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Background: The efficacy and safety of cell salvage for musculoskeletal sarcoma surgery have not been
reported, and concerns over re-infusion of tumour cells remain. This study aims to i) describe the
intra-operative blood loss and cell salvage reinfusion volumes for lower limb sarcoma and pelvic sarcoma
procedures ii) and explore whether there is evidence of tumour cells in reinfused blood.
Methods: Retrospective analysis of 109 consecutive surgical procedures for biopsy-proven sarcoma or
bone metastasis performed between 1 July 2015 and 30 October 2019. Salvaged blood was processed
and reinfused when intraoperative blood loss exceeded 500 ml. Primary bone tumour (n = 86(79%))
and metastasis (n = 23(21%) constituted the study group and surgeries were classified under hemipelvec-
tomy (n = 43(39%)), lower limb endoprosthesis replacement (LLE) (n = 50(46%)) and wide excision sur-
gery (WE) (n = 16(15%)). Microscopic examination of imprint cytology of leuco-depletion(LD) filters,
and peripheral smear examination was performed for reinfused blood.
Results: Median (IQR) intra-operative blood loss was 1750 (600–3000) ml for hemipelvectomy, 850 (600–
1200) ml for LLE, and 1000 (550–2000) ml for WE. Salvaged blood was re-infused in 102 of 109 (94%)
patients. The mean (SD) volume of re-infusion was 445(425) ml for hemipelvectomy, 206(131) ml for
LLE, and 184(106) ml for WE. In total, 64 of 109 (59%) patients received an allogeneic red blood transfu-
sion within 72 h of surgery. Cytology analysis of imprints taken from the filtered blood available in 95
(87%) patients and peripheral smear examination of reinfused blood available in 32(29%) patients did
not reveal evidence of tumour cells on microscopic examination of any samples.
Conclusion: Our study demonstrates that musculoskeletal sarcoma surgery is associated with significant
blood loss, and cell salvage permits reinfusion of autologous blood in most patients. The cytological anal-
ysis did not reveal evidence of tumour cells in reinfused blood, consistent with other studies where cell
salvage is used for cancer surgery.
� 2021 The Author(s). Published by Elsevier GmbH. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Musculoskeletal sarcoma surgery is associated with significant
intraoperative blood loss and allogeneic blood transfusion rates
[1,2]. In complex surgeries involving pelvic resections and wide
excision surgery, the average blood loss is around 4500 ml, and
nearly 20% of these surgeries require allogenic blood transfusion
post-surgery [2,3]. Increased peri-operative blood loss and blood
transfusion are associated with increased mortality rates and
increased morbidity in cancer surgery [4,5]. Strategies to reduce
intra-operative blood loss include optimisation of erythropoiesis,
use of antifibrinolytic agents [6], and intraoperative cell salvage
(ICS) [7]. Although widely used for cancer surgery in some spe-
cialties, the role of ICS for musculoskeletal sarcoma surgery has
not been reported, and earlier reports raised concerns over the
re-infusion of malignant cells into the circulation [8,9]. Recently,
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Fig. 1. Schematic diagram showing the routine intra-operative set-up for intraoperative cell salvage.
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studies have shown the use of ICS to safe in urologic oncology sur-
gery [10] and also in gynaecologic oncology [11].

The Association of Anaesthetists guidelines in 2018 stated that
there is no conclusive evidence the ICS induces metastasis or
affects cancer prognosis, but recommend considering the use of
leucodepletion filters during re-infusion of salvaged blood in can-
cer surgery [12].

The aims of this study are to describe the intra-operative blood
loss and cell salvage reinfusion volumes for musculoskeletal sar-
coma procedures and explore whether there is evidence of tumour
cells in reinfused blood.

2. Methods

We performed a retrospective cohort study of consecutive
patients who underwent lower limb surgery for musculoskeletal
sarcoma and received ICS for their surgery at the Nuffield Ortho-
paedic Centre, Oxford University Hospitals NHS Foundation Trust,
Oxford, UK, between 1 July 2015 and 30 October 2019. Indication
for surgery was classified as primary bone tumour or metastasis.
Procedures performed were classified as hemipelvectomy, lower
limb endoprosthesis (LLE) replacement, and wide excision surgery
(WE). Hemipelvectomy included internal hemipelvectomy (type I,
type II, and type III) and external hemipelvectomy cases; LLE
included patients who needed prosthesis replacement after
tumour excision or in metastatic cases/fractures; WE included
patients where wide excision was performed that did not require
reconstruction. Finding are reported in accordance with the
Strengthening the Reporting of Observational Studies in Epidemi-
ology (STROBE) statement. The study received approval from the
local Research Ethics Committee, and the reference number
granted was 6649.

All patients had their diagnosis and treatment plan finalized at
the multidisciplinary team (MDT) meeting. The procedures were
performed by two surgeons (DW and MG). All patients received
general anaesthesia with or without neuraxial anaesthesia. Intra-
venous 1 g tranexamic acid was administered to all patients before
skin incision. Routine thromboprophylaxis of low-molecular-
2

weight heparin was commenced 6 h post-surgery. During the
study period, there was no change in routine anaesthesia or surgi-
cal technique.

ICS was used in all musculoskeletal sarcoma surgeries from 1
July 2015, where intraoperative blood loss was expected to exceed
500 ml. The anaesthetist explained to all patients about the poten-
tial risks and benefits and a specific informed consent was
obtained prior to surgery. Cell salvage was performed using Sorin
XtraTM machine (LivaNova, London, UK), and the size of the bowl
was selected based on the volume of salvaged blood (55–225 ml)
(Fig. 1). Leucocyte depletion filter (LDF) (40 mm)was used in all
cases. Wound irrigation was performed using saline. All procedures
were commenced with the ICS system in ‘collect only’ mode. The
salvaged blood was also then processed to re-suspend the red
blood cells with a haematocrit of 60% once the estimated blood loss
exceeded 500 ml.

Data were collected from local electronic health records and cell
salvage databases. The collected data included: patient demo-
graphics (age, sex, BMI, ASA grade); diagnosis made at MDT; proce-
dure performed; cell salvage records (calculated intra-operative
blood loss, re-infused blood volume and haematocrit (Hct) mea-
surements); and perioperative Hb measurements. Records were
also reviewed for reinfusion hypotension in the postoperative per-
iod. Patients with incomplete record details were excluded from
the study (Fig. 2). In line with national guidelines [13], the
haemoglobin red blood cell transfusion threshold was70 g/l in
our hospital, except in patients with acute coronary syndrome
where the threshold was 80 g/l. Transfusions of red blood cells
on the day of surgery were defined as those taking place before
midnight.

Estimated intra-operative blood loss was calculated according
to the formula [14]:

Blood loss (ml) = Estimated blood volume (ml) * [(Hct procedure
start (%) – Hct pretransfusion %) / (Hct procedure start (%) + Hct
pretransfusion (%))/2]

Re-infusion volume was collected from the cell salvage records.
The proportion of estimated blood loss re-infused was calculated
as [15]:



Fig. 2. Flowchart depicting the study methodology and categorization of cases.

Fig. 3. Flowchart depicting the method of assessment of LD filters and re-infused blood for malignant cells. Steps and arrows in ‘brown’ were done in operation theatre; steps
and arrows in ‘dark blue’ were performed in laboratory by pathologist. (For interpretation of the references to colour in this figure legend, the reader is referred to the web
version of this article.)
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Cell salvage efficiency (%) = (Re-infusion volume (ml) * Re-
infusion Hct (%)/ Hct procedure start (%) * Estimated blood loss
(ml)).

The volume of salvaged blood was standardised to haematocrit
60%.

To analyse whether there were malignant tumour cells in the
re-infused blood, touch imprint samples were taken from the plas-
tic case on the outflow portion of the filter (Fig. 3). Imprint cytology
is a well-recognised simple technique for preparation of specimen
for assessment [16]. The sample which needs analysis is pressed
onto a glass slide, which is then fixed and stained for assessment.
Samples of blood for re-infusion were taken and two peripheral
smears were prepared. Two touch imprints were taken on 2–2
slides from the central and peripheral portion of the filter. The
slides were air-dried, fixed in ether-alcohol solution(1:1), and
3

stained with haematoxylin and eosin. Microscopic examination
of the slides was performed by a histopathologist (OZ).
3. Results:

A total of 111 patients of biopsy proven sarcoma of the pelvis or
lower limb underwent surgery using ICS during the study period.
Two patients had incomplete cell salvage data and were excluded
from the study (Fig. 2). The indication for surgery was primary
bone tumour in 86 cases (79%) and metastasis in 23 cases (21%).
Surgery consisted of hemipelvectomy in 43 patients(39%), lower
limb endoprosthesis replacement (LLE) in 50 patients (46%) and
wide excision surgery (WE) in 16 patients (15%). Intraoperative
blood loss was more than 500 ml in 96%(105/109) of patients. A
sufficient volume of blood was salvaged for processing and



Table 1
Patient characteristics according to type of surgery performed. Intra-operative blood loss values are in median (IQR). Rest all values in mean (SD) or number (proportion).

Hemipelvectomy Lower Limb Endoprosthesis replacement Wide Excision

No: of Patients 43 (39.4%) 50 (45.9%) 16 (14.7%)
Age (in years) 53.8 (18.4) 64.4 (14.6) 60.5 (26.4)
Sex (%Female); % 32.5% 56% 37.5%
Body Mass Index (BMI) 26.9 (5.1) 26.3 (5.7) 28.4 (5.5)
Intra-operative blood loss (in ml) 1750 (600–3000) 850 (600–1200) 1000 (550–2000)
Volume of re-infused blood (in ml)a 445 (425) 206 (131) 184 (106)
Proportion of blood loss salvaged; % 30.5 (11.5) 29.7 (12.3) 23.2 (10.8)

a Excludes all cases where inadequate blood was available for re-infusion. Standardized to hematocrit 60%.

Fig. 4. Proportion of patient cohort (n = 109) receiving allogeneic blood transfusions. Day 0 graph includes transfusions that occurred intra-operatively and post-operatively
until midnight on the day of surgery.
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re-infusion in 94%(102/109) of procedures. An estimated one-
fourth of intra-operative blood volume loss was returned to the
patient (Table 1) through ICS. In total, 64 of 109 (59%) patients
received an allogenic red blood transfusion within 72 h of surgery
(Fig. 4).

Cytology analysis of imprints taken from the LD filter, which
were available in 95(87%) patients, and peripheral smears of re-
infused bloods which were available in 32 (29%) of patients, did
not reveal evidence of tumour cells on microscopic examination
of any samples (Fig. 5 & Fig. 6). As per records of the 102 patients
who received re-infusion, no patient was reported to have had
reinfusion hypotension.
4. Discussion

Our study demonstrates that musculoskeletal sarcoma surgery
involving the pelvis and lower limb is associated with significant
blood loss, and ICS permits reinfusion of autologous blood in the
majority of the patients. In cases where sufficient blood was pro-
cessed for re-infusion, it equated to approximately two units of
red blood cells per patient who underwent a hemipelvectomy
and nearly one unit in LLE and WE surgeries. Almost a quarter of
intraoperative blood loss was salvaged and re-infused. Cytological
analysis of imprints of filtered blood did not show any evidence of
malignant cells.
4

Our reported estimated total blood loss was comparable to pre-
viously published studies. Our median estimated total blood loss
was 1750 ml for hemipelvectomy. A review of 137 pelvic resec-
tions for sarcoma demonstrated nearly 45% of patients have blood
loss exceeding 3000 ml [2]. Another study of 28 pelvic resections
for tumours, reported the average blood loss to be 4793 ml [1].
As per the recent recommendation by the association of anaes-
thetists [17], ICS should be considered for all procedure with antic-
ipated intraoperative blood loss exceeding 500 ml of blood loss,
which accounts for 96% patient in our cohort. The proportion of
patients with sufficient blood salvaged for re-infusion in our cohort
was higher for musculoskeletal sarcoma surgery that is reported
for other orthopaedic surgeries where ICS is employed [14,17].
Studies analysing re-infusion rates following ICS in cohorts involv-
ing revision arthroplasty patients demonstrated sufficient volume
for salvage in 76% [15] and 54% [18] of patients, respectively.

Nearly 28% of intra-operative blood loss was re-infused after
salvage in our cohort. This is lower than a similar study performed
at our institution of ICS in revision hip arthroplasty patients, where
an estimated 35% was salvaged for re-infusion [15]. One probable
reason is difficulty containing blood loss during sarcoma surgery
since the surgical fields can be larger compared with revision hip
arthroplasty.

Our reported blood loss for different musculoskeletal sarcoma
procedures can guide clinicians as to the estimated blood that



Fig. 5. Retrieval of LD filters and samples of blood for re-infusion from surgery (a). Breaking open the LD filter in the laboratory (b) and imprints taken on slides from the
outflow portion (c) revealed no evidence of any tumour cells (d) on microscopic examination. Peripheral smears of samples of blood for re-infusion (e) showed red blood cells
with occasional monocytes (f). There was no evidence of any malignant cell. The patient underwent wide excision surgery for biopsy-proven undifferentiated pleomorphic
sarcoma. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 6. Touch imprint of outflow portion of LD filter in a lower limb endoprosthesis surgery for biopsy-proven osteosarcoma of the distal femur shows red blood cells and very
few occasional lymphocytes. No atypical cells are present. Haematoxylin-eosin (H&E) staining’ magnification � 400 (b). Touch imprint of the blood for re-infusion after
filtered through the LDF shows red blood cells and occasional neutrophil granulocytes. No atypical cells or tumour cells are seen. Haematoxylin-eosin (H&E) staining’
magnification � 400. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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can be salvaged using ICS and the blood products that may be
required.

There has been uncertainty around the safety of ICS in cancer
surgery, and debate regarding their safety still exists. Studies have
demonstrated that circulating tumour cells are often present in
5

cancer patients who undergo surgery, irrespective of ICS use.
Moreover, very few of these are thought to be capable of causing
metastasis [19]. The use of LDF reduces the number of malignant
cells with no adverse effect on the final quality of the blood avail-
able for re-infusion [19] and recent guidelines advocate using LDF
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in ICS for cancer surgery [12,18]. Our histological analysis of slides
of reinfused blood from 95 patients with a range of sarcoma
pathologies who had their blood filtered through an LDF, did not
show any evidence of any malignant cells. This is reassuring to sur-
geons and clinicians regarding the use of ICS in sarcoma surgery.
An observational study of flow-cytometric evaluation of filtered
blood through LDF in spine tumour surgery showed the tumour
cell count to be zero in 8 of the 11 samples. It demonstrated LDF
to be an effective tool in removing tumour cells [20]. The safety
of ICS in cancer surgery has been supported by studies of hepato-
cellular carcinoma surgery [21] where ICS use did not show an
increased rate of metastasis or recurrence. National Institute for
Health and Care Excellence (NICE) guidelines recommend using
ICS in patients undergoing radical prostatectomy and cystectomy
for cancer [21]. Recently, encouraging results of ICS use in surgery
involving urology oncology [10] and metastasis [21,22] strongly
suggest that ICS can be strongly considered in cancer surgery,
including musculoskeletal tumours. Another major advantage of
the use of ICS is may reduce complication associated with allogenic
transfusion [12].

Cost-effectiveness of ICS has not been considered in this study,
but is improved by using the cell salvage machine in ‘collect only’
mode until adequate blood has been salvaged for reinfusion
[10,15]. ICS has demonstrated cost-effectiveness in high bleeding
risk surgical settings, with clear economic benefits of cell salvage
evident over the use of peri-operative allogeneic blood transfusion
[23].

Our study has limitations. The use of ICS for the patients in our
cohort was at the discretion of the surgeon and the anaesthetist,
when they estimated blood loss to exceed 500 ml. The volume of
blood loss and cell salvage efficiency are estimations that do not
account for intra-operative fluid therapy and blood transfusions.
Retrospective studies have an inherent bias of few missing data,
which was also evident in our study. The surgical technique and
anaesthesia technique may have influenced blood loss, which
was not assessed in this study. Musculoskeletal sarcoma patients
are a broad heterogeneous group, unlike many other cancers, mak-
ing it challenging to draw generalised conclusions. We adopted
imprint cytology of filtered blood to look for malignant cells,
whereas flow cytometry has been shown to have higher sensitivity.
Long-term data in larger cohorts is required to examine the rate of
disease recurrence. This will be invaluable in determining whether
there is a longer-term association between the use of ICS and dis-
ease recurrence.
5. Conclusion

Our study demonstrates that musculoskeletal sarcoma surgery
is associated with significant blood loss and use of ICS permits
reinfusion of autologous blood in most patients. Cytological analy-
sis did not reveal evidence of tumour cells in reinfused blood, con-
sistent with other studies where cell salvage is used for cancer
surgery. Future studies should aim to analyse if any increased risk
of metastasis associated with use of ICS in sarcoma surgery and
also analyse the cost effectiveness of ICS.
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