Anaesthesia, 2000, 55, pages 1003-1024

fentanyl for labor analgesia. Anesthesia and Analgesia 1996

83: 1229-33.

Chadwick HS. Ready LB. Intrathecal and epidural mor-

phine sulphate for post-caesarean analgesia: a clinical

comparison. Aucsthesiology 1988; 68: 925-4,

10 Pert CB. Snyder SH. Opiate receptor: demonstranon in
nervous tissue. Saence 1973; 179: 1011-14.

11 Ballantyne JC. Loach AB, Carr DB. Itching after epidural
and spmnal opiates. Pain 1988; 33: 149-6().

12 Bromage PR. Camporesi EM. Durant PAC. Nielen CH.
Rostral spread of epidural morphine. Ancsthesiology 1982: 56:
431-6.

13 Bromage PR. Camporesi EH, Durant PAC. Niclen CH.
Non-respiratory side-eftects of epidural morphine. Anesthe-
sta and Analgesia 1982; 61: 490-3.

14 Cousins MJ. Mather LE. Intrathecal and epidural admini-
stration of opioids. Anesthesiology 1984: 61: 276311

15 Davies ], Dray A. Effects of enkephalin and morphine on
Renshaw cells in feline spinal cord. Narce (London) 1976;
262: 603-4.

16 Thomas DA. Williams GM, Iwata K er al. The medullary
dorsal horn: a site of action of morphine in producing facial
scratching in monkeys. Anesthesiolagy 1993: 79: 54

17 Scott PV, Fischer HBJ. Spinal opiate analgesia and facial
pruritus: a neural theory. Posteraduate Medical Jowrna! 1952:

58: 531-5.

<

FORUM

](

<

20

[
W

Forum

Rieselbach RE, DiChiro G, Freireich EJ. Rall DP
Subarachnoid distribution of drugs after lumbar injection.
New England Jorrnal of Medicine 1962 267: 1273-8.

DiChiro G. Observations on the circulation of the
cerebrospinal fluid. Acaa Radiological Diagnosis 1966; 5: 988~
1002,

Ovama T. Mawssuki A, Taneichi T, Ling N. Guillemin R.
Beta-endorphin in obstetric analgesia. Awrerican Journal of
Obstetrics and Gynecology 1980; 137: 613-16.

Baraka A. Noueihid R, Hay S. Intrathecal mjection of
morphine for obstetric analgesia. Anesthesiology 1981; 54:
136—40.

Vella LM. Willates DG, Knott C, Lintin D], Justins DM,
Reynolds F. Epidural fentanyl in labour. Anaesthesia 1985;
40: 741-7.

Tejwani GA. Ratan AK, McDonald JS. Role of spinal
opioid receptors in the antinociceptive interactions between
intrathecal morphine and bupivacaine. Anesthesia and
Analgesia 1992; 74: 726-34.

Ackerman W, Juneja M, Kaczorowski D. Colclough G. A
comparison of the incidence of pruritus following epidural
opioid administration in the parturients. Canadian Journal of
Anaesthesia 1989: 36: 388-91.

Reducing red blood cell transfusion in elective surgical
patients: the role of audit and practice guidelines

S. V. Mallett, T. D. Peachey,' O. Sanehi,2 G. Hazlehurst® and A. Mehta*

1 Consultant Anacsthetist, 2 Specialist Registrar in Anaesthesia. Department of Anaesthesia, 3 Senior Clinical Scientist and
Laboratory Manager. and + Consultant Haematologist, Department of Haematology, Royal Free Hospital, Pond Streer,

Hampstead, London NI13 2QG, UK

Summary

In 1996. we prospectively audited peri-operative transfusion practice in elective surgical patients over
a 3-month period. Two-unit transfusions represented 60% of all transfusions. Haemoglobin was
measured infrequently prior to transfusion and the main ‘trigger’ for transtusion was an estimated
blood loss in excess of 500 ml. Transfusion guidelines that required the haemoglobin level to be
measured immediately before transfusion were introduced. The audit was repeated in 1998;
transfusion ‘triggers’ and the number of transtusions 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 a 2-unit transfusion had increased trom 608 (373) ml to 1320 (644) ml (p < 0.01)
and the estimated haemoglobin concentration after transtusion had decreased from 12.4 (1.8) gdl™!
t0 9.9 (2.4) g.dI™" (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 insticutions [1-3]. The SANGUIS
study, which exanuined blood product use in 43 European
hospitals, found that transfusion rates depend more on
physicians than on tyvpe of procedure. patient population
or hospital [4]. Studies reviewing the appropriateness of
red-cell transfusion. based on a variery of criteria, estimate
that the proporton 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™" [7, 8], despite
little scientific evidence to support this practice [9-11].

Blood wanstusion is not entirely risk free. The risks of
allogeneic transtusions include viral transmission and
immunomodulation with implications for tumour recur-
rence and postoperative infection [12-14]. Operational
transfusion errors are a significant cause of morbidity and
mortality [15]. Inappropriate blood transfusions expose
patients to unnecessary risk and have a considerable
economic impact [16]. Up to 70% of all red-cell
transfusions are administered to surgical patients during
the peri-operative period [17]. 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 peri-operative
transfusion  practice in elective surgical patients, to
determine which ‘triggers’ were being used to initiate
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red-cell transfusion and idenufy opportunities for redu-
cing unnecessary transfusions. ‘Departmental transfusion
guidelines were introduced following the first audit and
their impact was measured ina repeat audic 1 year later.

Methods

In 1996. we undertook a survev 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 was
followed by a prospective 3-month audit of peri-operative
red-cell rtransfusions in all electve surgical patients.
excluding day-case and cardiac surgical patients. Data
collected included patient weight (W), operative proce-
dure, pre-operative haemoglobin level (Hby,,). haemo-
globin (Hb) level at the time of transfusion (if known).
estimated blood loss (EBL) recorded by the anaesthertist
and number of red cell units transtused. Estimared blood
volume (EBV) was calculated as 70 mlkg ™" body weight.
Estimated haemoglobin balance tollowing transfusion was
calculated using the formula:

Hb = Hby,, + [(units transtused X 70)/Wr]
— [(EBL X Hb,)/(Wt X 70)]

assuming that 1 unit of red cells increases the Hb level by
1 gdl™" 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.dI1
Do NOT transfuse

Hb >= 8 g.dI-1
Do NOT transfuse if:

I

I

If you do transfuse
DOCUMENT the decision process on chart
eg Coronary artery disease
Ongoing blood loss

ASA1or2
No significant co-morbidity
Not anticipating further blood loss

Figure 1 Guidelines for peri-operative red-cell transfusion.
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blood bank provided data on transfusion to cross-match Following the 1996 audit. departmental  guidelines
ratios (defined as the number of units transtused - any were introduced (Fig. 1). The only mandatory require
given inpatient episode to number of cross-matches). ment was that the Hb concentranon was measured
Cross-match requests for elecuve surgical cases were immeduately before starting  a wanstusion and docu-
based on the published maximum  blood-ordering mented on the anaesthetic chart. To faclitate patent
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Advice

was given on tansfusion thresholds, but there was no

Sweden) were placed in the operaung theatres

tormal policing of comphance with the guidelines. As
new medical saft joined the department, guidehnes
were reinforced. In 1998, we repeated the audit. agamn
over a 3-month period. We deaided o speatically
target 1- and 2-unit transtusions tor scruuny, as they
represented the majority of transtusions and would be
the group most likely to alter as a result of changes n
This

potential for unnecessary transtusion. The Student’s

transfusion  practice. group had the greatest

test was used for statistical analvsis of data. Summary

statistics  are and standard  deviatons

().

gIVen  as means

Results

In 1996, there were 1771 elecuve surgical paunents during the
3-month period. Seventeen per cent of these patents had
been cross-matched (n = 301) and a total of 96 patients (32%))
received a wansfusion. Two-thirds of all manstusions com-
prised 2 umts (n = 63). In the second audit. there were 1783
clectve surgical cases of which 308 cases were cross-matched.
Surgical case nux was similar for the audus (Fig. 2).

There was a decrease 1n transtusions 1993 compared
with 1996, with only 18% ot cross-matched panents
receiving a transfusion (n = 36). This reductuon was due
almost entrely to fewer 2-umit transtusions (1= 23:

Fig. 3). The number of three or more unit transfusions

1996
n =67

Weight; kg 645 (14)
Pre-operative Hb; g.dl ' 12.0 (2.27)
EBV, ml 4514 (1017)
EBL; mi 609 (374)
Blood loss as percentage of EBV 135 (7.9)
Estimated decrease in Hb as a result 1.66 (1.04)
of blood loss; g.dl

Haemoglobin balance following surgical blood
loss and blood transfusion; g.dl ' +0.42 (1.3)
Estimated Hb after peri-operative 124 (1.8)
transfusion episode; g.dl '

Positive

Table 1 Pauent demographics and details ot

1998 intra-operauve blood loss and haemoglobin
n =26 balance tollowing one and two unit red cell
transfusions. All values are shown as mean
69.9 (13) (S1)
11.6 (1.90)

4895 (995)

1317 (644)*
27.8 (14.7)*
3.18 (1.90)*

Negative
1.21 (1.7)*
99 (2.4)*

‘p < 0.01
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Table 2 Comparison of cross-match to transfusion ratios

Procedure 1996 1998
All surgical procedures 29 33
(elective and emergency)

Craniotomy 48 6.0
Total hip replacement 34 34
Total knee replacement 34 4.8
Transurethral prostatectomy 28 33
Total abdominal hysterectomy 4.7 9.0

remained similar in both periods. Only two patients who
had not 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
transtusions represented 66% 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 (EBL) 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 peri-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.dl™". 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 ™' t0 9.9 (2.4) g.dl™" (p < 0.01).

Survey of attitudes to transfusion

There was little change in attitude within the anaesthetic
department berween 1996 and 1998 concerning the Hb
concentration (8-9 g.dl™") perceived as acceptable in a
healthy adule. Also, there was no change in attitude to 1-unit
transtusions, with 70% of the departmentindicating that they
felt that a 1-unit transtusion was never justified. In both

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

Financial Contract Actually Difference

year target (£) used (£) %
1996/97 20 000 20 059 + 59 +03%
1998/99 20 964* 18 764 ~- 2200 - 10.5%

*Small increase in target to accommodate expansion of existing
services and new surgical developments.
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surveys, 80% indicated that 1 unit of packed red cells would
increase the Hb in an average adult by = 1 g.dI™'; however,
20% incorrectly thought the Hb would increase by only
0.5 g.dl ™", There was a much greater inclination to measure
the patient’s Hb before starting a red-cell transtusion in 1998
(80 vs. 40%). Also, there were clear differences in “transtusion
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 loss was considered equally importantin both
surveys as a transfusion trigger (Fig. 4).

Transfusion to cross-match ratios and financial data
Darta from the blood bank demonstrated that transtusion
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 £55.500, 10% of the budget. This was equivalent to
22(¥) units of red blood cells (Table 3).

Discussion

Our results demonstrate a significant change in transfusion
practice, with a reduction in the tol number of
transfusions  administered peri-operatively over the two
periods studied. In 1996, 32% of cross-matched 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 estimated
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
(transtusion o cross-match ratio 5.5). which was due
almost entirely to a reduction in 2-unit transfusions. The
triggers for transfusion appeared to be more appropriate as
the mean estimated Hb following transfusion was sig-
nificantly lower than in 1996 (9.9 g.dl” Y. This ditference
may be explined in part by clinicians adopting a more
cautious approach to red-cell transfusion. However, the
results of the survey of transtusion practice show that there
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was litde change in the perceived acceptable Hb level (8-
9 g.dl™"). The audited changes would appear to be related
to the more frequent measurement of the patients Hb
before saarting a red-cell transfusion.

However, in order to modify peri-operative transfusion
practice, point of care testing is essential [19]. Acquiring
laboratory results can take in excess of 60 min and so are
of little value in the acute situation. The HemoCue®
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 allows
mansfusion decisions to be 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 [10]. The indicatons for
transfusion should always be documented as this has been
shown to improve compliance with guidelines for red-cell
transtusion and reduce the number of transfusions given
[21]. 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 rtarget Hb. Where quality
improvement programmes for red-cell transfusion are
implemented, it is common to find that the use of
single-unit transfusions increases significantly. One institu-
tion recently reported that single-unit transtusions now
represent 77% of all transfusion episodes [22].

Transfusion to cross-match figures from the blood bank
showed a less impressive reduction when compared with the
data for peri-operative transfusions. Transfusion to cross-
match ratios are based on transfusions for the entire inpagent
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 ot
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 an important component of the
strategies available to reduce the use of allogeneic blood
[23. 24|. Autologous transtusion methods (pre-operative
deposit, isovolaemic 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 rarget Hb thresholds for
red cell transtusion has a significant effect on the use of
allogencic blood without compromising patient outcome
[11, 25-27]. However, our results, and also chose from
other centres [7. 8. 28], show that it is sull fairly common
practice for surgical patients to be transfused to Hb levels
> 10 g.dl”™". There 1s no evidence in patients undergoing
elective surgery that this practice reduces morbidity or
mortality [29. 30]. or that moderate degrees of anaemia
(8=10 g.dI™") are necessarily harmful as long as normo-
volaemia is maintained [31. 32]. Indeed, transtusion of
allogeneic red cells mav be independently associated with
longer hospital stavs. an increased incidence of post-
operative infection and higher hospital costs [27. 33].

This study demonstrates that it is possible to change
clinical practice chrough audit and the use of simple
transfusion guidelines. achieving significant reductons in
the amount of allogencic blood transfused in elective surgical
patients. The eliminaton of unnecessary red-cell transfusion
has many potenual advantages in terms of patient safery.
provides economic benefits for the institution concerned and
reduces demand for a scarce and precious resource.
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