.8 
Transurethral prortatectomy 2.8 3.3 
Total abdominal hysterectomy 4.7 9.0 

remained similar in both periods. Only two patients who 
had nor been cross-matched (one in 1996 and one in 
1998) received a red-cell transtusion. 

One and 2-unit red-cell transfusions 
Single-unit transfusions were uncommon (< 5% of all 

transfusion episodes in 1996 and 1998). Two-unit 

transfusions represented 66o/o of all transfusion episodes 
in 1996 and 41% in 1998. There was no significant 

difference in patient demographics in the two periods. 

Patients' weights, estimated blood volumes and pre-

operative Hb levels are shown in Table 1. The estimated 

blood loss (E13L) associated with a 2-unit transfusion 

increased significantly from a mean of 609 (374) ml in 
1996 to 1317 (644) ml in 1998 (p < 0.01). In 1996, 
there was a net increase in Hb following surgical blood 
loss and peni-operative transfusion of red cells, from a pre-
operative value of 12.0 (2.27) g.dl - ' to a final estimated 
Hb of 12.4 (1.8) g.d1- '. In 1998. after the introduction of 
the transfusion guidelines, the same calculation demon-
strated a net decrease in Hb from a mean pre-operative 
value of 11.6 (1.90) g.dl -1 to 9.9 (2.4) g_dl - ' (p <0.111). 

Survey of attitudes to transfusion 
There was little change in attitude within the anaesthetic 

department between 1996 and 1998 concerning the Hb 
concentration (8-9 gall - ') perceived as acceptable in a 

healthy adult. Also, there was no change in attitude to 1-unit 

transfusions, with 70%ofthe department indicating chat they 
felt that a 1 -unit transfusion was never justified. In both

Table 3 projected demand for units of blood compared to actual 
use 

Financial Contract Actually Difference 
year target (1) used (1) % 

1996/97 20 000 20 059 + 59 + 0.3% 

1998/99 20964 18 764 - 2200 - 10.5% 

Small increase in target to accommodate expansion of existing 
services and new surgical developments. 

C 2000 Blackwell Scene Lid 
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surveys. 80% indicated that I unit of packed red cells would 
increase the Hb in an average adult by 1 g.d1- '; however, 
211r%% incorrectly thought the Hb would increase by only 
(1.5 gall - . There was a touch greater inclination to m easure 
the patient's Hb before starting a red-cell transtitsion in 1998 
(80 vs. 40%). Also, there were clearditierences in'transtitsion 
triggers'. In the second survey. measured Hb concentration 
was the primary transfusion trigger, whereas estimated blood 
loss .was the Main trigger in the first survey. Anticipated or 
ongoing blood Toss was considered equally important in both 
surveys as a transfusion trigger (Fig._4). 

Transfusion to cross-match ratios and financial data 
Data front the blood bank demonstrated that transtitsion 

in all surgical patients (elective and emergency) decreased 
from 1996 to 1998, with a corresponding increase in the 
transfusion to cross-match ratio over the 2 years (2.9-

3.3). Certain surgical specialties had significant increases 

in the transfusion to cross-match ratio (Table 2). In 1998, 
the annual blood bank budget for red cells was underspent 

by £35,504), 10% of the budget. This was equivalent to 
2200 units of red blood cells (Table 3). 

Discussion 

Our results demonstrate a significant change in transfusion 

practice. with a reduction in the total number of 

transfusions administered peni-operatively over the two 

periods studied. In 1996. 32'yl of cross-marched patients 

were transfused, giving a transfusion to cross-match ratio of 
3.0. However, of those patients transfused, 63% received a 

2-unit transfusion and more than half of these were 

transfused to a Hb that was equal to or higher than their 

pre-operative Hb. in the first audit, the primary trigger for 

initiating red-cell transfusion was an estimated blood loss 

> 500 ml. This threshold was fairly consistent and was not 

influenced significantly by either the patient's estunated 

blood volume or their pre-operative Hb. It would appear 

that without objective criteria (Hb measurement) on which 

to base the transfusion decision, clinicians act on the basis of 

clinical experience, with a natural tendency to err on the 

side of caution and replace all or most of the lost red cells. 

The second audit took place 18 months after the 

guidelines had been established. There was a demonstrable 

reduction in the total number of red-cell transfusions 

(transfusion to cross-thatch ratio 5.5), which was due 

almost entirely to a reduction in 2-unit transfusions. The 

triggers for transfusion appeared to be m ore appropriate as 

the mean estinl,ued Hb tullowing transfusion -as sig-

nificantly lower than in 1996 (9.9 g.dl - '). This difference 

may be explained in part by clinicians adopting a more 

cautious approach to red-cell transtusion. However, the 

results of the survey of transfusion practice show that there 
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was little change in the perceived acceptable Hb level (8-
9 g.dl - '). The audited changes would appear to be related 
to the more frequent measuretent of the patient's Hh 
before starting a red-cell transfusion. 

However, in order to modih• pen -operative transfusion 
practice, point of care resting is essential 1191. Acquiring 
laboratory results can rake in excess of 60 min and so are 
of little value in the acute situation. The HemoCue`i 
produces results comparable with the laboratory-based 
Coulter® counter provided standard operating proce-
dures are used and quality control is monitored [20]_ The 
availability of such equipment in operating theatres allow: 
transfusion decisions to he based on objective criteria. 

Although our guidelines require prior Hb measurement. 
the transfusion thresholds themselves are advisory. in order 
to allow flexibility to account for individual circumstances. 
Factors such as the surgical procedure, continuing blood 
loss, co-existing morbidity and physiological reserve all 
influence the transfusion decision 1101. The indications for 
transfusion should always be documented as this has been 
shown to improve compliance with guidelines for red-cell 
transfusion and reduce the number of transfusions given 
1211. It is notable that single-unit transfusions accounted for 
< 5% of all transfusion episodes in both our audits. The 

survey of transfusion practice showed a consensus that if 
transfusion is necessary. then it is always worth giving 
2 units. However, a single-unit red-cell transfusion may be 
adequate to achieve the target Hb. Where quality 
improvemetrt progranmaes for red-cell transfusion are 
implemented, it is conunon to find that the use of 
single-unit transfusions increases significantly. One institu-
tion recently reported that single-unit transfusions now 
represent 77% of all transfusion episodes 1221. 

Transfusion to cross-match figures from the blood bank 
showed a less impressive reduction when compared with the 
data for peni-operative transfusions. Transfusion to cross-
match ratios are based on transfusions for the entire inpatient 

episode and although the guidelines have altered practice in 
the operating theatre, postoperative transfusions on the wards 

have remained entirely at the discretion of the surgical team. 
Nevertheless, transfusion to cross-match ratios for many 
surgical procedures have increased, indicating that the use of 
top-up transfusions in the postoperative period is decreasing. 

The high transfusion to cross-match ratios have since led to a 
review of the maximum blood-ordering schedule with fewer 
units routinely cross-matched for some elective procedures. 

Improving clinician awareness and education on 
transfusion issues is .m important component of the 
strategies available to reduce the use of allogeneic blood 
123. 241. Autologous transfusion methods (pre-operative 
deposit, isovolaenric haemodilution and cell salvage) do 
have an important role. but they also have cost and logistic 
pressures and are not necessarily suitable for all types of 
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surgery. Lowering the trigger and target His thresholds for 
red cell transfusion has a significant effect on the use of 
allogeneic blood without compromising patient outcome 
1 1 1. 25-271. However, our results, and also those front 
other centres 17. ti. 28[. show that it is still fairly common 
practice for surgical patients to be transfused to Hb levels 
> 111 g.dl - '. There is no evidence in patients undergoing 
elective surgery chat this practice reduces morbidity or 
mortality (29. 3i r]. or that moderate degrees of anaemia 
(8-1(1 g.dl - ') are necessarily harmful as long as nornio-
volaemia is maintained [31, 32]. Indeed, transfusion of 
allogeneic red cells may be independently associated with 
longer hospital sum's. an increased incidence of post-
operative infection and higher hospital costs [27. 33]. 

This study demonstrates that it is possible to change 
clinical practice through audit and the use of simple 
transfusion guidelines, achieving significant reductions in 
the amount ofallogeneic blood transfused in elective surgical 
patients. The elimination of unnecessary red-cell transfusion 
has many potential advantages in terms of patient safety 
provides economic benefits for the institution concerned and 
reduces demand for a scarce and precious resource. 
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