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Plain language summary 

Role of intraoperative cell salvage techniques in the management of renal tumors with 
advanced caval extension

En bloc removal of the kidney with tumor thrombus excision in a multidisciplinary team 
remains the standard treatment for RCC with tumor thrombus extension. Intraoperative 
cell salvage techniques (IOCS) can decrease the need for allogeneic blood and prevent 
blood transfusion related complications. In this article we demonstrated that transfusion 
of autologous blood is safe and can be using during nephrectomy and thrombectomy for 
advanced renal cell carcinoma.

Current role of intraoperative cell salvage 
techniques in the management of renal 
tumors with level III and IV inferior vena 
cava thrombus extension
Cristian Surcel*, Robert Dotzauer* , Cristian Mirvald , Calin Popa, Cosmin Olariu, 
Catalin Baston, Mihai Harza, Constantin Gangu, Igor Tsaur** and  
Ioanel Sinescu**

Abstract
Background: En bloc removal of the kidney with tumor thrombus excision in a 
multidisciplinary team remains the standard treatment for renal cell carcinoma (RCC) with 
tumor thrombus extension. In order to minimize the hemodynamic impact of the surgical 
blood loss, intraoperative cell salvage (IOCS) techniques can decrease the need for allogeneic 
blood and prevent blood transfusion related complications.
Objective: In this article, we evaluated the safety of IOCS during radical nephrectomy with 
inferior vena cava thrombectomy under cardiopulmonary bypass with or without deep 
hypothermic circulatory arrest.
Design and method: In this retrospective comparative multicenter analysis, clinical 
characteristics of 27 consecutive patients who underwent surgery with or without IOCS 
between 2012 and 2022 in three referral care units were collected into a database. The need 
for an allogenic blood transfusion (ABT) was also recorded, defined as any transfusion that 
occurred either intraoperatively or during the hospital stay.
Results: The need for ABT in the cell saver arm was significantly smaller due to the reinfusion 
of rescued blood (p < 0.015). In multivariate analysis, no cell saver usage was an independent 
predictor for complications ⩾3 Clavien 3a [odds ratio (OR) 18.71, 95% CI 1.056–331.703, 
p = 0.046]. No usage of IOCS was an independent predictor for a lower risk of death (OR 0.277, 
95% CI 0.062–0.825, p = 0.024). During follow-up, patients who received salvaged blood did not 
experience an increased risk for developing local recurrence or distant metastases.
Conclusion: Transfusion of autologous blood is safe and can be using during nephrectomy and 
thrombectomy for advanced RCC.
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Introduction
Renal cell carcinoma (RCC) represents approxi-
mately 2–3% of all tumors and has a unique pro-
pensity of intraluminal growth into the venous 
circulation.1 Inferior vena cava (IVC) tumor 
thrombosis can be detected in 4–15% of patients, 
with extension into the right atrium in approxi-
mately 1%.1,2

In cases with suprahepatic or cavoatrial tumor 
thrombus extension, en bloc removal of the kid-
ney with IVC thrombectomy in a multidiscipli-
nary team represents the main treatment option.1 
In a non-metastatic setting, complete surgical 
excision in may offer a 5-year survival benefit in 
40–69% of cases.2,3 However, perioperative mor-
tality rates are significant (3–16%), with a periop-
erative morbidity reported up to 70% mainly due 
to significant blood loss, renal or liver dysfunc-
tion, and cardiovascular complications.4,5

Intraoperative cell salvage (IOCS) techniques can 
decrease the need for allogeneic blood and pre-
vent blood transfusion-related complications. 
Despite the routine use of salvaged blood in 
benign surgery (e.g. cardiac surgery), the usage of 
IOCS techniques in oncological surgery is still 
under debate. Concern exists that the usage of 
blood collected intraoperatively will result in a 
reinfusion of tumor cells and subsequently influ-
ence oncological outcomes.6

In this article, we evaluated the safety of IOCS 
during open radical nephrectomy with IVC 
thrombectomy under cardiopulmonary bypass 
(CPB) using a combined approach for RCC with 
suprahepatic or cavoatrial tumor thrombus 
extension.

Material and method

Data collection
In this retrospective comparative multicenter 
analysis, clinical characteristics of consecutive 
patients who underwent surgery with or without 
IOCS between 2012 and 2022 in three Referral 
Centers were collected into a database in 

accordance with the local ethical standards and 
the declaration of Helsinki. The reporting of this 
study conforms to the Strengthening the 
Reporting of Observational Studies in 
Epidemiology (STROBE) checklist.7

All patients aged 18 years and older, with a diag-
nosis of primary renal mass with IVC tumor 
thrombus extension, were included in the analy-
sis. Patients with level 1 or 2 tumor thrombus 
(Mayo Clinic classification) or with distant metas-
tasis on contrast enhanced CT and/or MRI were 
excluded.2

In order to perform a comparative analysis regard-
ing the safety of IOCS techniques, the patients 
were divided into two groups, depending upon 
the intraoperative IOCS usage. The decision to 
use these devices was made preoperatively on a 
patient-based approach depending on the com-
plexity of the case (large tumor, bulky lymph 
nodes, presence of enlarged collateral veins, bland 
tumor thrombosis) and availability of the device 
in the center. The XTRA Autotransfusion system 
(LivaNova PLC, London, UK) was used in all 
cases where IOCS techniques were performed. 
The decision to autotransfuse was made by the 
anesthesiologists based upon the collected vol-
ume and hemoglobin level. The need for an allo-
genic blood transfusion was also recorded, 
defined as any transfusion that occurred either 
intraoperatively or during the hospital stay.

We recorded data regarding symptoms, maximal 
tumor diameter and final pathology, lymph node 
invasion, presence of bland thrombosis, or con-
tralateral vein involvement. We performed a com-
parative analysis of perioperative outcomes 
(operating time, blood loss, transfusion rates), as 
well as intraoperative and complications rates 
using a Clavien Dindo scale. Cancer recurrence 
was defined as any new radiologic metastatic 
lesion recorded during follow-up using imaging 
(CT/MRI).

The surgical techniques for open radical nephrec-
tomy with cavoatrial thrombectomy have been 
previously described.8 All procedures were 
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performed in a combined team with significant 
experience in the management of complex onco-
logical cases with more than 80 patients treated in 
the last 20 years (cardiovascular: C.P., C.O., 
O.S., V.P.R., H.M., I.S.; urologists: I.S., C.S., 
C.G., M.H., C.B.).

Statistical analysis
Medians and interquartile ranges are presented 
for continuous variables and frequencies and pro-
portions for categorical variables. Chi-squared 
test and Mann–Whitney U-test were used for 
group comparison between the groups. A multi-
variate binary and linear regression analysis was 
performed (forward selection). The survival time 
was calculated from the date of operation to the 
date of death or last follow-up (when the patient 
was confirmed to be alive) and the date of newly 
diagnosed metastases, respectively. The Kaplan–
Meier method was used to analyze the survival 
curve and differences between groups were com-
pared using the log-rank test. For survival param-
eters a multivariate cox proportional-hazard 
model was calculated. Significance level was set 
to p < 0.05. Statistical analysis was performed 
using IBM SPSS Statistics Version 20 (IBM 
Corp., Armonk, NY).

Results
Clinical characteristics of the 27 patients included 
in the analysis are presented in Table 1. There 
were no significant differences between groups 
for any demographic or pathologic variables. 
Median age in our cohort was 67 years. In 10 
cases (37%), the tumor was located on the left, 
whereas 17 (63%) patients presented a right-
sided tumor, with a median size of 8.7 cm (inter-
val 6.8–10.4). In six cases (22.2%), the IVC 
tumor thrombosis was below the diaphragm but 
above the suprahepatic veins (level 3), whereas 21 
(77.8%) patients presented atrial involvement 
(level 4).

Mean duration of surgery was similar in both 
groups [320 min (interval: 280–380)]. There 
were no significant differences between groups 
in the median durations of cardiopulmonary 
bypass, deep hypothermic circulatory arrest 
(DHCA) and contralateral renal vein clamping 
(Table 2). IVC was ligated below the renal veins 
in five cases (31.3%) due to extensive bland 
thrombosis.

Although there was no significant difference in 
the median estimated blood loss between groups, 
the need for intraoperative ABT in the cell saver 
arm was significantly smaller due to the reinfu-
sion of rescued blood (p < 0.015). The salvaged 
blood was filtered through the XTRA systems 
prior to infusion and rescued an average of 
1200 ml (interval: 840–2800 ml) of autologous 
blood, decreasing the need of perioperative allo-
genic transfusion with a median of 2 units/case.

Overall intraoperative complication rate was 
62.8%, with no significant differences between 
groups. No intraoperative death was recorded, but 
two patients (7.7%) developed cardiac arrest after 
CBP that required intraoperative defibrillation. 
Overall postoperative complication rate was 
48.14%, with no significant differences between 
groups (Table 3). Clavien grade ⩾3b complication 
rate in our cohort was 18.51%, with one death 
recorded in the no cell saver arm due to hemor-
rhagic shock after massive hemomediastinum.

Median length of hospital stay recorded for the 
entire cohort was 20 days (interval 10–28 days), 
with a median ICU stay of 6 days (interval 
4–12 days). Median metastasis-free survival 
showed no significant difference (p = 0.063) and 
was 25 months for the no cell saver arm and 
11 months for the cell saver arm, respectively. 
Median overall survival was 51 months in the no 
cell saver arm and 22 months in the cell saver arm 
(p = 0.02; Figure 1).

In multivariate logistic regression analysis, no cell 
saver usage was an independent predictor for 
postoperative complications ⩾3 Clavien 3a (OR 
18.71, 95% CI 1.056–331.703, p = 0.046) 
(Supplemental Table 1). The usage of cell saver 
was an independent predictor for shorter length 
of ICU stay (coefficient = −0.355, 95% CI 1.056–
331.703, p = 0.046) and for a lower risk of death 
(OR 0.277, 95% CI 0.062–0.825, p = 0.024) 
(Table 4).

During follow-up, 4 (14.8%) patients developed 
local recurrence in the no cell saver arm, which 
was excised in two cases. A total of 15 patients 
(55%) developed distant metastasis, with no sta-
tistical differences between groups. We recorded 
three cases with solitary lesion in the contralateral 
suprarenal gland who underwent surgery. 
Adjuvant treatment with targeted therapy was 
recommended in 8 (29.62%) cases.
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Table 1. Clinical baseline characteristics of the study cohort and group comparison between the groups with or without cell saver 
usage.

Variable Cell saver (11) No cell saver (16) All patients (n = 27) p Value

Median age (range) – years 65 (62–72) 68 (60–75) 67.0 (60.0–77.0) 0.748

Sex – no. (%) 0.383

 Female 2 (18.2) 5 (31.3) 7 (25.9)  

 Male 9 (81.8) 11 (68.8) 20 (74.1)  

Laterality

 Left 4 (36.4) 6 (37.5) 10 (37.0) 0.637

 Right 7 (63.6) 10 (62.5) 17 (63.0)  

Median BMI, IQR (kg/m2) 21 (18–22) 23.4 (20.87–26.62) 22 (19–25) 0.012

ECOG performance status 0.222

 0 0 1 (6.3) 1 (3.7)  

 1 4 (36.4) 2 (12.5) 6 (22.2)  

 2 4 (36.4) 5 (31.3) 9 (33.3)  

 3 3 (27.3) 7 (43.8) 10 (37.0)  

 4 0 1 (6.3) 1 (3.7)  

Median Charlson comorbidity score 5 (4–8) 8 (6–9) 6 (5–8) 0.032

Clinical symptoms 0.469

 Urinary 6 (54.5) 11 (68.8) 17 (63.0)  

 Systemic 1 (9.1) 1 (6.3) 2 (7.4)  

 Local and systemic 4 (36.4) 3 (25.0) 8 (29.6)  

Median preoperative Hb (range) – g/dL 13.0 (12.0–14.0) 12.8 (10.63–14.52) 13.0 (11.6–14.3) 0.586

Median preoperative serum creatinine (range) – mg/dL 1.00 (1.00–1.00) 1.32 (1.00–1.50) 1.0 (1.00–1.45) 0.105

Median maximum tumor size (range) – cm 8.5 (7.4–10.2) 8.8 (6.8–10.4) 8.7 (6.8–10.2) 0.902

Preoperative embolization of the renal artery

 Yes 1 (9.1) 3 (18.3) 0.455

 No 10 (90.9) 13 (81.3)  

Histology 0.473

 Clear cell RCC 10 (90.9) 13 (81.3) 23 (85.2)  

 Urothelial cancer 0 1 (6.3) 1 (3.7)  

 Unclassified 1 (9.1) 0 1 (3.7)  

 Clear cell and papillary RCC 0 1 (6.3) 1 (3.7)  

 Clear cell RCC and unclassified 0 1 (6.3) 1 (3.7)  

(Continued)
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Variable Cell saver (11) No cell saver (16) All patients (n = 27) p Value

Fuhrman grade 0.688

 2 3 (30.0) 2 (13.3) 5 (20)  

 3 3 (30.0) 11 (73.3) 14 (56.0)  

 4 4 (40.0) 2 (13.3) 6 (24.0)  

pT-Stage 0.315

 pT3c 5 (45.5) 10 (62.5) 15 (55.6)  

 pT4 6 (54.5) 6 (37.5) 12 (44.4)  

Lymph node metastases 0.436

 N0 6 (54.5) 7 (43.8) 13 (48.1)  

 N1 5 (45.5) 9 (56.3) 14 (51.9)  

IVC involvement 0.189

 Thrombus above diaphragm 1 (9.1) 5 (31.3) 6 (22.2)  

 Atrial thrombus 10 (90.9) 11 (68.8) 21 (77.8)  

Cruoric thrombosis 0.528

 Yes 2 (18.2) 5 (31.3) 7 (25.9)  

 No 9 (81.8) 12 (75.0) 21 (77.8)  

IVC invasion 0.545

 Yes 2 (18.2) 2 (12.5) 4 (14.8)  

 No 9 (81.8) 14 (87.5) 23 (85.2)  

Contralateral renal vein thrombosis 0.643

 Yes 1 (9.1) 2 (12.5) 3 (11.1)  

 No 10 (90.9) 14 (87.4) 24 (88.9)  

BMI, body mass index; ECOG = Eastern Cooperative Oncology Group; Hb, hemoglobin; IVC, inferior vena cava; IQR= interquartile range;  
pT, pathological stage T; RCC, renal cell carcinoma.

Discussions
Cavoatrial tumor thrombus extension in RCC 
represents a complex and challenging scenario in 
which the surgery has to resolve a locally advanced 
cancer that associates a significant central venous 
obstruction. Although the perioperative morbid-
ity and mortality rates are high, mainly due to 
increased blood loss and thrombus migration, the 
oncological outcomes reported are reasonable, 
with up to 64% of cases with no lymph node 
metastasis alive at 5 years after surgery.2,5,9,10

Our study included six patients with level three 
IVC tumor thrombus excision that underwent 

open radical nephrectomy with IVC thrombec-
tomy under CBP bypass. Although there are sev-
eral articles demonstrating that an abdominal 
approach to the supradiaphragmatic vena cava is 
feasible, there are several important drawbacks to 
this approach (such as the need for Pringle 
maneuver on the hepatic pedicle, possible dam-
age to the posterior wall of the inferior vena cava, 
uncontrolled bleeding), patients with a friable 
thrombus tip may be at risk of intraoperative 
embolization.9,11,12 Although the complications of 
a CBP bypass are not neglectable, we consider 
that these cases should be performed under CBP 
bypass with or without DHCA in order to 

Table 1. (Continued)
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minimize the risk of intraoperative tumor throm-
bus embolization.

There is an increasing body of literature on the 
application of minimally invasive methods 
(robotic, laparoscopic) for IVC thrombectomy 
and radical nephrectomy. According to several 
studies, for level II thrombi, laparoscopy or robot-
ics may be a safe substitute for open surgery and 
for level III/IV thrombi, laparoscopic nephrec-
tomy with open venotomy can be performed 
safely.13–15 Minimally invasive services were una-
vailable in our centers during the study period.

In order to minimize the hemodynamic impact of 
the surgical blood loss, transfusions with alloge-
neic blood (ABT) are currently the main option 
for perioperative blood conservation.16,17 The 
usage of ABT presents several drawbacks, with 

multiple studies demonstrating the negative 
impact of this strategy on clinical and oncological 
outcomes and increased risk of death due to 
transfusion related side effects.6,18 In addition, 
perioperative homologous blood transfusion may 
have an immunosuppressive effect, increasing the 
perioperative mortality risk or adverse oncological 
outcomes.19–21 Autologous intraoperative blood 
transfusions using the cell saver systems have 
been used in different scenarios where a signifi-
cant blood loss is to be expected (vascular, cardi-
othoracic, orthopedic, etc.). The usage of 
allogenic blood transfusion for cancer patients 
was considered unsafe after the American Medical 
Council advised in 1986 against using autologous 
saved blood during oncologic surgery.22 Following 
this statement, several systematic reviews and 
meta-analysis of clinical reinfusion and nonrein-
fusion studies (in which salvaged blood is not 

Table 2. Perioperative clinical characteristics of the study cohort and group comparison between the groups with or without cell 
saver usage.

Variable Cell saver (11) No cell saver (16) All patients (n = 27) p-Value

Median duration of surgery (range) – min 310 (270–360) 330 (285–402) 320 (280–380) 0.322

Median duration of CBP (range) – min 35 (30–45) 31 (30–44) 32 (30–45) 0.780

Median duration of DHCA (range) – min 20 (16–25) 18 (15–22) 20 (15–24) 0.367

Median duration of clamping of contralateral 
renal vein (range) – min

10 (10–15) 12 (10–18) 10 (10–18) 0.649

IVC ligation  

 Yes 0 5 (31.3) 5 (18.5) 0.054

 No 11 (100) 11 (86.8) 22 (81.5)  

Median estimated blood loss (range) – mL 2500 (1800–6400) 2100 (1850–4100) 2200 (1800–6400) 0.535

Median units of allogenic whole blood 
transfusion (range) – n

2 (0–2) 4 (2–6) 2 (0–6) 0.015

Median units of allogenic plasma (range) – n 0 (0–1) 1 (0–4) 0 (0–1) 0.190

Median estimated rescued blood (range) – mL 1200 (840–2800) 0.535

Median postoperative Hb (range) – g/dL 10.0 (9.0–10.0) 9.72 (7.60–10.60) 9.74 (8.21–10.60) 0.621

Intraoperative complications 0.977

 grade1 5 (45.5) 8 (53.3) 13 (50.0)  

 grade2 6 (54.5) 5 (33.3) 11 (42.3)  

 grade3 0 2 (13.3) 2 (7.7)  

ABT, allogenic blood transfusion; CBP, cardiopulmonary bypass; DHCA, Deep hypothermic circulatory arrest; Hb, hemoglobin; IVC, inferior vena 
cava.
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reinfused to patients) were published, indicating 
that salvaged blood presents a good safety profile 
with similar or better oncological outcomes 
reported for patients receiving IOCS during can-
cer surgery compared to patients with ABT or 
nontransfused patients.6,17,23,24

In uro-oncology, several authors have demon-
strated that the usage of IOCS during radical cys-
tectomy or retropubic prostatectomy does not 
increase the risks of distant metastasis or 

biochemical recurrence.25–27 The National 
Institute for Health and Clinical Excellence 
(NICE) approved the use of autologous blood 
transfusion in patients undergoing prostate or 
bladder cancer surgery.28

The evidence regarding the safety of autologous 
blood transfusions during kidney cancer surgery 
is scarce and limited to small case series or case 
reports.29–32 To the best of our knowledge, this is 
the first case control series to report the 

Table 3. Clinical outcome characteristics of the study cohort and group comparison.

Variable Cell saver (11) No cell saver (16) All patients (n = 27) p-Value

Postoperative complications 0.373

None 4 (36.4) 3 (18.8) 7 (25.9)  

Clavien-Dindo 2 3 (27.3) 2 (12.5) 5 (18.5)  

Clavien-Dindo 3a 1 (9.1) 4 (25.0) 5 (18.5)  

Clavien-Dindo 3b 0 2 (12.5) 2 (7.4)  

Clavien-Dindo 4a 2 (18.2) 1 (6.3) 3 (11.1)  

Clavien-Dindo 4b 1 (9.1) 3 (18.8) 4 (14.8)  

Clavien-Dindo 5 0 1 (6.3) 1 (3.7)  

Median length of hospital stay, 
(range) – days

14 (10–18) 24 (18–31) 20 (10–28) 0.010

Median length of ICU stay 
(days)

2 (2–6) 9 (4–15) 6 (4–12) 0.003

Local recurrence  

 Yes 0 4 (25.0) 4 (14.8)  

 No 11 (100) 12 (75.0) 23 (85.2)  

Systemic metastasis  

 Yes 6 (54.5) 9 (56.3) 15 (55.5)  

 No 5 (45.5) 7 (43.8) 12 (44.5)  

Adjuvant treatment 0.467

 Yes 3 (27.2) 5 (31.2) 8 (29.6)  

 No 8 (72.7) 11 (68.7) 19 (70.3)  

Alive at last follow-up  

 Yes 7 (63.6) 9 (56.3) 16 (59.3)  

 No 4 (36.4) 7 (43.8) 11 (40.7)  

ICU, intensive care unit.
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oncological outcomes after IOCS usage in 
patients undergoing radical nephrectomy with 
cavoatrial thrombectomy.

In terms of postoperative complications, our 
study also supports the safety of IOCS usage. The 
shorter length of stay and decreased median num-
ber of days in the intensive care unit in the cell 
saver group (14 versus 24 and 2 versus 9, respec-
tively) are not correlated to the IOCS usage in the 
multivariate analysis (Supplementary Table 2), 
but may reflect the general trend of a shorter hos-
pital stay in recent years.

Reported mortality rates after radical nephrectomy 
with cavoatrial thrombectomy range from 2.7% to 
13% in contemporary series and may be dependent 
on comorbidities.2,33 In our study, overall mortality 
was 3.7% and has decreased significantly from our 
last report.34 Further refinement of our surgical 
technique, together with the increasing surgical 
experience and better case selection, as well as 
advances in perioperative care, may have helped in 
reducing the perioperative morbidity and mortality.

Although modern systemic treatment with 
immune checkpoint inhibitors and tyrosine kinase 

Figure 1. Kaplan–Meier curves for (a) overall survival (OS) and (b) metastasis-free survival (MFS) comparing 
the cohorts with (solid line) and without (dashed lines) cell saver usage.

Table 4. Multivariate cox regression analyses of preoperative and intraoperative factors to predict OS and MFS.

Risk factors End points 

 OS MFS

 HR 95% CI p Value HR 95% CI p Value

Cell saver usage

 Yes 1 (ref.) 1 (ref.)  

 No 0.277 (0.062–0.825) 0.024 0.173 (0.024–1.1256) 0.083

BMI 0.964 (0.804–1.157) 0.696 1.198 (0.880–1.631) 0.252

Maximum tumor size 0.989 (0,964–1.014) 0.378 0.961 (0.961–1.043) 0.952

Preoperative Hb 0.819 (0.556–1.204) 0.309 0.573 (0.266–1.230) 0.153

BMI, body mass index; CI, confidence interval; Hb, hemoglobin; HR, hazard ratio; MFS, metastasis free survival; OS, overall survival.
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inhibitors has considerably improved survival for 
metastatic RCC, the usage of these drugs in an 
adjuvant setting after radical treatments is contro-
versial and is not reimbursed in most of the 
European countries.1,12 Several trials, such as 
Keynote 564 (NCT03142334) or Checkmate 
914 (NCT03138512), are now being conducted 
to evaluate these drugs in the adjuvant context for 
non-metastatic patients who are at high risk of 
recurrence, such as those with IVC tumor throm-
bus.35,36 In our cohort, only six patients received 
adjuvant treatment with targeted therapy, and the 
impact of these treatments on the overall survival 
could not be assessed.

In terms of oncological outcomes, our findings do 
not support the hypothesis that intraoperative 
autotransfusion can influence the development of 
systemic metastases. Even though, the cohort with 
the usage of IOCS showed decreased overall sur-
vival, no significant difference regarding metasta-
sis free survival on Kaplan–Meier or multivariate 
Cox regression analyses could be seen (Table 4).

Several studies have shown that patients with 
caval tumor thrombosis present a high level of cir-
culating tumor cells (CTCs) and have raised con-
cerns that the reinfusion of viable tumor cells 
from intraoperative recovered blood may result in 
tumor spread and metastasis.37,38 However, a 
postoperative cytological examination revealed 
that the tumor cells were only detected on the 
internal surface of the heart–lung machine arterial 
filters.31 According to Karczewski et al.,39 62% of 
tumor cells became nonviable after processing 
with an intraoperative blood salvage device, 
whereas the remaining tumor cells underwent 
irreversible morphologic changes. These results 
support the hypothesis that tumor cells are ren-
dered nonviable during collection and processing 
in the cell saver system.

Our study presents several limitations inherent to 
the retrospective nature of the study and small 
number of patients included. However, enrolling 
a large number of patients fit enough to undergo 
surgery in a prospective study may be challenging 
due to the low incidence of cavoatrial thrombus 
extension in RCC and the narrow window of 
opportunity for curative surgery since these 
patients are at high risk of metastatic spread. 
Second, since the present series spans over a dec-
ade, the surgical techniques and the perioperative 
protocols have constantly improved, which may 

have biased the oncological outcome analysis. In 
addition, the impact of adjuvant treatment was 
not evaluated due to the small number of patients 
that received targeted therapy in our cohort.

Conclusion
Transfusion of autologous blood using intraop-
erative blood salvage techniques is safe and can 
be used during nephrectomy and cavoatrial 
thrombectomy for advanced RCC. Centralization 
of these patients in high volume centers with large 
experience is paramount in order to maximize 
oncological outcomes and decrease perioperative 
morbidity.
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