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Abstract 

Background: Intra-operative cell salvage (IOCS) and leukocyte-depleted filter (LDF) are widely used and effective in 
saving blood. However, the safety issue concerning reinfusion of IOCS–LDF processed blood to renal cell carcinoma 
(RCC) patients with inferior vena cava (IVC) thrombus were inconclusive for fear of increased risk of cancer metastases. 
This study intends to analyze the circulating tumor cell (CTC) eliminating effect of IOCS–LDF in 5 RCC–IVC thrombus 
patients.

Methods: A novel strategy integrating negative enrichment by immunomagnetic beads and immunostaining-fluo-
rescence in situ hybridization with probes identifying aneuploid of 8 and/or 7 were used to detect CTCs from salvages 
blood. Blood samples were collected from 4 stages in each patient.

Results: Of the 5 RCC patients, the number of CTCs decreased (from 3, 4, 10, 7, 3, respectively, to all zero) after IOCS–
LDF treatment. The triploid of chromosome 7 and/or chromosome 8 were most common karyotype for RCC patients 
with IVC thrombus. Tetraploid of chromosome 8 occurred in only one sample and no polypoid (number of chromo-
some > 4) were found.

Conclusion: IOCS–LDF might be a promising way of reducing of allogeneic product transfusion based on current 
preliminary outcome. More convincing conclusions are to be drawn with enlarged sample size and long-term follow-
up for patients prognosis.

Keywords: Renal cell carcinoma, Inferior vena cava thrombus, Intra-operative cell salvage, Leukocyte depletion filter, 
Aneuploidy
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Background
Renal cell carcinoma (RCC) ranks the sixth most fre-
quently diagnosed cancer in men and the 10th in women 
worldwide. It is the 13th most common cause of cancer 

death worldwide according to data provided by the World 
Health Organization, as more than 140,000 RCC-related 
deaths yearly. The incidence rates of RCC is still rising, 
and this is partially because the increase in the imaging 
examination. Although most detected lesions are small 
tumors, locally advanced disease continues to be diag-
nosed in a notable proportion of patients, with up to 17% 
of patients harboring distant metastases at the time of 
diagnosis [1].
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It is observed in 4–10% RCC patients who have a 
unique propensity for vascular invasion (into the renal 
vein and inferior vena cava) in the advanced stage [2]. 
Current guidelines recommend surgical excision of non-
metastatic RCC with inferior vena cava (IVC) thrombo-
sis in patients with acceptable performance status [3]. 
Patients with RCC–IVC tumor thrombus had a signifi-
cant blood loss during operation despite improvements 
in surgical technique. The median estimated blood loss 
was 1900 (IQR 800–3300) ml. For patients with throm-
bus level ≤ 2 and ≥ 3 (Mayo-level), the blood loss were 
1500 (IQR 600–2875) ml and 3000 (IQR 1400–5350) ml, 
respectively [4]. Massive transfusion of allogeneic blood 
may cause bacterial infection, allergic reactions, hemo-
lytic reactions, transfusion-related risks of acute lung 
injury and viral infections. An association between perio-
perative transfusion of allogeneic blood products and 
risk for recurrence has been shown in colorectal cancer 
in randomized trials due to transfusion related immune 
modulation [5, 6]. It is concerned that allogeneic trans-
fusion may result in immunosuppression and possible 
adverse effects on urological cancer recurrence [7–9].

Intra-operative cell salvage (IOCS) is of great sig-
nificance in saving blood and offers an efficacious, 
alternative technique for blood replacement. Leukocyte-
depleted filter (LDF) is normally used after IOCS wash-
ing and before infusion to remove nucleated cells such 
as bacteria and tumor cells. There were AAGBI safety 
guidelines in 2009, NICE guidelines in 2005, 2008 and 
2015, UK Cell Salvage Action Group consensus in 2017, 
National Blood Authority in Australia in 2014, uniformly 
stated that despite theoretical risks and benefits, there 
is no conclusive evidence that cell salvage can induce 
metastases or affect cancer prognosis. The theoretical 
risk of inducing metastatic spread (unproven) is offset by 
reduced allogeneic transfusion and immunomodulation, 

which is proven [10]. However, concerns regarding the 
increased risk of cancer recurrence or development of 
metastases resulting from re-infusion of malignant cells 
renders the reluctance of adopting IOCS–LDF. At pre-
sent, there were few studies on the safety assessment of 
recovered blood in patients with RCC–IVC thrombus. 
This study intends to analyze the tumor cell eliminating 
effect of IOCS–LDF in patients with RCC–IVC throm-
bus with a novel strategy integrating negative enrichment 
by immunomagnetic beads and immunostaining fluores-
cence in situ hybridization (NE-iFISH) with probes iden-
tifying aneuploidy.

Method
Patients selection
We recruited patients with RCC–IVC thrombus under-
went open/laparoscopy radical nephrectomy and IVC 
tumor thrombectomy from January to December, 2018 
in Peking University Third Hospital. Thrombus level was 
defined according to Mayo classification [11]. Only RCC–
IVC thrombus (Mayo-levels II–IV) were included in the 
study. Excluding criteria: patients with blood diseases, 
infectious diseases, and those who refused to participate 
in the study. The study was approved by the hospital eth-
ics committee (No. M2017296). Patients and their fami-
lies all signed informed consent. Patients’ demographic 
information were recorded (Table 1).

Anesthesia and surgical methods
General anesthesia was performed. Patients’ vital signs 
and the depth of anesthesia were closely monitored. The 
surgery of open/laparoscopy radical nephrectomy and 
IVC tumor thrombectomy were dictated by the extent 
and level of the tumor thrombus. The surgical technique 
has been described in detail by Berczi [12]. Surgical time, 
intraoperative blood loss, the amount of autologous 

Table 1 Patients’ demographic information, follow-up and tumor pathological classification

ISUP, International Society of Urological Pathology. G2, Tumour cell nucleoli conspicuous and eosinophilic at × 400 magnification and visible but not prominent at 
× 100 magnification; G3, Tumor cell nucleoli conspicuous and eosinophilic at × 100 magnification

ccRCC  clear cell Renal Cell Carcinoma
a The patient underwent radical right nephrectomy for renal cancer 3 years ago. Now he was diagnosed as inferior vena cava thrombus with lung metastasis. The 
patient died of emphysema 16 months after surgery

Case Mayo-level 
grading

Surgical duration 
(min)

Tumor size (cm) WHO/ISUP 
grading

Pathological 
diagnosis

20-mon 
follow-up

Tumor 
recurrenceor 
metastasis

1 II 553 7.1 * 5.2 * 4.6 G2 ccRCC Alive None

2a III 350 – – ccRCC Dead Preoperative 
lung metas-
tasis

3 II 161 12 * 10 * 6 G3 ccRCC Alive None

4 IV 320 5 * 3 * 2.5 G2 ccRCC Alive None

5 II 540 9 * 5 * 4 G3 ccRCC Alive None
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blood recovery, and the amount of allogeneic blood 
transfusion were recorded. Recovered blood was not re-
infused as this was not allowed by the ethical committee 
for fear of tumor dissemination and subsequent risk of 
metastatic disease.

IOCS–LDF
The suction tube and blood reservoir of the IOCS 
machine (Cell Saver Elite, Haemonetics Corporation, 
MA, U.S.) was rinsed and pre-filled with 50–100 ml anti-
coagulant saline (heparin saline, 500 IU/ml). The negative 
pressure of the suction device is set at 120–150 mmHg. 
The anticoagulant drip rate was adjusted to about 1 
drop/second, and the flow rate was adjusted according 
to the amount and speed of the bleeding. All intraopera-
tive shed blood was recovered from the skin incision to 
tumor removal. Recovered blood was anti-coagulated 
and washed with sterilized saline (1500–2000  ml for 
250  ml RBC). After washing, the recruited blood was 
filtered through PALL® leukocyte reduction filter (SB, 
Haemonetics Corporation, MA, U.S.). Blood products 
treated with IOCS–LDF are for research use only and are 
not returned to patients.

Sample preparation
Blood samples were collected intraoperatively at 4 dif-
ferent stages and sites (S1, peripheral venous blood from 
internal jugular vein before skin incision; S2, blood sam-
pled in the vena cava around the tumor thrombus during 
surgery; S3, IOCS blood after washing and before LDF 
filtering; S4, blood sampled from post-LDF filtration). 
Each sample contains 4.0 ml blood (Fig. 1).

Negative enrichment of CTC 
The strategy of enrichment for circulating tumor cell 
(CTC) is performed according to manufacturer’s instruc-
tions. Briefly, 4.0  ml blood samples were lysed by RBC 
hypotonic hemolysis. Solution was centrifuged at 300 × g 
for 5 min. Then, the residue cell pellet was resuspended 
in PBS and subsequently incubated with anti-CD45 
monoclonal antibody-coated magnetic beads for 30 min, 
followed by the separation of magnetic beads using a 
magnetic stand (Promega, Madison, WI, USA). Superna-
tants were subsequently subjected to identification.

Immunocytochemistry staining of CTCs
The identification of enriched CTCs was performed by 
combing the chromosome enumeration using iFISH 
with chromosome 7 (CEP7, green) and 8 (CEP8, orange) 
centromere probes (Abbott Molecular Diagnostics, Des 
Plaines, IL, USA) and anti-CD45 monoclonal antibody 
(red) (CD45-FISH). Specimens were hybridized at 37 °C 
for 20 min in hybridizer (DAKO). Then they were washed 
in 50% formamide at 43 °C for 15 min, and subsequently 
immersed into 2*SSC and gradient alcohol again. Speci-
mens were washed twice with 0.2% BSA and incubated 
with the CD45 mixture/2% BSA conjugated to Alexa 
Fluor 594 (Invitrogen) for 1 h. Afterward, samples were 
washed again with 0.2% BSA, and covered with DAPI 
which contained Vectashield mounting medium [13]. 
CTCs were examined and identified as hyperdiploid 
CEP8+/DAPI+/CD45−, hyperdiploid CEP7+/DAPI+/
CD45− and hyperdiploid CEP7+, 8+/DAPI+/CD45− 
by two independent pathologists, while cells with CD45+ 
were differentiated as WBC.

Fig. 1 Schematic plot of sample collection and processing
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Statistical analysis
All data were recorded and compared among 5 RCC–
IVC thrombus patients. Medians and quartiles were 
used to describe the amount of intraoperative blood loss, 
transfusion and recovered blood.

Results
Demographic information
In the current study, a total of 5 patients with RCC–
IVC thrombus were included for surgical treatment. Of 
all these 5 patients, one (case No. 2) underwent radi-
cal nephrectomy of the right kidney due to renal can-
cer in local hospital 3  years ago. The patient complaint 
shortness of breath recently and was admitted to our 
hospital. His lung CT revealed multiple nodules in 
both lungs, indicative of metastasis (4.1  cm * 3.8  cm). 
Abdominal CT revealed IVC thrombosis which was 
operated later and diagnosed from clear cell renal cell 
carcinoma (ccRCC) origin by pathological examination. 
The size of the renal tumors of the other four patients 
were 7.1  cm * 5.2  cm * 4.6  cm, 12  cm * 10  cm * 6  cm, 
5 cm * 3 cm * 2.5 cm, 9 cm * 5 cm * 4 cm, respectively, and 
the WHO/ISUP grading system of the tumors were G2, 
G3, G2, G3, respectively [14] (Table 1). The pathological 
diagnosis of all 5 patients were ccRCC (Fig. 2). Post-oper-
ative follow-up showed the patient (case No. 2) with radi-
cal nephrectomy history died of emphysema 16 months 

after thrombectomy. Other 4 patients were closely fol-
lowed up for at least 20 months and no cancer recurrence 
or metastasis were found till now.

Intraoperative blood loss and recovery
A total of 5 patients (ASA II–III) were enrolled, includ-
ing 1 female and 4 male patients, with an average age 
of 58.6  years. 3 patients (2 with Mayo-levels II, and 1 
with Mayo-level IV) underwent open radical nephrec-
tomy and IVC tumor thrombectomy, 1 (Mayo-level III) 
with open thrombectomy, and 1 patient (Mayo-level II) 
received laparoscopic radical nephrectomy and IVC 
tumor thrombectomy. Surgical duration was 335 (IQR, 
320–540) min. The total intraoperative blood loss was 
10,500  ml, and median amount of 2100 (IQR, 1500–
2700) ml, with one patient (Mayo-level IV) lost 4000 ml 
blood. The total amount of transfused allogeneic red 
blood cells was 8800  ml, with median amount of 2000 
(IQR, 1200–2000) ml. The total amount of transfused 
plasma was 2800  ml. One patient (Mayo-level II) who 
underwent laparoscopic radical nephrectomy and IVC 
tumor thrombectomy did not receive allogeneic blood 
transfusion due to small amount of blood loss. A total 
amount of 5150  ml of autologous blood, with median 
amount of 1000  ml (750, 1300) was recovered during 
surgery (Table  2). One patient (Mayo-level IV) experi-
enced major bleeding and was managed with vasoactive 

Fig. 2 Pathological examination of the dissected renal tumor and thrombus. All five patients were diagnosed as ccRCC. a, b Histological 
examination showing the ccRCC as WHO/ISUP grade 2 (hematoxylin and eosin, original magnification: a × 100; b × 200). c, d Histological 
examination showing the ccRCC as WHO/ISUP grade 3 (hematoxylin and eosin, original magnification: c × 100; d × 200)
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drugs and massive blood product transfusion and fluid 
resuscitation. All patients’ vital signs were stable during 
hospitalization.

Detection of tumor cells
20 blood samples from 5 RCC–IVC thrombus patients 
were studied. After excluding CD45+ leukocytes by 
immunomagnetic beads, the aneuploidy (abnormal 
chromosome numbers) of chromosome 8 and/or 7 were 
detected with iFISH examination. The aneuploidy of 
chromosome 8 or 7 include: trisomy 8, tetraploidy 8, 
polyploidy 8 (> 4), trisomy 7, tetraploidy 7, polyploidy 7 
(> 4), aberrant number of both chromosome 8 and 7, and 
circulating tumor micro emboli (CTM). The negative 
expression of CD45 and the aneuploidy of chromosomes 
8 and/or 7 (chromosome number > 2) were discriminated 
as CTCs (Table 3).

In all S1 samples, the number of tumor cells in the 
peripheral blood were 3, 4, 10, 7 and 3, respectively; and 
the number of tumor cells in the S2 sample were 0, 0, 2, 
5 and 1, respectively; in S3 samples, the number of tumor 
cells decreased to 1, 0, 0, 0 and 0; and no tumor cell was 
found in any sample in S4 group (0, 0, 0, 0, 0) (Fig. 3).

In this preliminary study, most CTCs were of triploid 
of chromosome 8 (5/5 cases in S1, 2/5 cases in S2 and 
1/5 cases in S3) or chromosome 7 (4/5 cases in S1, 3/5 
cases in S2, and 1/5cases in S3), while only 1 case with 
tetraploidy of chromosome 8. The hyperdiploidy of both 
chromosome 7 and 8 were detected in 3 cases (2 cases of 
S1 and 1 case of S2). No tetraploidy of chromosome 7, or 
other aberrant chromosome number ≥ 4 were detected. 
(Table 4).

Discussion
Aneuploidy of detected viable tumor cells
Intraoperative tumor metastasis occurred when large 
amounts of cancer cells were shed from primary tumor 
focus during surgical manipulation into the blood stream, 

becoming circulating tumor cells (CTC) and may target 
distant organs and develop metastatic tumors [15]. Rein-
fusion of viable tumor cells from intraoperative recov-
ered blood poses potential risks of tumor dissemination 
and metastasis. However, due to scarce number of resid-
ual tumor cells from vast majority of leukocytes, captur-
ing viable tumor cells from shed blood after IOCS–LDF 
treatment is difficult [16–19].

Currently, the majority of the methodology of detecting 
CTCs are restricted to the tumor cell density, size, and 
charge as well as biomarkers using antigen expression 
profiles and specific tumor antigen–antibody interactions 
to distinguish and isolate CTCs from other cells. How-
ever, a large quantity of primary CTCs are of smaller cell 
size (≤ WBCs) which makes it difficult to separate from 
WBC, and the rare CTCs are inevitability lost during fil-
tration based cell size selection strategy [20]. Moreover, it 
is reported that positive EpCAM expression rate ranges 
37–42.3% of the various cancers with FDA-approved Cell 
Search system. The invasive tumor cells tend to lose their 
epithelial antigens by the epithelial to mesenchymal tran-
sition process, which results in loss of EpCAM on CTCs 
and made the capturing of CTCs more difficult [21]. On 
the other hand, capturing non-tumor derived epithe-
lial cells originated from inflammation, trauma, surgery 
and benign epithelial hyperplasia may cause false posi-
tive results [22]. For RCC, the expression of EpCAM was 
absent and there is no widely acknowledged specific cell 
surface marker for RCC detection[23, 24]. Therefore, a 
promising alternative approach of EpCAM-independent 
enrichment strategy has been introduced [25].

In this preliminary study, detecting aberrant chromo-
some is attempted as a way of capturing tumor cells in 
RCC patients. Aneuploidy is the abnormal alternation 
(either gain or loss) of chromosomes in a cell. It is esti-
mated that 90% of solid tumors exhibit aneuploidy [20]. 
By integrating cellular and molecular approach of NE-
iFISH, which is independent of cell size variation and free 
of anti-EpCAM perturbing. We could simultaneously co-
detecting biomarker expression qualitatively and quanti-
tatively, as well as discovering chromosome aneuploidy 
[13, 26].

It is reported that chromosome 7 and 8 abnormalities 
were detected in RCC cases. The positive rate of chromo-
some 7 abnormality ranges in 9.5–36%, and CTC detec-
tion rate using CEP 8 was 86.20% with a cut-off value of 
1 CTC [27–30]. In this preliminary study, aneuploidy of 
chromosome 8 and/or 7 were analyzed and tumor cells 
were differentiated (Fig. 4). In this way, we could separate 
CTCs from recovered blood in RCC with IVC thrombus 
patients. To our knowledge, this is the first time that NE-
iFISH was used to capture CTCs in the recovered blood 
of RCC–IVE thrombus patients with encouraging result.

Table 2 Intraoperative blood loss and the transfusion

IQR inter quartile range

Case Total blood loss 
(ml)

Infused RBC 
(ml)

Infused 
plasma 
(ml)

Recovered 
blood (ml)

1 2700 2000 0 1300

2 1500 1200 400 750

3 200 0 0 100

4 2100 2000 800 1000

5 4000 3600 1600 2000

Median 2100 2000 400 1000

IQR (ml) 1500–2700 1200–2000 0–800 750–1300
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It is interesting to note that CTCs recovered from 
intraoperative blood in ccRCC-IVC thrombus patients 
have the propensity of developing trisomy of chro-
mosome 7 or 8. This chromosome karyotype was not 
reported before and deserve further exploration. It may 
be useful for future chromosome karyotype analysis 
and also for further study of the clinical significance 
in treatment efficacy of tumor recurrence, metastasis 
detection and prognosis.

IOCS–LDF and RCC metastasis
Leukocyte depletion filter (LDF) is a filtering device 
based on a membrane-like filter material to remove leu-
kocytes from blood. Its mechanism for removing tumor 
cells is physical interception and charge adsorption 
based on cell size. Kumar and colleagues revisited the 
safety of salvaged blood from the point of view of meta-
static potential, and presented basic and applied science 
evidence regarding the innocuous nature of tumor cells 
that have been subjected to the cell salvage process. They 
believe that the current prevalent apprehensions on the 
usage of salvaged blood are ill-founded [31].

Radical nephrectomy and IVC tumor thrombectomy is 
widely acknowledged as the curative method for patients 
with RCC–IVC thrombus [32]. When the tumor throm-
bus extends to the right atrium, intraoperative establish-
ment of extracorporeal circulation is required. Patients 
with Mayo-level III–IV often experienced life-threaten-
ing intraoperative major bleeding. As blood resource is 
limited, scheduled surgeries are always delayed. A recent 
meta-analysis has shown that the infusion of allogeneic 
blood during radical prostatectomy, radical nephrectomy 
and cystectomy lead to worsened prognosis for patients 
[33], and this may be related to transfusion-related 
immunomodulation [34]. The application of IOCS–LDF 
is an effective alternative for massive blood transfusion. A 
study concerning the IVC tumor thrombus extending to 
right atrium has shown that the use of cardiopulmonary 

Fig. 3 Detection and numeration of CTCs in 5 RCC patients at 4 different stages and sites. Significant decrease of CTC numbers were noted in all 
5 patient. S1, peripheral venous blood sample from internal jugular vein before skin incision, indicative of the circulating tumor cells; S2, blood 
sampled in the vena cava around thrombus during surgery, indicating direct cells shedding in surgical manipulation; S3, blood after IOCS washing 
and before LDF filtering, which represents the tumor cell cleaning efficacy with only IOCS; S4, blood sampled after LDF filtration, meaning the actual 
final filtering result after IOCS–LDF

Table 4 Case number of aneuploidy of chromosome 7 and/or 8

Triploidy of chromosome 8 were detected in 8 cases: 5/5 cases in S1, 2/5 cases 
in S2 and 1/5 cases in S3; Triploidy of chromosome 7 were detected in 8 cases: 
4/5 cases in S1, 3/5 cases in S2, and 1/5cases in S3; The hyperdiploidy of both 
chormosome 7 and 8 were detected in 3 cases: 2 cases of S1 and 1 case of S2; 
Only 1 case with tetraploidy of chromosome 8; No tetraploidy of chromosome 7, 
or other aberrant chromosome number ≥ 4 were detected

Sample Case numbers

Chromosome 
8 triploidy

Chromosome 
8 tetraploidy

Chromosome 
7 triploidy

Chromosome 
7 and 8 
hyperdiploidy

S1 5 1 4 2

S2 2 3 1

S3 1 1

S4

Total 8 1 8 3
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bypass and cell-saver technique in borderline situa-
tions like combined oncologic and cardiovascular sur-
gery without increasing the risk of hematogenous tumor 
dissemination. Postoperative cytological investigation 
showed that the tumor cells were only found on the inter-
nal surface of the heart–lung machine arterial filters. No 
distant metastasis was found in all surviving patients 
[35]. There were limited clinical study concerning the 
safety of returning shed blood to RCC–IVC throm-
bus patients, and the results were inconclusive [15, 36]. 
Other single center studies or meta-analysis of urological 
tumors showed that the use of IOCS with or without LDF 
did not increase the post-operative complication occur-
rences [37–39], or medical cost [39].

In the current study, we demonstrated with NE-iFISH 
method, all the tumor cells in 5 patients were com-
pletely removed after LDF treatment, and intraoperative 
IOCS–LDF usage could clear all tumor cells in RCC–IVC 
thrombus patients with high efficiency.

IOCS–LDF for RCC–IVC thrombus tumor cell removal
In this study, 5 RCC–IVC thrombus patients were 
enrolled and 20 blood samples taken at different sites 
and stages during surgery were studied. Samples of S1 
is indicative of the circulating tumor cells; S2 indicated 
peri-thrombus tumor cells shedding into inferior vena 
cava during operation; S3 represents the tumor cell 
cleaning efficacy with IOCS; and S4 is the actual final 
filtering result after LDF. Tumor cell numbers of all S4 
samples were zero after IOCS–LDF treatment. This dem-
onstrated that IOCS–LDF is effective in removing tumor 
cells. To our surprise, the number of tumor cells in inter-
nal jugular vein in S1 is most abundant (3, 4, 10, 7 and 3, 
respectively), while the cell number in S2 decreased (0, 0, 
2, 5 and 1).

This might be explained by the solid texture of the IVC 
thrombus and its smooth surface which could extend 
itself way up to the atrium without being flushed away 

by blood flow in the inferior vena cava. The chances of 
tumor cell embolus detachment were not common. 
This also indicate that intraoperative exploration of the 
tumor thrombus does not necessarily result in signifi-
cant shedding of tumor cells which might lead to tumor 
dissemination. Another important reason is related 
with patient blood management strategy. For RCC–IVC 
patients, considering the possible massive bleeding in 
the process of renal tumor and tumor thrombus separa-
tion and resection, anaesthesiologists would prefer to 
pre-infuse crystalloids and colloids to expand the blood 
volume and achieve tolerable hemodilution to reduce 
the red blood cells loss. This often results in hemodilu-
tion, which may lead to a relative decrease in the number 
of CTCs. In some conditions, apart from hemodilution, 
allogeneic blood products might also be pre-infused 
to prevent subsequent massive bleeding in a short time 
interval and causing violent hemodynamic fluctuation. 
Therefore, the number of CTCs might be reduced as a 
result of dilutional effect. In the current study, the S1 was 
sampled from peripheral venous blood in internal jugu-
lar vein before skin incision (when hemodilution was not 
achieved); while S2 was sampled in the vena cava around 
thrombus during surgery (when large amounts of crystal-
loid, colloids or blood products have been pre-infused).

Our study also demonstrated that IOCS alone is 
not enough for tumor cell depletion as CTCs were still 
detected in 2/5 cases in S3. The IOCS–LDF is efficient in 
depleting tumor cells from recovered blood as the num-
ber of CTCs reduced to 0 in all S4 samples. Due to lim-
ited sample size, further research with enlarge sample 
size is needed to verify the clearance ability of IOCS–
LDF in RCC–IVC thrombus cases. Considering cell size 
differences, the application of IOCS–LDF to other tumor 
types may not achieve the equivalent effect.

Moreover, we also found that there is no close correla-
tion between the amount of blood loss and the number 
of CTCs from the current study, which was also stated by 

Fig. 4 Detection and identification of RCC tumor cells by NE-iFISH. CTCs (blue arrow) were examined and identified as hyperdiploid CEP8+/
DAPI+/CD45−, hyperdiploid CEP7+/DAPI+/CD45− and hyperdiploid CEP7+, CEP8+/DAPI+/CD45− by two independent pathologists. Cells with 
CD45+ were differentiated as WBC (red arrow). CEP, centromere polyploidy
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Ernil Hansen in their research [40]. The number of CTCs 
were more prominent in patients with more advanced 
tumor stage and higher WHO-ISUP grading as well as 
Mayo-level grading. In case 3 and 4, the Mayo-level grad-
ing were II and IV, and the WHO-ISUP grading were G3 
and G2, respectively. In case 3, the number of CTCs were 
10 (S1) and 3 (S2), and the size of the dissected tumor 
is 12  cm * 10  cm * 6  cm; while for case 4, the number of 
CTCs were 7 (S1) and 5 (S2), with the size of the dis-
sected tumor 5 cm * 3 cm * 2.5 cm. However, it is arbitrary 
to reach any definitive conclusion based on the limited 
sample size. Further research is warranted to verify this 
finding.

Conclusion
There were no definitive guidelines or experts consen-
sus to support the use of LOCS–LDF in RCC patients. 
There also lack laboratory and clinical evidence of safe 
reinfusion of autologous blood. In this preliminary study, 
CTCs of all samples decreased to 0 after IOCS–LDF in 
all five RCC–IVC thrombus patients. Which is encourag-
ing. More convincing conclusions are to be drawn with 
enlarged sample size and discovery of more specific and 
accurate bio-markers for tumor cells originated from 
RCC–IVC thrombus.

Abbreviations
IOCS: Intra-operative cell salvage; LDF: Leukocyte-depleted filter; RCC : Renal 
cell carcinoma; IVC: Inferior vena cava; CTC : Circulating tumor cell; NE-iFISH: 
Negative enrichment by immunomagnetic beads and immunostaining fluo-
rescence in situ hybridization.

Acknowledgements
None.

Authors’ contributions
Guarantor of integrity of entire study: HZ, YL, XG. Study concepts Study design: 
HZ, XG. Literature research: XZ, XG, JW. Clinical studies: XZ, YZ, CX, BZ, CL. 
Experimental studies: XZ, YG, LX. Data acquisition: XZ, LM, SZ. Data analysis/
interpretation: XZ, HZ. Statistical analysis: XZ, XG, JW. Manuscript preparation: 
XZ, XG, JW, YG, LX, HZ. Manuscript editing and revision: HZ, XG, JW. Manuscript 
final version approval: HZ, XG. All authors have read and approved the final 
manuscript.

Funding
This work was supported by the Clinical Key Project of Peking University Third 
Hospital, Grants No. BYSY2017001. The funding body played no role in the 
design of the study and collection, analysis, and interpretation of data and in 
writing the manuscript.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
The experimental protocol was established, according to the ethical guide-
lines of the Helsinki Declaration and was approved by the Human Ethics 

Committee of Peking University Third Hospital. Written informed consent was 
obtained from individual participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Anesthesia, Peking University Third Hospital, Huayuan 49# 
Rd, Haidian Dist., Beijing, China. 2 Biological Sample Bank, Peking University 
Third Hospital, Beijing, China. 3 Department of Urology, Peking University Third 
Hospital, Beijing, China. 

Received: 8 September 2020   Accepted: 26 February 2021

References
 1. Capitanio U, Bensalah K, Bex A, et al. Epidemiology of renal cell carci-

noma. Eur Urol. 2019;75:74–84. https:// doi. org/ 10. 1016/j. eururo. 2018. 08. 
036.

 2. Wein AJ, Kavoussi LR, Partin AW, Peters CA. Campbell’s urology (ed 11). 
Malignant renal tumors. Elsevier; 2016.

 3. Campi R, Tellini R, Sessa F, et al. Techniques and outcomes of minimally-
invasive surgery for nonmetastatic renal cell carcinoma with inferior 
vena cava thrombosis: a systematic review of the literature. Minerva Urol 
Nefrol. 2019;71:339–58. https:// doi. org/ 10. 23736/ S0393- 2249. 19. 03396-4.

 4. Lue K, Russell CM, Fisher J, et al. Predictors of postoperative complications 
in patients who undergo radical nephrectomy and IVC thrombectomy: 
a large contemporary tertiary center analysis. Clin Genitourin Cancer. 
2015;14:89–95. https:// doi. org/ 10. 1016/j. clgc. 2015. 09. 007.

 5. Cata JP, Wang H, Gottumukkala V, et al. Inflammatory response, 
immunosuppression, and cancer recurrence after perioperative blood 
transfusions. Br J Anaesth. 2013;110:690–701. https:// doi. org/ 10. 1093/ bja/ 
aet068.

 6. Aquina CT, Blumberg N, Becerra AZ, et al. Association among blood 
transfusion, sepsis, and decreased long-term survival after colon cancer 
resection. Ann Surg. 2017;266:311–7. https:// doi. org/ 10. 1097/ SLA. 00000 
00000 001990.

 7. Aning J, Dunn J, Daugherty M, et al. Towards bloodless cystectomy: a 
10-year experience of intra-operative cell salvage during radical cystec-
tomy. BJU Int. 2012;110:E608–13. https:// doi. org/ 10. 1111/j. 1464- 410X. 
2012. 11338.x.

 8. Soubra A, Zabell JR, Adejoro O, et al. Effect of perioperative blood transfu-
sion on mortality for major urologic malignancies. Clin Genitourin Cancer. 
2015;13:e173–81. https:// doi. org/ 10. 1016/j. clgc. 2014. 12. 006.

 9. Linder BJ, Frank I, Cheville JC, et al. The impact of perioperative blood 
transfusion on cancer recurrence and survival following radical cystec-
tomy. Eur Urol. 2013;63:839–45. https:// doi. org/ 10. 1016/j. eururo. 2013. 01. 
004.

 10. Klein AA, Bailey CR, Charlton AJ, et al. Association of Anaesthetists guide-
lines: cell salvage for peri-operative blood conservation 2018. Anaesthe-
sia. 2018;73:1141–50. https:// doi. org/ 10. 1111/ anae. 14331.

 11. Neves RJ, Zincke H. Surgical treatment of renal cancer with vena cava 
extension. Br J Urol. 1987;59:390–5. https:// doi. org/ 10. 1111/j. 1464- 410x. 
1987. tb048 32.x.

 12. Berczi A, Flasko T, Szerafin T, et al. Surgical management and outcome 
of renal cell carcinoma with inferior vena cava tumor thrombus. Urol Int. 
2017;99:267–71. https:// doi. org/ 10. 1159/ 00046 4108.

 13. Chen YY, Xu GB. Effect of circulating tumor cells combined with negative 
enrichment and CD45-FISH identification in diagnosis, therapy monitor-
ing and prognosis of primary lung cancer. Med Oncol. 2014;31:240. 
https:// doi. org/ 10. 1007/ s12032- 014- 0240-0.

 14. Delahunt B, Cheville JC, Martignoni G, et al. The International Society 
of Urological Pathology (ISUP) grading system for renal cell carcinoma 
and other prognostic parameters. Am J Surg Pathol. 2013;37:1490–504. 
https:// doi. org/ 10. 1097/ PAS. 0b013 e3182 99f0fb.

https://doi.org/10.1016/j.eururo.2018.08.036
https://doi.org/10.1016/j.eururo.2018.08.036
https://doi.org/10.23736/S0393-2249.19.03396-4
https://doi.org/10.1016/j.clgc.2015.09.007
https://doi.org/10.1093/bja/aet068
https://doi.org/10.1093/bja/aet068
https://doi.org/10.1097/SLA.0000000000001990
https://doi.org/10.1097/SLA.0000000000001990
https://doi.org/10.1111/j.1464-410X.2012.11338.x
https://doi.org/10.1111/j.1464-410X.2012.11338.x
https://doi.org/10.1016/j.clgc.2014.12.006
https://doi.org/10.1016/j.eururo.2013.01.004
https://doi.org/10.1016/j.eururo.2013.01.004
https://doi.org/10.1111/anae.14331
https://doi.org/10.1111/j.1464-410x.1987.tb04832.x
https://doi.org/10.1111/j.1464-410x.1987.tb04832.x
https://doi.org/10.1159/000464108
https://doi.org/10.1007/s12032-014-0240-0
https://doi.org/10.1097/PAS.0b013e318299f0fb


Page 10 of 10Zhang et al. BMC Urol           (2021) 21:89 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 15. Chaffer CL, Weinberg RA. A perspective on cancer cell metastasis. Sci-
ence. 2011;331:1559–64. https:// doi. org/ 10. 1126/ scien ce. 12035 43.

 16. Gwak MS, Lee KW, Kim SY, et al. Can a leukocyte depletion filter (LDF) 
reduce the risk of reintroduction of hepatocellular carcinoma cells? Liver 
Transpl. 2005;11:331–5. https:// doi. org/ 10. 1002/ lt. 20346.

 17. Li J, Shi SB, Shi WL, et al. LUNX mRNA-positive cells at different time points 
predict prognosis in patients with surgically resected nonsmall cell lung 
cancer. Transl Res. 2014;163:27–35. https:// doi. org/ 10. 1016/j. trsl. 2013. 09. 
010.

 18. Kumar N, Lam R, Zaw AS, et al. Flow cytometric evaluation of the safety of 
intraoperative salvaged blood filtered with leucocyte depletion filter in 
spine tumour surgery. Ann Surg Oncol. 2014;21:4330–5. https:// doi. org/ 
10. 1245/ s10434- 014- 3950-9.

 19. Kumar N, Ahmed Q, Lee VK, et al. Are we ready for the use of intraopera-
tive salvaged blood in metastatic spine tumour surgery? Eur Spine J. 
2016;25:3997–4007. https:// doi. org/ 10. 1007/ s00586- 015- 4112-x.

 20. Lin PP. Aneuploid CTC and CEC. Diagnostics (Basel). 2018;8:26. https:// doi. 
org/ 10. 3390/ diagn ostic s8020 026.

 21. Wang H, Stoecklein NH, Lin PP, Gires O. Circulating and disseminated 
tumor cells: diagnostic tools and therapeutic targets in motion. Onco-
target. 2017;8:1884–912. https:// doi. org/ 10. 18632/ oncot arget. 12242.

 22. Tanaka F, Yoneda K, Kondo N, et al. Circulating tumor cell as a diagnostic 
marker in primary lung cancer. Clin Cancer Res. 2009;5:6980–6. https:// 
doi. org/ 10. 1158/ 1078- 0432. CCR- 09- 1095.

 23. Spizzo G, Fong D, Wurm M, et al. EpCAM expression in primary tumour 
tissues and metastases: an immunohistochemical analysis. J Clin Pathol. 
2011;64:415–20. https:// doi. org/ 10. 1136/ jcp. 2011. 090274.

 24. Baeuerle PA, Gires O. EpCAM (CD326) finding its role in cancer. Br J Can-
cer. 2007;96:417–23. https:// doi. org/ 10. 1038/ sj. bjc. 66034 94.

 25. Ning N, Zhan T, Zhang Y, et al. Improvement of specific detection of 
circulating tumor cells using combined CD45 staining and fluorescence 
in situ hybridization. Clin Chim Acta. 2014;433:69–75. https:// doi. org/ 10. 
1016/j. cca. 2014. 02. 019.

 26. Ge F, Zhang H, Wang DD, et al. Enhanced detection and comprehensive 
in situ phenotypic characterization of circulating and disseminated het-
eroploid epithelial and glioma tumor cells. Oncotarget. 2015;6:27049–64. 
https:// doi. org/ 10. 18632/ oncot arget. 4819.

 27. Klatte T, Rao PN, de Martino M, et al. Cytogenetic profile predicts 
prognosis of patients with clear cell renal cell carcinoma. J Clin Oncol. 
2009;27:746–53. https:// doi. org/ 10. 1200/ JCO. 2007. 15. 8345.

 28. Kuroda N, Tamura M, Shiotsu T, et al. Chromosomal abnormalities of clear 
cell renal cell carcinoma: frequent gain of chromosome 7. Pathol Int. 
2010;60:9–13. https:// doi. org/ 10. 1111/j. 1440- 1827. 2009. 02467.x.

 29. Pailoor J, Rajandram R, Yap NY, et al. Chromosome 7 aneuploidy in clear 
cell and papillary renal cell carcinoma: detection using silver in situ 
hybridization technique. Indian J Pathol Microbiol. 2013;56(2):98–102. 
https:// doi. org/ 10. 4103/ 0377- 4929. 118688.

 30. Tian D, Zhang M, Zheng G, et al. Clinical significance of phenotyping and 
karyotyping of detecting circulating tumor cells in renal cell carcinoma 
using subtraction enrichment and immunostaining-fluorescence in situ 
hybridization (SE-iFISH). Int Urol Nephrol. 2020;52:2281–7. https:// doi. org/ 
10. 1007/ s11255- 020- 02587-8.

 31. Kumar N, Zaw AS, Kantharajanna SB, et al. Metastatic efficiency of tumour 
cells can be impaired by intraoperative cell salvage process: truth or 
conjecture? Transfus Med. 2017;5:327–34. https:// doi. org/ 10. 1111/ tme. 
12453.

 32. Shao P, Li J, Qin C, et al. Laparoscopic radical nephrectomy and inferior 
vena cava thrombectomy in the treatment of renal cell carcinoma. Eur 
Urol. 2015;68:115–22. https:// doi. org/ 10. 1016/j. eururo. 2014. 12. 011.

 33. Wang YL, Jiang B, Yn FF, et al. Perioperative blood transfusion promotes 
worse outcomes of bladder cancer after radical cystectomy: a systematic 
review and meta-analysis. PLoS ONE. 2015;10:e0130122. https:// doi. org/ 
10. 1371/ journ al. pone. 01301 22.

 34. Li SL, Ye Y, Yuan XH. Association between allogeneic or autologous blood 
transfusion and survival in patients after radical prostatectomy: a system-
atic review and meta-analysis. PLoS ONE. 2017;12:e0171081. https:// doi. 
org/ 10. 1371/ journ al. pone. 01710 81.

 35. Akchurin RS, Davidov MI, Partigulov SA, et al. Cardiopulmonary bypass 
and cell-saver technique in combined oncologic and cardiovascular 
surgery. Artif Organs. 1997;21:763–5. https:// doi. org/ 10. 1111/j. 1525- 1594. 
1997. tb037 38.x.

 36. Moskowitz DM, Perelman SI, Cousineau KM, et al. Multidisciplinary man-
agement of a Jehovah’s Witness patient for the removal of a renal cell 
carcinoma extending into the right atrium. Can J Anaesth. 2002;49:402–8. 
https:// doi. org/ 10. 1007/ BF030 17330.

 37. Casey RG, Raheem OA, Elmusharaf E, et al. Renal cell carcinoma with 
IVC and atrial thrombus: a single centre’s 10 year surgical experience. 
Surgeon. 2013;11:295–9. https:// doi. org/ 10. 1016/j. surge. 2013. 02. 007.

 38. Lyon TD, Ferroni MC, Turner RM II, Jones C, Jacobs BL, Davies BJ. Short-
term outcomes of intraoperative cell saver transfusion during open 
partial nephrectomy. Urology. 2015;86:1153–8. https:// doi. org/ 10. 1016/j. 
urolo gy. 2015. 09. 008.

 39. Kinnear N, Hua L, Heijkoop B, et al. The impact of intra-operative cell 
salvage during open nephrectomy. Asian J Urol. 2019;6:346–52. https:// 
doi. org/ 10. 1016/j. ajur. 2018. 06. 008.

 40. Hansen E, Wolff N, Knuechel R, et al. Tumor cells in blood shed from the 
surgical field. Arch Surg. 1995;130:387–93. https:// doi. org/ 10. 1001/ archs 
urg. 1995. 01430 04004 9007.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1126/science.1203543
https://doi.org/10.1002/lt.20346
https://doi.org/10.1016/j.trsl.2013.09.010
https://doi.org/10.1016/j.trsl.2013.09.010
https://doi.org/10.1245/s10434-014-3950-9
https://doi.org/10.1245/s10434-014-3950-9
https://doi.org/10.1007/s00586-015-4112-x
https://doi.org/10.3390/diagnostics8020026
https://doi.org/10.3390/diagnostics8020026
https://doi.org/10.18632/oncotarget.12242
https://doi.org/10.1158/1078-0432.CCR-09-1095
https://doi.org/10.1158/1078-0432.CCR-09-1095
https://doi.org/10.1136/jcp.2011.090274
https://doi.org/10.1038/sj.bjc.6603494
https://doi.org/10.1016/j.cca.2014.02.019
https://doi.org/10.1016/j.cca.2014.02.019
https://doi.org/10.18632/oncotarget.4819
https://doi.org/10.1200/JCO.2007.15.8345
https://doi.org/10.1111/j.1440-1827.2009.02467.x
https://doi.org/10.4103/0377-4929.118688
https://doi.org/10.1007/s11255-020-02587-8
https://doi.org/10.1007/s11255-020-02587-8
https://doi.org/10.1111/tme.12453
https://doi.org/10.1111/tme.12453
https://doi.org/10.1016/j.eururo.2014.12.011
https://doi.org/10.1371/journal.pone.0130122
https://doi.org/10.1371/journal.pone.0130122
https://doi.org/10.1371/journal.pone.0171081
https://doi.org/10.1371/journal.pone.0171081
https://doi.org/10.1111/j.1525-1594.1997.tb03738.x
https://doi.org/10.1111/j.1525-1594.1997.tb03738.x
https://doi.org/10.1007/BF03017330
https://doi.org/10.1016/j.surge.2013.02.007
https://doi.org/10.1016/j.urology.2015.09.008
https://doi.org/10.1016/j.urology.2015.09.008
https://doi.org/10.1016/j.ajur.2018.06.008
https://doi.org/10.1016/j.ajur.2018.06.008
https://doi.org/10.1001/archsurg.1995.01430040049007
https://doi.org/10.1001/archsurg.1995.01430040049007

	CTCs detection from intraoperative salvaged blood in RCC–IVC thrombus patients by negative enrichment and iFISH identification: a preliminary study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Method
	Patients selection
	Anesthesia and surgical methods
	IOCS–LDF
	Sample preparation
	Negative enrichment of CTC
	Immunocytochemistry staining of CTCs
	Statistical analysis

	Results
	Demographic information
	Intraoperative blood loss and recovery
	Detection of tumor cells

	Discussion
	Aneuploidy of detected viable tumor cells
	IOCS–LDF and RCC metastasis
	IOCS–LDF for RCC–IVC thrombus tumor cell removal

	Conclusion
	Acknowledgements
	References


