
Asian Journal of Urology (2019) 6, 346e352
Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.elsevier.com/locate/ajur
Original Article
The impact of intra-operative cell salvage
during open nephrectomy

Ned Kinnear a,*, Lina Hua a, Bridget Heijkoop a,
Derek Hennessey b, Daniel Spernat a
a Department of Urology, The Queen Elizabeth Hospital, Adelaide, Australia
b Department of Urology, Craigavon Area Hospital, Portadown, UK
Received 24 December 2017; received in revised form 23 February 2018; accepted 13 April 2018
Available online 27 June 2018
KEYWORDS
Nephrectomy;
Cell salvage;
Autologous;
Transfusion;
Blood;
Cost
* Corresponding author.
E-mail address: ned.kinnear@gmai
Peer review under responsibility o

https://doi.org/10.1016/j.ajur.2018.0
2214-3882/ª 2018 Editorial Office of A
the CC BY-NC-ND license (http://crea
Abstract Objective: To assess the impact of intra-operative cell salvage on outcomes in open
nephrectomy.
Methods: A retrospective cohort study was performed of all patients undergoing open nephrec-
tomy for suspected malignancy from 1 October 2013 to 1 October 2017. Patients were grouped
and compared based on whether they received intra-operative cell salvage (ICS). Primary out-
comes were allogeneic transfusion rates (ATRs), and if histology confirmed cancer, disease
recurrence. Secondary outcomes were complications and transfusion-related cost.
Results: Forty patients underwent open nephrectomy for suspected malignancy during the en-
rolment period. Sixteen patients received ICS while 24 did not (standard group). Compared
with the standard group, ICS patients had similar median age (63.5 vs. 61.0 years; p Z 0.83)
but fewer females (19% vs. 58%; p Z 0.013). The groups were similar in pre-operative and
discharge haemoglobin, Charlson Comorbidity Index, length of hospital stay and proportion
with thoracoabdominal surgical approach. The ICS group had a smaller proportion undergoing
partial nephrectomy (19% vs. 54%; p Z 0.025) and shorter median follow-up (278 vs. 827 days;
p Z 0.0005). Histology was malignant for 14 ICS and 15 standard patients. The ICS group had
more frequent �T2 disease (79% vs. 27%; p Z 0.005). There were no positive margins. Both
groups had similar ATRs (6% vs. 4%; p Z 0.96), complication rates (19% vs. 29%; p Z 0.46)
and recurrence rates (18% vs. 7%; p Z 0.40). Transfusion costs were higher amongst ICS pa-
tients (AUD $878.18 vs. $49.65 per patient).
Conclusion: ICS appears safe, with low rates of recurrence and complication. Both groups had
low ATRs, and therefore cost benefit for ICS was not seen.
ª 2018 Editorial Office of Asian Journal of Urology. Production and hosting by Elsevier B.V. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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1. Introduction

Renal cancer is the second most prevalent urological ma-
lignancy, with 338 000 new diagnoses worldwide in 2012 [1]
and worsening cancer-specific mortality [2]. Nephrectomy
is the most common treatment, and intra-operative hae-
morrhage remains a challenge. Even in high volume tertiary
centres, allogeneic transfusion rates (ATRs) of 5%e30%
[3e6] and 18%e45% [3,5,7] are reported for open partial
and radical nephrectomy, respectively.

The development of well run blood banks have made
allogeneic transfusion frequent in Western nations, with 14
million and 1.8 million units of red blood cells (RBCs)
transfused annually in the USA and UK, respectively [8,9].
However, allogeneic transfusion has key issues of morbidity,
cost, supply and poorer oncological outcomes. Transfusion-
related acute lung injury, transfusion reactions, fluid
overload and clerical error are familiar complications,
contributing to an overall adverse event risk of 77 per
100 000 transfusions and death in 1 per 100 000 [8]. While
rare at less than 1 per 1 million transfused RBC units,
documented transfusion-transmitted infections (TTIs),
bacterial and viral, still occur annually [8e10]. Blood is a
perishable resource dependent on constant donations, and
supply shortages are well known [11]. Transfusion is also
expensive, with the administration of a single RBC unit
costing approximately US Dollars (USD) $1000 in Australia
and the USA and USD $600 in Western Europe [12,13].
Furthermore, a meta-analysis of patients undergoing ne-
phrectomy has associated allogeneic transfusion with
higher cancer specific mortality [14]. The mechanisms
involved are unclear, but may involve transfusion mediated
immunomodulation [15].

These concerns have encouraged methods to decrease
ATRs. Fortunately, the modern urologist has a range of
blood conservation techniques at their disposal. These
include pre-operative supplementation with iron or
erythropoietin, pre-operative autologous donation (PAD),
acute normovolaemic haemodilution (ANH), restrictive
transfusion thresholds and intra-operative cell salvage
(ICS) [16,17]. However, each method holds challenges.
Pre-operative supplementation is only applicable for pa-
tients with iron deficiency or anaemia, requires multiple
healthcare episodes for testing, administration and re-
testing, and may not be cost effective [16]. PAD became
popular before effective screening existed for TTIs,
particularly human immunodeficiency virus. However, PAD
is expensive, discards approximately 50% of donated units
and is now rarely used [16,18]. ANH involves intra-
operative venesection, replacement with crystalloid or
colloid, allowing the haemorrhage of dilute blood, then
reinfusion of the patient’s blood post-operatively. Despite
being cost-effective, ANH may make patients hypocoagu-
lable and is also not suitable for patients with pre-existing
low haematocrit or cardiorespiratory comorbidities
[16,19,20]. Restrictive transfusion practices are widely
used and have clear benefit [21], but are not appropriate
for patients with significant or symptomatic bleeding.

ICS involves the reinfusion of spilled blood. A dual-lumen
sucker aspirates blood lost on the surgical field, adds hep-
arinized saline or citrate via the second lumen to prevent
coagulation, and stores this in a reservoir. When required,
this fluid is washed and centrifuged to obtain a concentrate
with haematocrit approximately 60%, passed through a
leucocyte depletion filter to remove nucleated cells
including bacteria and tumour cells, and reinfused [22].
The practice of ICS avoids many of the concerns of alloge-
neic transfusion. It virtually eliminates TTIs, more cost
effective and supply is proportional to demand [8,16]. It is
safe, with large audits of 18 000e64 000 units of reinfused
ICS blood reporting complication rates of <0.027% [23e25].
Safety and efficacy have been proven in other specialties,
with a Cochrane Review of 75 randomised controlled trials
in cardiac, vascular or orthopaedic surgery finding ICS
reduced ATRs by 38% [17]. However, urology has been slow
to embrace ICS, due to concerns of equivocal benefit and
reinfusion of malignant cells [26,27]. These fears have not
been born out, with reassuring findings in a slew of uro-
oncological studies including a meta-analysis [28e38].

To date, the only comparative study of ICS use in ne-
phrectomy is Lyon et al.’s analysis [38] of patients under-
going open partial nephrectomy. This study aims to
compare the outcomes of patients who did and did not
receive ICS while undergoing open nephrectomy at our
institution.

2. Materials and methods

A retrospective cohort study was performed, enrolling all
patients undergoing open nephrectomy for suspected renal
malignancy at our institution from 1 October 2013 to 1
October 2017 inclusive. Data were collected from hospital
electronic and hard copy records. Patients were included
regardless of whether partial or radical nephrectomy was
performed, or whether laparotomy or thoracoabdominal
surgical approach was utilised. Thoracoabdominal approach
was defined as any supra-costal access. Patients were
excluded if nephrectomy was performed for suspected
urothelial malignancy, or for benign conditions, such as
trauma or xanthogranulomatous pyelonephritis. All patients
underwent surveillance for tumour recurrence, according
to the Canadian Urological Association post-Nephrectomy
Guidelines [39]. This represented at minimum assessment
with history, examination, serum testing and chest X-ray
examination annually, and computed tomography of the
abdomen and pelvis at 2- and 5-year post-operatively.
Disease recurrence included any local recurrence or
distant metastasis.

Patients who did (ICS group) and did not (standard group)
receive ICS were compared. Primary outcomes were ATRs,
and disease recurrence among those with histologically
confirmed cancer. Secondary outcomes were complications
and transfusion-related cost. Complications were cat-
egorised based on the Clavien-Dindo grading system [40].
Ethics approval was granted by the Central Adelaide Local
Health Network Human Research Ethics Committee, refer-
ence HREC/17/TQEH/255.

2.1. ICS practice

Our institution commenced using ICS for open nephrectomy
in August 2015. Usage was intermittent, reserved for cases



Table 1 The cost of ICS set-up and reinfusion in Australian
dollars, as of 30 June 2017.

Cost ($) Item

0.98 Separate Yanker sucker
27.50 Dual lumen sucker line
12.64 Anticoagulant; 2 ampoules of 25 000 units/5 mL

heparin
2.13 ICS machine tubing
1.10 1 � 1000 mL 0.9% normal saline
72.50 ICS reservoir
4.54 Bacterial filter
488.46 Anaesthetic nurse wages per case
609.85 Sub-total, ICS setup cost
56.00 Leucocyte depletion filter; Haemonectics�

RS1VAE
280.00 ICS processor set
35.00 Reinfusion bag
11.00 10 � 1000 mL 0.9% normal saline per 500 mL

reinfused @ $1.10/bag
382.00 Sub-total, ICS reinfusion cost

ICS, intra-operative cell salvage.
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deemed high bleeding risk, until in December 2016 it was
decided to employ ICS routinely, allowing for surgeon
preference, due to departmental review of evidence. We
use the Fresenius Kabi CATSmart Continuous Autotransfu-
sion System�, with a Haemonectics� RS1VAE leucocyte
depletion filter (LDF). As recommended by several authors
[41,42], we use ICS in a financially tiered system. For all
cases utilizing ICS, anticoagulated salvaged blood is
collected in a reservoir (basic setup). When desired, this
blood is then processed and reinfused (reinfusion setup).
Thus, the ICS processor set and other single-use items are
not wasted during cases where blood is not returned to the
patient.

The transfusion trigger is decided by the anaesthetist,
based on patient pre-operative haemoglobin, cardiorespi-
ratory comorbidities, volume of blood collected, ongoing
haemorrhage, intra-operative heart rate and blood
pressure.

2.2. Transfusion-related cost calculations

All costs were calculated as of 30 June 2017. Transfusion-
related costs were calculated as allogeneic transfusion
cost þ ICS setup cost þ ICS reinfusion cost. Costs related to
length of hospital stay and complications were not included.

Allogeneic transfusion costs include both the product
cost of each RBC unit and the process costs. The product
cost of AUD $412.66 per unit was determined by the current
listings of the National Blood Authority, Australia [43], after
confirming these were the prices currently paid by our
institution. Process costs of transfusion, including in-
hospital logistics, blood tests, staffing and overhead ex-
penses, are known to be three to five times higher than the
product cost of the unit of blood itself [12,13]. These have
previously been used in Australia to calculate more
comprehensive estimates of the cost of transfusion [44,45].
The first estimate of process costs in Australia by Wood
et al. [44] in 2006 of AUD $370 per unit of RBC infused were
updated by Leahy and Mukhtar [45] in 2010 to AUD $536
using the Australian Bureau of Statistics consumer price
index for hospital and medical services. Utilising the same
method translated to a subsequent 45.3% increase from
end-of-financial-year 2010 to 2017, giving a current process
cost of AUD $779 [46], and a total cost per unit of RBC
infused of AUD $1191.66.

To calculate ICS costs, every equipment item used dur-
ing ICS was systematically listed and its current replace-
ment price obtained from the theatre logistics department.
ICS staffing costs were included, and represent the majority
of the ICS setup cost. The machine is run by one of several
dedicated ICS-trained in-house year �9 anaesthetic nurse.
When ICS is electively requested, the practice of our
institution is to roster an additional anaesthetic nurse to
liberate one who is ICS trained. Due to a limited in-house
staffing pool, it is often necessary to hire an agency nurse
for this purpose. Current pricing in our institution for an in-
house year �9 anaesthetic nurse is AUD $42.28 per hour for
a set 8 h shift, and for an equivalent agency nurse AUD $77
per hour for a flexible duration shift. Of the ICS cases,
seven utilised in-house nurse cover totalling 56 h, while for
nine an agency nurse was employed for 70.75 h in all. This
represented a total ICS staffing cost of $7815.43, or $488.46
per ICS case. Incorporating this, ICS setup cost was AUD
$609.85 per case, with reinfusion costing an additional AUD
$382.00 per case (Table 1).

2.3. Statistical analysis

Continuous data were summarized as medians with inter-
quartile range (IQR), and significance assessed using the
Wilcoxon (ManneWhitney) test. Categorical measures were
summarized as proportions and assessed with Pearson’s chi-
square test. All tests were two-tailed and significance was
assessed at the 5% alpha level. Data were analysed using
SAS v9.3 (SAS Institute Inc., Cary, NC, USA).

3. Results

3.1. Demographics and surgical approach

Forty patients underwent open nephrectomy for suspected
malignancy during the enrolment period. Sixteen patients
received ICS (ICS group) while 24 did not (standard group)
(Table 2). The ICS group had similar median age (63.5 vs.
61.0 years, p Z 0.83) but a lower proportion of females
(19% vs. 58%, p Z 0.013). Median pre-operative (144 vs.
139 g/L, p Z 0.99), post-operative haemoglobin (120 vs.
112 g/L, p Z 0.86) and median Charlson Comorbidity Index
(4 vs. 3, p Z 0.35) were comparable.

The groups had similar proportions with left-sided tu-
mours (44% vs. 42%, p Z 0.90) and thoracoabdominal
approach (88% vs. 79%, p Z 0.50). Other approaches for the
ICS and standard group were midline laparotomy (one and
three cases respectively) and subcostal chevron incision
(one and two cases respectively). The ICS group had a
higher proportion of radical rather than partial nephrec-
tomy (81% vs. 46%, p Z 0.025) and shorter median follow-
up (278 vs. 827 days, p Z 0.0005).



Table 2 Patient demographics and surgical approach.

Index ICS Standard p-Value

Demographics
Patients (n) 16 24
Age (year), median (IQR) 63.5 (56e70) 61 (51e71) 0.83
Female, n (%) 3 (19%) 14 (58%) 0.013
Pre-operative haemoglobin (g/L), median (IQR) 144 (114e152) 139 (133e149) 0.99
Post-operative haemoglobin (g/L), median (IQR) 120 (95e127) 112 (101e125) 0.86
Charlson Comorbidity Index, median (IQR) 4 (2e5) 3 (2e5) 0.35
Length of stay (day), median (IQR) 7 (5e7) 7 (6e9) 0.42
Follow-up (day), median (IQR) 278 (130e554) 827 (549e1319) 0.0005

Approach
Thoracoabdominal, n (%) 14 (88%) 19 (79%) 0.50
Left-sided tumour, n (%) 7 (44%) 10 (42%) 0.90
Radical, n (%) 13 (81%) 11 (46%) 0.025

ICS, intra-operative cell salvage; IQR, interquartile range.
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3.2. Histology

Fourteen ICS patients and 15 standard patients had histo-
logically confirmed renal cancer (Table 3). The tumour type
was clear cell renal cell carcinoma (RCC) for 12 and 11
patients in the ICS and standard groups respectively. Other
histological types in the ICS group were one case each of
chromophobe and papillary RCC, while in the standard
group there were three cases of papillary RCC and one of
large cell undifferentiated urothelial carcinoma. The
number of patients with pathological tumour stage T1, T2
and T3 was three, four and seven in the ICS group and ten,
one and three in the standard group respectively. Signifi-
cantly more ICS patients had stage �T2 disease (79% vs.
27%; p Z 0.005). Both groups had one patient with nodal
stage N1, while three ICS patients and one standard patient
had metastasis detected pre-operatively. These repre-
sented six separate patients.

3.3. Intra-operative cell salvage use

Of the 16 patients in the ICS group for whom lost blood was
collected, five (31%) had salvaged blood reinfused. The
median volume returned was 276 mL (IQR: 223e536 mL).

3.4. Primary outcomes

One patient each in the ICS and standard groups received
allogeneic transfusion (6% vs. 4%). These patients had pre-
operative haemoglobin of 101 g/L and 117 g/L, and had two
and one units given respectively. Amongst patients with
histologically confirmed malignancy without evidence of
metastasis pre-operatively, tumour recurrence rates were
similar (18% vs. 7%, p Z 0.40). Two patients recurred in the
ICS group. The first had a T2aN0 100 mm RCC while the
second had a T3aN1 115 mm RCC. The sole standard group
patient with recurrence had an 85 mm T3aN1 large cell
undifferentiated urothelial carcinoma. All three cases had
negative surgical margins, and were resected radically. The
two patients with N1 disease were the study’s only in-
stances of nodal positivity.
3.5. Secondary outcomes

Complication rates were comparable (19% vs. 29%; p Z 0.46)
(Tables 3 and 4). There were no deaths during the index
admission, and no TTIs. Regarding price estimation, machine
set-up costs applied to all ICS patients, of whom five used
further resources through reinfusion. Calculating total
transfusion-related costs as allogeneic transfusion cost þ ICS
setupcostþ ICS reinfusioncost, the ICSgroup’s costswereAUD
$14 050.92 ($2383.32 þ $9757.60þ $1910.00) compared with
AUD $1191.66 for the standard group ($1191.66 þ $0 þ $0).
Correspondingly, per capita transfusion-related costs were
markedly higher in the ICS group (AUD $878.18 vs. $49.65 per
patient) (Table 3).

Analyses were re-run with patients segregated by partial
or radical surgical approach, comparing those with and
without ICS use. Results were unchanged, with no statisti-
cal difference for ATRs, recurrence and complications (data
not shown).

4. Discussion

The literature to date regarding ICS use in urology is
restricted to a collection of case reports and case series,
and 14 comparative cohort studies [19,26,29e38,41,47],
with no grade I or II evidence. Our study represents the first
comparative study of ICS to include radical nephrectomy
and the first in any urological procedure outside the UK and
the USA. It is also only the fourth comparative study of ICS
in any specialty in Australia [48e50].

ATRs were low at 4%e6%, regardless of ICS use, repre-
senting only one patient in each group. This was an unex-
pected finding, and below published norms for open partial
(5%e30%) [3e6] and radical nephrectomy (18%e45%) [3,5,7].
It is also below the 8%e21% ATRs reported in Lyon et al.’s
analysis [38] of ICS in partial nephrectomy. Causes for this
low transfusion rate are likely to be multi-factorial, including
the favourable Charlson Comorbidity Index and pre-
operative haemoglobin, and the high degree of renal hilar
control afforded by the thoracoabdominal approach. Both
patients requiring transfusion had low starting haemoglobin



Table 4 Complications.

C-D grade Patients and histology details

Intra-operative cell salvage group

Self-limiting asymptomatic fever 1 62yr M CCI 4, 15 mm T1N0M0
Self-limiting asymptomatic hyperkalaemia 1 74yr M CCI 7, 60 mm T3N0M0
Persistent high drain outputs. Drain left in-situ on discharge

and removed subsequently in outpatients
3a 74yr M CCI 9, 70 mm T3N0M1

Standard group

Self-limiting asymptomatic fever 1 51yr M CCI 3, 70 mm T3N0M0
Self-limiting asymptomatic hypoxia 1 84yr F CCI 8, 85 mm T3N1M1
Post-operative ileus, resolved without nasogastric tube 1 69yr M CCI 4, 15 mm oncocytoma
Hospital acquired pneumonia þ rotavirus-positive diarrhea,

treated with antibiotics and supported therapy
2 66yr M CCI 3, 28 mm oncocytoma

Angina pectoris with normal investigations 2 70yr F CCI 5, 37 mm T1N0M0
Small pneumothorax post-underwater sealed drain removal;

resolved with conservative management
3a 88yr F, CCI 5, benign atrophic kidney

Intra-operative laceration to proximal ureter anterior wall
during partial nephrectomy, managed with ureteric stent
for 6 weeks

3a 71yr M CCI 3, 22 mm T1N0M0

CCI, Charlson Comorbidity Index; C-D, Clavien-Dindo; F, female; M, male; TNM, tumour node metastasis stage; yr, year.

Table 3 Histopathology and outcomes.

Index ICS (n Z 16) Standard (n Z 24) p-Value

Histology a

Malignant 14 15
Renal cell carcinoma, n (%) 12 (86) 11 (73) N/A
Size (mm), median (IQR) 63 (31e111) 27 (22e69) 0.11
Margin positive, n (%) 0 (0) 0 (0) N/A
Tumour stage �T2, n (%) 11 (79) 4 (27) 0.005
Nodal stage N1, n (%) 1 (7) 1 (7) 1
Metastasis stage M1, n (%) 3 (21) 1 (7) 0.25

Outcomes a

Patients with allogeneic transfusion, n (%) 1/16 (6) 1/24 (4) 0.96
Malignant and M0, disease recurrence, n (%) 2/11 (18) 1/14 (7) 0.40
Complications, n (%) 3/16 (19) 7/24 (29) 0.46
Transfusion-related cost (AUD, $) 878.18 49.65 N/A

AUD, Australian dollars; ICS, intra-operative cell salvage; IQR, interquartile range; M0, no metastases detected pre-operatively; N/A, not
applicable.

a Percentages for histology and disease recurrence results used number of patients with malignant disease as the denominator.
Percentages for all other outcomes used total patients in group as the denominator.
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concentration, highlighting the importance of pre-operative
optimisation including correction of anaemia.

Both groups had similar low rates of tumour recurrence,
being present in two ICS patients and one standard patient.
This is consistent with the results of Lyon et al. [38], as well
as comparative studies of prostatectomy and cystectomy,
all of which found recurrence in ICS patients was equivalent
to [29e33,35,36] or less than controls [34,37]. This finding
was the more reassuring given the less favourable onco-
logical characteristics amongst our ICS group, with larger,
higher stage tumours. The groups also had comparable
complication rates, in line with many other studies sup-
porting the safety of ICS in uro-oncology [19,33,38,41,47].

Three studies to date have reported cost analyses for ICS
in urology. All were retrospective cohort studies. In 1995,
Gilbert et al.’s USA-based study [26] reported 172 patients
undergoing radical retrograde prostatectomy. Half utilised
PAD and ICS, with the remainder receiving PAD only. They
found transfusion-related costs were greater in the ICS
group, at USD $1409 vs. $976 per patient. Two more recent
UK studies published in 2010 and 2011 comparing ICS to no
blood conservation technique found the reverse. An anal-
ysis of 30 patients undergoing radical cystectomy noted
lower costs in the ICS group, at UK Pounds (UKP) £320 vs.
£675 [19]. Similar savings were reported in another study of
50 men receiving radical retrograde prostatectomy (UKP
£163 vs. £372) [35].

ICS was not cost effective for open nephrectomy in our
institution. The twomain contributors to this finding were the
surprisingly low ATRs and the high staffing cost of ICS.
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Published indications for ICS use are elective or emergency
surgery where the estimated blood loss is>20% of total blood
volume, induces anaemia or requires transfusion in >10% of
patients [42,51]. The ATRs observed in this study were below
this level, limiting the potential benefits of ICS. The use of
casual agency staff to liberate in-house ICS-trained anaes-
thetic nurses was also more expensive than anticipated.
Additionally, in most ICS cases reinfusion did not occur, with
the dedicated ICS anaesthetic nurse largely unoccupied after
machine setup. Driven by these results, our department is
taking steps to reduce these costs. These include creation of a
larger pool of in-house anaesthetic nurses, and negotiations
withamorecompetitivelypricednursingagency.Additionally,
we are exploring modifying ICS operational practice, with the
machine potentially becoming a responsibility of the pre-
existing anaesthetic nurse, who is present for all cases
alongside an anaesthetist, regardless of ICS use. This may
remove ICS-specific staffing costs altogether.

We believe that in sites with similar allogeneic transfusion
and ICS costs and no separate ICS staffing, ICS will reduce
transfusion-related costs only for procedures with expected
transfusion rates >50%. Future advances in ICS technology
may improve its cost effectiveness, by reducing setup costs,
and returning a higher proportion of shed blood.

This study is limited by its retrospective nature, small
size, non-randomised nature and short follow-up. Differ-
ences between groups, the principal feature of non-
randomised studies, were significant for important
characteristics such as tumour stage, and this selection bias
may have impacted our findings.

5. Conclusion

ICS use in open nephrectomy appears safe,with similar tumour
recurrence and complications compared to the standard
group. ATRswere unexpectedly low in both groups. Therefore,
ICS was not cost effective for open nephrectomy in our insti-
tution. ICS use may offer greater cost benefit when used in
urological centres or procedures with higher ATRs. Larger and
prospective studies are required to confirm these findings.
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