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abstract
introduction  Open radical retropubic prostatectomy (RRP) has an average blood loss of over 1,000ml. This has been re-
ported even from high volume centres of excellence.1–4 We have looked at the clinical and financial benefits of using intraop-
erative cell salvage (ICS) as a method of reducing the autologous blood transfusion requirements for our RRP patients.
materials and methods  Group A comprised 25 consecutive patients who underwent RRP immediately prior to the acquisi-
tion of a cell saver machine. Group B consisted of the next 25 consecutive patients undergoing surgery using the Dideco Electa 
(Sorin Group, Italy) cell saver machine. Blood transfusion costs for both groups were calculated and compared.
results  The mean postoperative haemoglobin was similar in both groups (11.1gm/dl in Group A and 11.4gm/dl in Group 
B). All Group B patients received autologous blood (average 506ml, range: 103–1,023ml). In addition, 5 patients (20%) in 
Group B received a group total of 16 units (average 0.6 units) of homologous blood. For Group A the total cost of transfusing 
the 69 units of homologous blood was estimated as £9,315, based on a per blood unit cost of £135. This cost did not include 
consumables or nursing costs.
conclusions  We found no evidence that autologous transfusions increased the risk of early biochemical relapse or of disease 
dissemination. ICS reduced our dependence on donated homologous blood.

Open radical retropubic prostatectomy (RRP) has long been 
considered a gold standard surgical treatment for local-
ised prostate cancer. The treatment of choice is now mov-
ing in favour of the minimally invasive alternatives such as 
laparoscopic and robotically assisted radical prostatectomy. 
Open surgery has been associated with considerable blood 
loss. Average blood loss of over 1,000ml has been reported 
even from high volume centres of excellence.1-4 As a con-
sequence, donated homologous blood transfusion (HBT) 
is frequently required. This is associated with significant 
risks, including allergic reactions and the transmission of 
blood borne infections.5 Concern has also been raised about 
the immunologic effect of homologous transfusions as well 
as the risk of cancer recurrence.6

Various methods such as preoperative blood donation, 
preoperative erythropoietin injections, acute normovolae-
mic haemodilution (ANH) and intraoperative cell salvage 

(ICS) are used to compensate for blood loss and to avoid 
the need for allogenic blood transfusion (ABT). Despite the 
fact that autologous blood abolishes the risk of alloimmu-
nisation, transfusion reactions and the transmission of in-
fections, it has not found universal favour for clinical and 
practical reasons. The drawbacks and benefits of these dif-
ferent modalities have been the subject of much discussion. 
Although ICS has been shown to significantly reduce the 
amount of ABT reactions, the risk of disseminating cancer 
cells has been a theoretical concern.7 Studies have, howev-
er, demonstrated that ICS does not adversely affect the long 
term outcomes of patients undergoing uro-oncologic sur-
gery. There is no evidence to support the concern about the 
theoretical risk of cancer dissemination.7–9 We have looked 
at the clinical and financial benefits of using ICS as a meth-
od of reducing the ABT requirements for our RRP patients.
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Our study has shown face, content and construct validity
of the SEP Robotic simulator for two specific tasks. Data
revealed that the simulator can discriminate novices from
experts. For each task, mean procedure time defined skill
levels, with experts taking significantly less time than
novices. Moreover, the experts showed fewer errors com-
pared with novices in the two tasks and in addition
decreased tendency to use unnecessary movements.

There is, however, room for improvement. The tasks
assessed here are generic rather than specific to complex
procedures such as robotic-assisted radical prostatectomy
or robotic hysterectomy. As VR robotic simulators improve,
it is expected that they will become more procedure specif-
ic. The da Vinci Si system has the ability to be linked with
the MIMIC VR robotic simulator21 across a computerised
interface and is a precursor to more detailed procedural
tasks. This new system was unveiled at the World Robotics
Symposium in Florida in 2010. Likewise, the RoSS simulator
(Roswell Park, NY, USA) provides a new platform for prac-
tising robotic surgery22 without causing harm to patients.

Our results in 30 participants need to be validated in
larger participant groups. While these early results are
encouraging, it remains to be seen as to whether this simu-
lator can achieve predictive validity in a randomised trial.

The findings of this study contribute to the underlying
knowledge of how simulators can support surgical training
and suggest optimal prospective measures for incorporat-
ing the SEP robot into surgical training curricula. It is now
an important part of robotic training within the Simulation
and Technology Enhanced Learning Initiative (STeLi) of the
London Deanery.

Conclusions

The SEP robotic simulator has demonstrated face, content
and construct validity as a VR simulator for robotic surgery.
With steady increase in adoption of robotic surgery world-
wide, this simulator may prove to be a valuable adjunct to
clinical mentorship.
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Patients and Methods
The study involved 50 consecutive patients undergoing 
open RRP for localised prostate cancer. Patients were di-
vided into two groups. Group A comprised 25 consecutive 
patients who underwent RRP immediately prior to the ac-
quisition of a cell saver machine; Group B consisted of the 
next 25 consecutive patients undergoing surgery using the 
cell saver machine. All procedures were performed by one 
of two surgeons (SV and GS) using a similar open RRP tech-
nique in both groups.

Patients in Group A received HBTs when indicated. 
Requirement was assessed based on perioperative hae-
moglobin, intraoperative blood loss and clinical vital sign 
assessments including heart rate and blood pressure meas-
urements. Intraoperatively, the decision to transfuse homol-
ogous blood was taken considering a combination of factors 
that included the amount of intraoperative blood loss, an-
ticipated future blood loss, haemodynamic parameters and 
intraoperative spot haemoglobin level measurements using 
a HemoCue® optical haemoglobinometer. In the postopera-
tive period, haemoglobin levels were assessed from routine 
laboratory assay measurements.

Patients in Group B had their intraoperative blood loss 
suction recovered and processed through a Dideco Electa 
(Sorin Group, Italy) red blood cell salvage machine. Sa-
line washing and centrifugation was used in the standard 
processing of the recovered blood. Processed blood was 
deposited in blood storage bags for subsequent transfu-
sion. The processed, packed red cells were transfused back 
to the patient using an in-line LeukoGuard® RS leukocyte 
filter (Pall Corporation, Port Washington, US). All patients 
in Group B received their own salvaged processed blood, 
irrespective of the volume of blood lost or processed. In 
addition, they also received homologous blood if required, 
based on the same clinical parameters as for transfusion  
in Group A.

A postoperative haemoglobin of less than 9gm/dl was 
the threshold for HBT in both groups.

Preoperative and second postoperative day haemoglobin 
values were recorded for both groups. Cross-matched and 
HBT rates were also assessed. Prostate specific antigen 
(PSA) levels were measured 6 weeks postoperatively and 
at the routine 3-month follow up. Biochemical evidence of 
relapse, secondary procedures and the need for hormone 
therapy were compared between the two groups. Statistical 
analysis was performed using the Pearson’s chi-square test. 
Blood transfusion costs for both groups were calculated and 
compared.

Results
The mean age of patients in Group A was 62.5 years (range: 
48–73 years) and for Group B it was 59.2 years (range: 47–68 
years) (p= 0.055). The mean postoperative haemoglobin was 
similar in both groups (11.1gm/dl in Group A and 11.4gm/
dl in Group B). The mean preoperative and postoperative 
haemoglobin of both groups is detailed in Table 1.

For 6 patients in Group A, the decision to give homolo-
gous blood was taken intraoperatively. 10 patients in Group 
A had transfusions in the intraoperative and immediate 
postoperative period on day 0. One patient had homologous 
blood transfused on postoperative days 1 and 2. The main 
indication for these transfusions was intraoperative blood 
loss, which was significant enough to cause haemodynamic 
compromise.

In Group B, the 5 patients who received additional ho-
mologous blood were transfused on postoperative days 1 
and 2 due to significant intraoperative loss and a postopera-
tive haemoglobin drop to <9gm/dl.

There was an inter-operator difference noted in the rate 
of transfusions in both of the groups but it was not statisti-
cally significant (Table 1).

TABLE 1  The comparative values of haemoglobin, haematocrit and transfusion rate in Group A and B

Group A Group B p 
value

Haemoglobin
(gm/dl and range)

Preoperative 14.8 (11.3–16.9) 15.4 (12.8–18.4) 0.410

2nd Post- 
operative day

11.1 (9.2–12.5) 11.4 (9.2–13.5) 0.188

Homologous blood transfused (units and mean) 69 (2.8) 16 (0.6)

Surgeon 1 Number of  
patients

14 11

Blood units  
transfused

32 10

Surgeon 2 Number of  
patients

11 14

Blood units  
transfused

37 6
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In Group A, 18 (72%) patients received a total of 69 units 
of homologous blood (average 2.8 units) in the periopera-
tive period. The majority of the blood transfusions were in-
traoperative based on the assessment of the haemodynamic 
parameters. HBTs only on the first and second postoperative 
days were included in the data. All Group B patients received 
autologous blood (average 506ml, range: 103–1,023ml). In 
addition, 5 (20%) patients in Group B received a group total 
of 16 units (average 0.6 units) of homologous blood.

For Group A, the total cost of transfusing the 69 units of 
homologous blood was estimated as £9,315, based on a per 
blood unit cost of £135. This cost did not include consuma-
bles or nursing costs. For Group B, the cell salvage machine 
consumables, leukocyte filters, irrigation fluid and antico-
agulants costs amounted to £77 per case. The total cost for 
Group B, including the 16 units of homologous blood used, 
was £4,085. The £4,200 purchase cost of the cell saver ma-
chine was recovered after just 20 cases.

The average length of hospital stay for Group A was 7 
days (range: 4–17) and for Group B it was 5 days (range: 
4–13) (p=0.0091). There were early biochemical relapses in 
both groups. PSA relapse was defined as a PSA of ≥0.2ng/
ml on postoperative testing. The PSA results, Gleason score, 
staging and follow up of patients in both the groups are 
summarised in Table 2.

Discussion
Quoted blood loss for open RRP, even from high volume 
centres, has ranged from 300ml to 7,700ml and transfusion 
rates from 3.4% to 89%.1–4,10,11 A better understanding of the 
pelvic anatomy and improved surgical technique has more 

recently lead to a significant decline in blood loss as low 
as 260ml and HBT requirements.2,3,12 Nevertheless, in many 
centres blood loss is still significant and often requires in-
tervention in the form of HBT. This has lead to the search for 
more effective alternatives to HBT. Options include transfu-
sion of pre-deposited autologous blood donation (PAB), ANH 
and ICS. However, each has its benefits and drawbacks.

Pre-deposited autologous blood donation
PAB became a popular alternative to allogenic transfusion 
after the American Medical Association Council on Scientif-
ic Affairs considered it be safe.13 However, not only is it time 
consuming and time constrained, it is also inconvenient for 
the patient. More importantly, studies have shown that it is 
associated with a blood discard rate of 31.5%, particular-
ly since PAB blood can only be stored for a maximum of 5 
weeks.14 The use of PAB also fails to completely avoid the 
need for ABT. PAB is reported to be associated with ischae-
mic events and a higher risk of adverse reactions requiring 
hospitalisation.15 It is also linked to the risk of bacterial con-
tamination from skin commensals at the time of collection. 
As with all stored blood products, PAB must undergo micro-
biology investigations.13 A significant number of patients 
undergoing RRP avoided HBT by either autologous blood 
transfusion and/or haemodilution and it was concluded that 
PAB is a financially more efficient autologous blood man-
agement option.16,17

Acute normovolaemic haemodilution
ANH has been used with considerable success to reduce 
HBTs. It has been shown to be cost effective. Since the 
blood transfused is autologous, the documented risk of 

TABLE 2  Gleason scores, staging and follow up in Group A and B

Group A Group B

Gleason scores (postoperative)

Gleason <7 5 (20%) 0 (0%)

Gleason ≥7 20 (80%) 25 (100%)

Pathological staging

T2 20 (80%) 20 (80%)

T3 5 (20%) 5 (20%)

Postoperative PSA

≤0.1 21 (84%) 24 (96%)

≤0.1 21 (84%) 1 (4%)

Follow up duration in months (range) 51 (24–80) 23 (1–35)

PSA relapse on subsequent follow up 
(≥0.2ng/ml)

No 21 (84%) 24 (96%)

Yes 4 (16%) 1 (4%)
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homologous blood-borne infections is eliminated. Clini-
cally, patients tolerate ANH quite well; however, Monk 
et al demonstrated that the decrease in the arterial blood 
pressure was due to the anaemia produced by haemodilu-
tion.18,19 Published blood transfusion guidelines recommend 
that, although extreme haemodilution is more efficacious, 
it should be restricted to relatively healthy patients with a 
low risk of ischaemic heart disease.20 ANH has been shown 
in these studies to be a safe and effective method of blood  
conservation.

Intraoperative cell salvage
ICS has been shown to be clinically effective in replacing 
circulating volume and in maintaining tissue oxygenation 
by Gray et al.9 The estimated blood loss was not significantly 
different between groups; however, homologous transfu-
sion requirements were significantly less in the ICS group. 
ICS use also resulted in a higher postoperative haematocrit.

Although red cell salvage has been in routine use for 
non-cancer based surgery for quite some time, concerns re-
garding the theoretical risk of cancer dissemination have 
limited its use during cancer surgery. A number of authors 
have looked at this specific safety issue. It has been reported 
that cell saver use did not increase the risk of haematoge-
nous metastases and also did not adversely affect the 5-year 
survival or prognosis of patients who underwent uro-onco-
logical surgery.21,22

Studies have looked into the possible relationship be-
tween the use of cell saver and biochemical relapse of pros-
tate cancer following RRP. Three separate studies conducted 
by Nieder et al,7 Gray et al9 and Davis et al23 have assessed 
the difference in the biochemical recurrence rate in pa-
tients who had RRP with and without the use of cell saver. 
Biochemical relapses were noted in all three studies but the 
relapse rates within the groups were not significantly dif-
ferent. The 3-year disease-specific survival rate reported by 
Nieder et al was 72.2% and 73.0% in the ICS and non-ICS 
group respectively.7 Gray et al found no difference in the 
incidence of progression-free survival with the use of ICS 
(p=0.41).9 Davies et al reported that patients receiving ICS 
blood were less likely to develop a recurrence than those re-
ceiving autologous blood (odds ratio 0.81; 95% CI 0.33–2.00) 
or group 3 (odds ratio 0.66; 95% CI 0.21–2.08).23

Stoffel et al used a reverse transcription polymerase 
chain reaction assay for PSA mRNA to detect prostate cells 
in the cell-savaged and peripheral blood samples of patients 
during and following radical prostatectomy.24 Although PSA 
expressing cells were found in the ICS blood of the majority 
of patients, they could not detect it in the peripheral circula-
tion of any patients 3–5 weeks postoperatively with no bio-
chemical failures.

Leukocyte depletion filters are routinely used for the 
re-transfusion of the processed autologous blood and mark-
edly reduce the risk of re-instilling viable tumour cells from 
ICS salvaged blood in patients undergoing uro-oncologic  
surgery.25,26

There are a number of limitations in our study. Apart 
from a small cohort of non-randomised patients, our HBT 
rates for patients in the Group A were comparatively high. 

We believe that this was due to our practice of transfusing at 
the higher haemoglobin threshold of 9g/dL rather than the 
recommended UK level of 7g/dL.27 ICS did, however, signifi-
cantly reduce perioperative HBTs.

The unexpected finding of a shorter hospital stay in 
Group B was probably attributable to the fact that circulat-
ing volume and haemoglobin levels were better maintained 
at near optimal levels throughout the perioperative period, 
while for patients in Group A homologous transfusions were 
given more slowly on a catch-up basis throughout surgery 
and as required over postoperative days 1 to 2. The capital 
payback time for the purchase of a cell salvage machine is 
20 cases, making it a very cost effective tool for radical pros-
tatectomy blood loss replacement.

Conclusions
The use of ICS during RPP resulted in a significant decrease 
in the need for HBT. We found no evidence that autologous 
transfusions increased the risk of early biochemical relapse 
or of disease dissemination. ICS reduced our dependence 
on donated homologous blood. The cost benefits of ICS 
make this technique economically efficient, clinically effec-
tive and an attractive alternative to other methods of trans-
fusion for open radical prostatectomy surgery.
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