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Clinical efficacy and cost effectiveness of
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ABSTRACT

INTRODUCTION  Pelvic acetabular injuries are associated with significant blood loss. This is compounded by multiple surgi-
cal interventions including definitive fracture fixation, which put patients at further risk of postoperative transfusion. We use
intraoperative cell salvage routinely as a blood conservation strategy to address this issue. This is a prospective evaluation of
the clinical efficacy and cost effectiveness of using intraoperative cell salvage in patients with pelvic acetabular injuries.
METHODS Data were collected prospectively for all the patients who underwent pelvic acetabular fracture fixation at our
institution. A total of 30 patients (25 men, 5 women) with a mean age of 41 years (range: 31-79 years) were assessed over a
period of 10 months.

RESULTS The mean preoperative and postoperative haemoglobin levels were 11.8g/dl and 9.9g/dl| respectively. The mean in-
traoperative blood loss was 1,232.5ml (range: 150-2,693ml). The mean amount of blood salvaged and retransfused through a
cell saver was 388ml. Of the 30 patients, 14 (47%) required transfusion after surgery and 26 units of blood were transfused.

acetabular injuries.

In terms of cost effectiveness, a total of £2,572 in 30 patients or £86 per patient were saved.
CONCLUSIONS  We found intraoperative cell salvage to be clinically efficacious and cost effective in patients with pelvic
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Pelvic fractures account for 3-6% of all fractures in adults
and about 20% are associated with multiple trauma.' The
majority of these patients require several surgical interven-
tions along with pelvic fracture fixation.? As a result, surgery
in these patients is associated with significant perioperative
blood loss and significant risk of postoperative transfusion.’

The British Committee for Standards in Haematology
has recommended several blood conservation strategies to
reduce intraoperative blood loss and subsequent require-
ment of postoperative transfusion in patients undergoing
major surgery.* These include normovolaemic haemodilu-
tion and autologous transfusion.>% Use of intraoperative cell
salvage is well documented in major cardiothoracic, spinal,
vascular and elective orthopaedic surgery.” However, its use
and efficacy in pelvic acetabular trauma surgery has not yet
been fully established.

We have introduced intraoperative cell salvage in pelvic
surgery as part of our standard blood conservation strategy.
This strategy takes into account several factors including
the ability to use patients’ own blood, immediate availability,
relative safety and ease of application. The aim of this study
was to assess the clinical efficacy in terms of amount of
blood salvaged intraoperatively and reduction of postopera-
tive transfusion with use of cell salvage in patients undergo-

ing major pelvic trauma surgery. The cost effectiveness of
using a cell saver in this patient group was also assessed.

Methods

This was an observational study carried out over a period
of ten months. As a departmental policy, intraoperative cell
salvage was used in all the patients admitted to the unit in
whom significant intraoperative blood loss was anticipated.
These were patients with type C (Tile’s classification) pelvic
ring injuries,® patients with acetabular fractures or fracture
dislocations and patients with both pelvic ring injuries and
acetabular fractures requiring surgical fixation. Patients
with contaminated/open pelvic acetabular fractures were
excluded owing to the risk of transmission of infection, as
were those for whom the anticipated intraoperative blood
loss was not significant (such as patients with open book/
type B pelvic ring injuries) and those in whom external fixa-
tion was used as a definitive method of fixation.?

Being a regional pelvic trauma unit, the majority of
these patients were transferred from the base hospitals
where they were initially admitted and treated. This also
comprises any interim surgical/orthopaedic procedures in-
cluding treatment of other injuries. Once stabilised, these
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Fracture type Frequency
Pelvic ring injury (type C) 9 (30%)
Acetabular fracture 21 (70%)

Both columns fractures 5(17%)

Fracture dislocation 16 (53%)

Mean Standard Range
deviation

Preoperative 11.8g/dl 2.0g/dl 8.1-15.0g/dl
haemoglobin
Postoperative 9.9¢/dI 1.3g/dl 7-13g/dl
haemoglobin
Intraoperative 1,232.5ml 815.5ml 150-2,693ml
blood loss
Blood salvaged 388ml 270ml 101-1,231ml
intraoperatively

patients were transferred to our unit for definitive pelvic
fracture fixation.

All the type B fractures were fixed with open anterior
double plating using a Pfannenstiel incision with the patient
in the supine position. In patients with type C fractures,
initially, anterior fixation was carried out using the above
method. This was followed by turning the patient prone for
posterior sacral fixation. Some cases were not suitable for
anterior plating and in these patients posterior sacral plat-
ing was initially carried out, followed by anterior fixation
using external fixators. These were left in situ for 10-12
weeks and were removed as a day-case procedure. Acetab-
ular fractures were either fixed with a traditional Kocher—
Langenbeck approach with the patient in the lateral posi-
tion or using an ilioinguinal approach with the patient in the
supine position, depending on the fracture type.

A ‘transfusion nurse’, who was also in charge of man-
aging the cell salvage service in the trust, collected all the
data in these patients prospectively including the number of
units transfused postoperatively. This was also confirmed by
the electronic database from the trust’s blood bank.

Haemoglobin levels were routinely checked preopera-
tively, on postoperative days 1 and 3 and following the trans-
fusion. Intraoperative blood loss was calculated by adding
the amount of blood salvaged and weighing the swabs used
during the surgery. This was further verified by the theatre
staff and anaesthetic records. No data were available with
regard to any blood transfusion the patients might have had
in the transferring base hospital. All patients were followed
up until the time of discharge.

The current postoperative hospital transfusion policy is
to transfuse in patients with two of the following three pa-
rameters: (i) haemodynamic compromise, (ii) symptomatic

358 Ann R Coll Surg Engl 2013; 95: 357-360

60
50
2
f=
-_.q—_,’ 40
©
o
‘.6 301
(]
oo
[
E 20
[1]
o
5]
0. 10
Y T T T T
0 1 2 4
Units of blood transfused postoperatively
Figure 1  Units of allogenic blood transfused postoperatively

anaemia secondary to blood loss or (iii) patients with a post-
operative haemoglobin value of less than 8.0g/dl. Based on
the intraoperative blood loss, the expected transfusion re-
quirement was calculated for every patient. This was com-
pared against the actual number of units of blood transfused
to give an estimate of units of blood saved from transfusion.
The direct cost of transfusing one unit of blood was com-
pared against the direct cost of running the cell saver per
patient for cost analysis purposes. SPSS® version 17 (SPSS,
Chicago, IL, US) was used for all statistical analysis.

Results

A total of 49 patients (39 men and 10 women) were admitted
to the pelvic trauma unit during the study period. Of these,
30 patients (25 men and 5 women) with a mean age of 41
years (range: 31-79 years) required intraoperative cell sal-
vage. Of the 19 patients excluded, 15 patients had anterior
pubic symphyseal double plating through a single anterior
approach, 2 patients required external fixation only, 3 pa-
tients had posterior sacral plating and 1 patient was treated
non-operatively.

Table 1 illustrates the frequency and distribution of the
fracture type in the cell salvage group while Table 2 shows
the mean preoperative and day 1 postoperative haemoglob-
in levels, the amount of blood salvaged per patient intraop-
eratively and the expected intraoperative blood loss. All the
blood salvaged intraoperatively was reinfused in the imme-
diate postoperative period.

Postoperative transfusion
Fourteen patients (47%) required postoperative transfu-
sion and a total of twenty-six units of blood were transfused
postoperatively. None of the patients required any intraop-
erative transfusion. Figure 1 illustrates the frequency of the
units of allogeneic blood transfused postoperatively.

As noted in Table 2, the mean intraoperative blood loss
was 1,232.5ml, which would lead to a drop in haemoglobin
value of 5g/dl. The expected drop in postoperative haemo-
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globin as compared with the preoperative level would there-
fore have been 6.8g/dl (11.8g/dl - 5g/dl = 6.8g/dl). Based on
the current hospital transfusion policies, this could mean
transfusing 2 units (1 unit = 250ml) of allogeneic blood per
patient or 60 units in total. However, as noted above, only 26
units of blood were transfused.

There were no complications or side effects secondary
to the use of the cell saver.

Statistical analysis

A bivariate parametric correlation analysis (using the Pear-
son correlation coefficient) between the amount of blood
salvaged intraoperatively and the amount of blood trans-
fused postoperatively revealed a significant inverse correla-
tion of 0.42 (p=0.02) with a moderate effect size.

Cost analysis

The initial cost to purchase the cell saver was £12,000 and it
was used routinely for elective or emergency vascular sur-
gery such as repair of ruptured abdominal aortic aneurism
along with major revision arthroplasty surgery prior to its
use in pelvic trauma surgery. As per the manufacturer, the
machine could repay its installation cost after 7,000 cycles.
Staff training was provided for free by the manufacturer. At
the time of commencement of this study, the cell saver had
generated savings covering its installation cost.

The direct cost of one unit of allogeneic blood as deter-
mined by the hospital’s finances department is £135 while
the average cost of running one cycle of cell salvage per
procedure is £65. As 34 units of blood were saved from being
transfused using intraoperative cell salvage, this roughly
equates to a total of £2,572 or £86 per patient. It should be
noted that we did not include the indirect costs incurred (eg
salary of transfusion nurse, cost of regular maintenance of
the cell saver, cost for cross-matching).

Discussion

Allogeneic blood transfusion is potentially associated with
significant hazards such as transfusion reactions,’!' trans-
mission of blood borne infections'*'> and delayed wound
healing. Although the majority of these complications are his-
torical, some can be life threatening.!'®'® These risks, together
with the cost for collection, storage and processing of donor
blood, have led to alternative methods of blood conservation.

Cell salvage and autotransfusion has been described for
more than 40 years as a way to reduce intraoperative blood
loss.' It has been used mainly in open heart surgery, vas-
cular surgery, transplantation surgery, elective orthopaedic
surgery, ruptured ectopic pregnancy and some neurosurgi-
cal procedures.®” The current literature regarding the role
of cell salvage in orthopaedics is limited to adult limb recon-
struction including major revision arthroplasty and spinal
surgery.”!1:20-2255 Seyeral authors have reported favourable
outcomes using an intraoperative cell saver.

In a systematic review from 2010, the authors justified
the use of a cell saver in elective orthopaedic surgery based
on the finding of a 55% reduction in relative risk of postop-
erative transfusion using cell salvage.” Zarin et al reported a

net decrease in perioperative blood loss in revision surgery
using cell salvage.** Furthermore, Bridgens et al reported a
significant reduction in postoperative transfusion with the
use of cell salvage.? Savvidou et al not only found the cell
saver to be clinically effective in reducing blood loss but also
cost effective when used for posterior lumbar fusion.?

Contrary to the above mentioned studies, Gause et al did
not find such favourable results and reported a significantly
increased blood loss and an increased number of postopera-
tive blood transfusions when cell salvage was used in lum-
bar spinal fusions.?! Scannell et al reported similar results,
along with significantly increased blood-related charges
when a cell saver was used in the treatment of acetabular
fractures.® Although the cause of this paradoxical increase
was unclear, in both case series, the authors suggested it
was due to the increased likelihood of using a cell saver in
complex cases where increased blood loss was anticipated.

In our study, a statistically significant inverse relation-
ship was noted between the amount of intraoperative cell
salvage and postoperative blood transfusion (Pearson’s cor-
relation coefficient 0.42, p=0.02). Similarly, considering the
nature of the injury and the complexity of the surgical pro-
cedure undertaken after using the intraoperative cell saver,
an average of only two units of blood (500ml) were trans-
fused postoperatively, proving it to be clinically efficacious.
Furthermore, this study shows that the use of cell salvage is
also cost effective, with average savings of £87 per patient.

Our study was limited by the lack of a control group
and so a direct comparison was not possible. In addition, a
relatively small sample size precluded analysing the effect
of different patient-related preoperative variables on the
postoperative outcome of blood transfusion. To account for
this, a long-term study with a larger sample size is planned.
Lastly, despite an anticipated significant loss in postopera-
tive haemoglobin values, not all the patients would have re-
quired postoperative transfusion.

Conclusions

Patients with pelvic acetabular injuries are at higher risk
of anaemia secondary to blood loss owing to the nature of
the injury, the vascularity of the pelvis and the increased
number of surgical interventions. This is compounded by
lengthy surgical procedures and the extended exposures
required for definitive pelvic fracture fixation. Implementa-
tion of alternatives for intraoperative blood conservation is
therefore imperative in these patients. We found intraopera-
tive cell salvage to be a clinically efficacious and cost effec-
tive means to achieve this.
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