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Abstract
Background  Radical nephrectomy with thrombectomy in patients with renal cell carcinoma (RCC) and level IV 
thrombus extending to the right atrium (RA) offers improved survival. However, this procedure is associated with 
significant perioperative morbidity and mortality. In this report, we describe a novel milking technique for patients 
with RA tumor thrombus using abdominal access, which does not require diaphragmic incision, sternotomy, right 
atriotomy, or cardiopulmonary bypass (CPB).

Methods  Between January 2019 and January 2022, four patients underwent resection of renal cell carcinoma 
extending into RA by a milking technique developed to avoid diaphragmic incision, sternotomy, or CPB. Patient 
characteristics, perioperative data, pathological features, and survival were evaluated.

Results  Complete resection was successful through pure transabdominal access without diaphragmic incision, 
sternotomy, or CPB in all patients.

Conclusion  We conclude that radical nephrectomy and thrombectomy in optimized cases with renal cell carcinoma 
extending into RA can be safely and effectively performed without diaphragmic incision, sternotomy, or CPB, avoiding 
serious perioperative complications while providing acceptable oncological outcomes.
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Background
Tumor thrombus extending to the inferior vena cava 
(IVC) has been reported in 4–10% of renal cell carcinoma 
(RCC) cases [1]. Complete surgical removal of renal mass 
and thrombus is the standard treatment for selected 
patients as it offers significant survival benefits [2]. How-
ever, the thrombectomy for patients with an extension 
of tumor tissue into the right atrium (RA) represents the 
most critical surgical challenge. In this scenario, the open 
approach is generally favored. The surgical management 
consists of sternotomy, right atriotomy, and cardiopul-
monary bypass (CPB) with deep hypothermic circulatory 
arrest (DHCA) [3, 4]. Although this procedure provides 
a bloodless field and clear visualization for thrombus 
removal, it significantly prolongs the operative time and 
is associated with more significant mortality and mor-
bidity [5]. Recent studies have suggested that supradia-
phragmatic tumor thrombus (Mayo IV) can be removed 
without sternotomy and any form of CPB with decreased 
morbidity and low mortality. However, these surgeries 
were completed by dissection of the central tendon and 
pericardium to expose the IVC and RA [6–8]. Although 
the open approach is generally favored, minimally inva-
sive approaches have been successfully applied using 

robot-assisted laparoscopic techniques by surgeons with 
expertise. The intrapericardial IVC control is achieved 
through transabdominal incision of the central tendon 
of the diaphragm and the pericardium in both open and 
minimally invasive surgery. Here, we describe a novel 
technique for patients with RA tumor thrombus using 
abdominal access, for which proximal control can be 
gained without diaphragmic incision, sternotomy, right 
atriotomy, or CPB.

Methods
Patients
After approval by the Institution Review Board (SWYX: 
No.2022-80), we retrospectively reviewed the surgical 
records of patients with renal cell carcinoma and tumor 
thrombus extending to the right atrium in our center 
from January 2019 to January 2022. Patients treated by 
transabdominal radical nephrectomy and thrombectomy 
without sternotomy, diaphragmic incision, or cardiopul-
monary bypass were included. Four patients were identi-
fied. Patients’ characteristics are summarized in Table 1.

All the patients had preoperative computed tomog-
raphy or magnetic resonance imaging scans. The imag-
ing modalities demonstrated renal cell carcinoma with 

Table 1  Characteristic and clinical data of 4 patients
Patient

Variable 1 2 3 4
Age, years 52 63 75 57
Body mass index, kg/m2 26.9 27.3 25.3 21.1
Sex Male Female Female Male
ECOG performance status 1 0 1 1
TNM stage pT3cN0M0 pT3cN0M0 pT3cN0M0 pT4N1M0
Tumor, cm 9.8 8.2 5 9
Tumor thrombus in RA, cm 3.2 3.7 4.3 0.5
Operative time, minutes 180 160 220 250
Contorl of porta hepatis, minutes 28 14 20 30
Estimated blood loss, ml 200 300 350 800
Blood transfusion, units 0 0 0 6
ICU stay 1 2 2 1
Day to surgical drain removed 3 4 4 4
Postoperative complications Lymphatic leakage Pleural 

effusion, 
pulmonary 
infection

Postoperative serum Creatinine, µmol/L 79 48 105 74
Postoperative serum ALT, u/L 77 109 68 26
Postoperative serum AST, u/L 99 163 90 35
Postoperative hospitalization 7 7 8 8
Pathology ccRCC ccRCC ccRCC ccRCC
WHO/ISUP grade 2 2 3 3
Survival state Alive Alive Alive Alive
Survival time, months 36 13 12 5
ALT, alanine aminotransferase; AST, aspartate aminotransferase; ccRCC, clear cell renal cell carcinoma; ECOG, Eastern Cooperative Oncology Group; ICU, intensive 
care unit; WHO, World Health Organization; ISUP, International Society of Urological Pathology; RA, right atrium; TNM, tumor nodes metastasis staging system.
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tumor thrombus extending to the right atrium (Fig.  1). 
The thrombi mobility and involvement with the vena 
cava were assessed by abdominal Doppler ultrasonogra-
phy. Three patients had right-sided renal cell carcinoma. 
One patient with a left-sided renal mass had synchro-
nous metastasis and received pazopanib treatment for 
six months. Routine laboratory investigations showed 
no abnormality. The functions of vital organs were evalu-
ated prior to operations. All the patients’ performance 
statuses were evaluated according to the Eastern Coop-
erative Oncology Group criteria. No preoperative renal 
artery embolization was performed in any patients. Intra-
operative real-time transesophageal echocardiography 
(TEE) was utilized to monitor thrombectomy. Postop-
erative follow-up evaluations included physical examina-
tions, laboratory tests, and imaging modalities.

Surgical technique
After the induction of general anesthesia, the patients 
were placed in the supine position with both groins 
exposed. A continuous intraoperative TEE probe was 
inserted to delineate the cranial extent and adherence of 
the tumor thrombus.

IVC exposure and renal artery ligation: For patients 
with right renal mass (patients 1 through 3), the lapa-
rotomy incision was extended two fingerbreadths below 
the right costal margin from the xiphoid process to the 
lateral midaxillary line. When the right colon was mobi-
lized medially, the duodenum was dissected posteriorly 
and was mobilized medially over to the aorta (Kocher 
maneuver). The IVC was gently exposed from the third 
hepatic portis to the level below the renal vein. As the 
right kidney was mobilized laterally and posteriorly, the 
right renal artery was encountered, ligated, and divided.

For patient 4 with left RCC, the surgical technique of 
transperitoneal laparoscopic radical nephrectomy was 
performed using routine procedures [9]. The left renal 

vein with thrombus was secured and divided en bloc with 
the firing of the Endo-GIA stapler.

 Liver mobilization and IVC clamping: After the liga-
mentum teres was ligated and divided, the falciform liga-
ment was incised. The coronary ligament and diaphragm 
around the vena cava hiatus were dissected circumferen-
tially with satisfactory mobility. The distal IVC and the 
contralateral renal vein were blocked. The porta hepatis 
was controlled using Pringle’s maneuver. After dissection 
around the vena cava hiatus, the diaphragm can be raised 
to the cranial along with the IVC, and then the RA can be 
gently squeezed from both sides through the diaphragm. 
The tumor thrombus in RA was then “milked” down to 
the IVC (Fig.  2). The Satinsky clamp was placed across 
the intrapericardial IVC under TEE monitoring without 
sternotomy, diaphragmic incision, or cardiopulmonary 
bypass.

Thrombectomy: After achieving reliable vascular con-
trol, longitudinal cavotomy was performed around the 
renal vein ostium. Digital manipulation or withdrawal 
maneuvers were used to remove the tumor thrombus. 
After complete resection, the cavotomy was closed with 
4 − 0 PROLENE™ Polypropylene running sutures. Finally, 
a drain was placed within the peritoneal space, and the 
laparotomy incision was closed layers. One patient 
(patient 4) required the excision of a segment of the 
infrahepatic IVC wall, which was repaired using a bovine 
pericardium patch.

Results
These four patients’ characteristics and clinical data are 
presented in Table 1. The median size of the renal mass 
was 8.2  cm. The median length of the tumor thrombus 
in RA was 3.2  cm. All the operations were performed 
successfully. No perioperative death occurred. The 
median operative time was 180  min. The median dura-
tion of porta hepatis control by a Rummel tourniquet was 
20  min. The median estimated blood loss was 300 ml. 

Fig. 1  The preoperative imaging findings of renal cell carcinoma patients with right atrial tumor thrombus. (A) Contrast-enhanced computed tomogra-
phy demonstrating the tumor thrombus (white arrow) in the right atrium. (B, C) The ultrasonography showing the tumor thrombus floating in the right 
atrium. RV, right ventricle; TT, tumor thrombus; TV, tricuspid valve
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Only patient 4 required the perioperative transfusion of 6 
units of blood and 760 ml plasma due to infrahepatic IVC 
involvement and reconstruction. The median length of 
intensive care unit stay was one day. The median drainage 
duration was four days. The median values of postopera-
tive serum creatinine was 74 µmol/L. The median value 
of postoperative alanine aminotransferase and aspar-
tate aminotransferases were 68 and 90 u/L, respectively. 
There was one patient who developed lymphatic leakage. 
One patient suffered postoperative pulmonary infec-
tion and pleural effusion. Based on the Clavien-Dindo 
classification of surgical complications, these patients’ 
complications were grade 2. The main reason was the 
trauma caused fluid collection in the surgical site dur-
ing the operation. There were no immediate or 30-day 

postoperative deaths. The median length of postopera-
tive hospitalization was seven days. The tumor pathology 
analysis demonstrated clear cell renal cell carcinoma in 
all patients. According to the WHO/ International Soci-
ety of Urological Pathology grading system, two cases 
were classified as 2 and two as 3. During the follow-up 
period, all the patients were still alive at the time of this 
report. It was also noted that no recurrence was found in 
any patient.

Discussion
Here, we report 4 RCC patients with right atrial tumor 
thrombus that could be “milked” into the IVC without 
applying CPB and DHCA. This approach is safe and fea-
sible. Atrial thrombosis is a relatively rare event in about 
1% of patients affected by renal cell carcinoma. Radical 
nephrectomy and thrombectomy in patients with renal 
cell carcinoma and RA tumor thrombus extension offer 
them a chance of long-term survival [10–12]. The stan-
dard approach to such entities has been that of CPB with 
DHCA. Although these techniques provide satisfactory 
visualization for tumor thrombus dissection and rapid 
intervention for embolism in case of thrombus splinter-
ing, the limitation of CPB and DHCA is the increased 
complication and morbidity, such as transient or perma-
nent neurologic deficits, including delirium and stroke 
[13, 14]. Besides, the disorder in coagulation and hepatic 
dysfunction also lead to postoperative bleeding [15–17]. 
Moreover, ischemic injury to the vital organs, as well as 
infection secondary to ischemic reperfusion injury, com-
promise recovery. Overall mortality has been reported 
to be up to 10% [13, 14]. If the thrombectomy in cases 
of RCC with RA tumor thrombus could be performed 
without CPB or DHCA, the patients may undergo tumor 
excision with minimal morbidity and mortality.

In the past few decades, urologists and cardiac sur-
geons have tried to carry out radical nephrectomy and 
supradiaphragmatic tumor thrombus to avoid CPB or 
DHCA. Stewart and colleagues reported their experience 
with eight patients who underwent cavoatrial thrombec-
tomy in whom DHCA was not used [16]. CPB was estab-
lished routinely. They employed cardiotomy suction to 
aspirate coronary and hepatic venous to provide a virtu-
ally bloodless field. However, this technique may facilitate 
malignant cell spreading. Ruel et al. [18]. and Shinghal 
et al. [19]. reported novel techniques involving CPB and 
clamping the descending aorta above the diaphragm 
with avoidance of DHCA. These techniques were associ-
ated with several advantages. Occlusion of the descend-
ing aorta near the diaphragm diminished low body and 
viscera venous return, providing bloodless exposure 
during cavoatrial thrombus excision and avoiding the 
need for DHCA. Cerebral and spinal cord perfusion was 

Fig. 2  Abdominal control of renal cell carcinoma with right atrial tumor 
thrombus without diaphragmic Incision and cardiopulmonary bypass. The 
diaphragm can be raised to the cranial along with the IVC, and then the 
RA can be squeezed from both sides through the diaphragm. The tumor 
thrombus in RA was then “milked” down to the IVC
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maintained; thus, the risk of transient or permanent neu-
rologic damage was reduced.

Recently, many investigators have reported a transab-
dominal approach to level IV and RA tumor thrombi that 
decreases morbidity and mortality associated with CPB 
and DHCA. Cinacio and colleagues [6, 20] described a 
liver transplantation technique that avoided complica-
tions that were associated with CPB. After having a full 
dissection of the liver to gain access to the intrahepatic, 
suprahepatic IVC, the liver was rolled to the left. The 
central diaphragm tendon was dissected circumferen-
tially to identify the supradiaphragmatic, intrapericardial 
IVC. The RA was then softly pulled beneath the dia-
phragm into the abdomen. In case of more exposure to 
RA was needed, the central tendon was incised to expose 
the pericardium, and a pericardiotomy was performed. 
The tumor thrombus was then milked down below the 
diaphragm under the TEE monitoring, allowing to clamp 
the IVC subdiaphragmatically. However, this milking 
maneuver on tumor thrombus remains disputed, as it 
may contribute to pulmonary embolization, metastasis, 
and caval tears.

In this study, we describe a transabdominal approach 
to tumor thrombus extending to the RA, avoiding the 
mortality, morbidity, and disadvantages associated 
with CPB and DHCA. This approach is simple, feasi-
ble, and minimally invasive compared with the alter-
natives mentioned above. After the ligamentum teres 
and falciform ligament are incised. We only dissected 
the coronary ligament and diaphragm around the vena 
cava hiatus circumferentially with satisfactory mobil-
ity. The diaphragm can be raised to the cranial along 
with the IVC, and then the RA can be squeezed from 
both sides through the diaphragm. The tumor throm-
bus in RA was then “milked” down to the IVC. No 
diaphragmic incision, sternotomy, or right atriotomy 
is necessary. Moreover, transfusion requirements are 
minor compared to the alternatives mentioned earlier. 
Consequently, the operation is simplified, duration is 
significantly reduced, and complication is decreased.

We report a feasible and safe modality using a trans-
abdominal approach, avoiding diaphragmic incision, 
sternotomy, right atriotomy, or CPB, representing 
an alternative technique in the evolutionary man-
agement of RCC with RA tumor thrombus. Avoid-
ance of diaphragmic incision, sternotomy, and right 
atriotomy shortens and simplifies the procedure as 
acknowledged. This technique is not always feasible, 
mainly when the tumor thrombus infiltrates the IVC 
wall. However, with well-planned surgical tactics, we 
believe that this approach is viable and safe in well-
selected patients to avoid the potential sequelae from 
CPB and DHCA. The methodological limitations of 
the present study include the lack of a control group, 

its small sample size, and its retrospective nature with 
limited follow-up. Ideally, a prospective randomized 
controlled trial with large cohorts is needed to inves-
tigate the novel milking technique for patients with 
renal cell carcinoma and a level IV thrombus extend-
ing to the right atrium.

Conclusion
Radical nephrectomy and cavoatrial thrombus exci-
sion of the perioperative optimized patients with RCC 
and RA tumor thrombus can be performed with trans-
abdominal control of tumor thrombus. Diaphragmic 
incision, sternotomy, right atriotomy, and CPB are, 
therefore, not imperative, and these avoidances may 
simplify the operation and provide acceptable cancer 
control and mortality results. The preliminary data 
suggests this approach has an encouraging safety pro-
file and provides a surgical option for patients with 
RCC and RA tumor thrombus. This technique is appli-
cable for well-selected patients. More evidence con-
cerning the favorable role of this procedure will be 
elucidated in further studies.

Abbreviations
CPB	� cardiopulmonary bypass
DHCA	� deep hypothermic circulatory arrest
IVC	� inferior vena cava
RA	� right atrium
RCC	� renal cell carcinoma
TEE	� transesophageal echocardiography
TM	� trademark

Acknowledgements
We gratefully acknowledge Horizontal Project of Provincial Hospital Affiliated 
to Shandong First Medical University.

Authors’ contributions
Conception and design: W. H. and Z. N.; Administrative support: Z. N.; Provision 
of study materials or patients: W. H., Z. Y., Y. L. and F. C.; Collection and assembly 
of data: W. H., Z. Y., Y. L., F. C., Z. C. and Y. Z.; Data analysis and interpretation: W. 
H., Z. Y. and Z. N.; Manuscript writing: All authors; Final approval of manuscript: 
All authors.

Funding
This study was supported by the Shandong First Medical University 
(Shandong Academy of Medical Sciences) Youth Science Cultivation Funding 
Program (202201-044).

Data availability
The datasets used and/or analyzed during the current study available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study involving human participants was approved by the institutional 
review board of the Shandong Provincial Hospital (SWYX:NO.2022-080). 
Written informed consent was obtained from all the participants. The 
methods were carried out in accordance with the approved guidelines. All 
clinical research was performed on the basis of the principles expressed in the 
Declaration of Helsinki.

Consent for publication
Not applicable.



Page 6 of 6He et al. BMC Surgery          (2023) 23:252 

Competing interests
The authors declare no competing interests.

Received: 1 May 2023 / Accepted: 16 August 2023

References
1.	 Neves RJ, Zincke H. Surgical treatment of renal cancer with vena cava exten-

sion. Br J Urol. 1987;59:390–5.
2.	 Al Otaibi M, Abou Youssif T, Alkhaldi A, Sircar K, Kassouf W, Aprikian A, et al. 

Renal cell carcinoma with inferior vena caval extention: impact of tumour 
extent on surgical outcome. BJU Int. 2009;104:1467–70.

3.	 Haddad AQ, Wood CG, Abel EJ, Krabbe L-M, Darwish OM, Thompson RH, et al. 
x J Urol. 2014;192:1050–6.

4.	 Psutka SP, Leibovich BC. Management of inferior vena cava tumor thrombus 
in locally advanced renal cell carcinoma. Ther Adv Urol. 2015;7:216–29.

5.	 Hatcher PA, Anderson EE, Paulson DF, Carson CC, Robertson JE. Surgical 
management and prognosis of renal cell carcinoma invading the vena cava. J 
Urol. 1991;145:20–3. discussion 23–24.

6.	 Ciancio G, Shirodkar SP, Soloway MS, Livingstone AS, Barron M, Salerno 
TA. Renal carcinoma with supradiaphragmatic tumor thrombus: avoiding 
sternotomy and cardiopulmonary bypass. Ann Thorac Surg. 2010;89:505–10.

7.	 Wang GL, Bi H, Ye JF, Zhang HX, Ma LL. [Surgery for renal carcinoma with 
supradiaphragmatic tumor thrombus: avoiding sternotomy and cardiopul-
monary bypass]. Beijing Da Xue Xue Bao Yi Xue Ban. 2016;48:729–32.

8.	 Huang Q, Zhao G, Chen Y, Wu P, Li S, Peng C, et al. Robotic level IV Inferior 
Vena Cava Thrombectomy using an Intrapericardial control technique: is it 
safe without cardiopulmonary bypass? J Urol. 2023;209:99–110.

9.	 Mucksavage P, McDougall EM, Clayman RV. Laparoscopic transperitoneal 
nephrectomy for renal cancer: the University of California, Irvine, technique. J 
Endourol. 2011;25:195–200.

10.	 Sosa RE, Muecke EC, Vaughan ED, McCarron JP. Renal cell carcinoma extend-
ing into the inferior vena cava: the prognostic significance of the level of 
vena caval involvement. J Urol. 1984;132:1097–100.

11.	 Skinner DG, Pritchett TR, Lieskovsky G, Boyd SD, Stiles QR. Vena caval involve-
ment by renal cell carcinoma. Surgical resection provides meaningful long-
term survival. Ann Surg. 1989;210:387–92. discussion 392–394.

12.	 Staehler G, Brkovic D. The role of radical surgery for renal cell carcinoma with 
extension into the vena cava. J Urol. 2000;163:1671–5.

13.	 Ergin MA, Galla JD, Lansman s L, Quintana C, Bodian C, Griepp RB. Hypo-
thermic circulatory arrest in operations on the thoracic aorta. Determinants 
of operative mortality and neurologic outcome. J Thorac Cardiovasc Surg. 
1994;107:788–97. discussion 797–799.

14.	 Okita Y, Takamoto S, Ando M, Morota T, Matsukawa R, Kawashima Y. Mortality 
and cerebral outcome in patients who underwent aortic arch operations 
using deep hypothermic circulatory arrest with retrograde cerebral perfusion: 
no relation of early death, stroke, and delirium to the duration of circulatory 
arrest. J Thorac Cardiovasc Surg. 1998;115:129–38.

15.	 Novick AC, Kaye MC, Cosgrove DM, Angermeier K, Pontes JE, Montie JE, et al. 
Experience with cardiopulmonary bypass and deep hypothermic circulatory 
arrest in the management of retroperitoneal tumors with large vena caval 
thrombi. Ann Surg. 1990;212:472–6. discussion 476–477.

16.	 Stewart JR, Carey JA, McDougal WS, Merrill WH, Koch MO, Bender HW. 
Cavoatrial tumor thrombectomy using cardiopulmonary bypass without 
circulatory arrest. Ann Thorac Surg. 1991;51:717–21. discussion 721–722.

17.	 Welz A, Schmeller N, Schmitz C, Reichart B, Hofstetter A. Resection of hyper-
nephromas with vena caval or right atrial tumor extension using extracorpo-
real circulation and deep hypothermic circulatory arrest: a multidisciplinary 
approach. Eur J Cardiothorac Surg. 1997;12:127–32.

18.	 Ruel M, Bedard P, Morash CG, Hynes M, Barber GG. Resection of right atrial 
tumor thrombi without circulatory arrest. Ann Thorac Surg. 2001;71:733–4.

19.	 Shinghal R, Vricella LA, Mitchell RS, Presti J. Cavoatrial tumor thrombus exci-
sion without circulatory arrest. Urology. 2003;62:138–40.

20.	 Ciancio G, Soloway M. Renal cell carcinoma invading the hepatic veins. 
Cancer. 2001;92:1836–42.

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


	﻿A novel technique for avoidance of sternotomy, diaphragmic incision and cardiopulmonary bypass during cavoatrial tumor thrombectomy for renal cell carcinoma with intraatrial tumor thrombus: a case series at a single center
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Patients
	﻿Surgical technique

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


