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Abstract
In patients with renal cell carcinoma (RCC) and cancer-related thrombosis in the inferior vena cava (IVC)
or right atrium (AT), it is still unknown whether nephrectomy, anesthesia, and surgical trauma can cause
postoperative acute kidney injury (AKI) and what are the risk factors for AKI. To examine the incidence
and risk factors of postoperative AKI in patients who underwent unilateral radical nephrectomy and
cardiopulmonary bypass (CPB)-assisted thrombectomy in the IVC and/or atrial AT due to RCC
complicated with cancer-associated thrombosis. This retrospective study included patients who
underwent unilateral radical nephrectomy and CPB-assisted thrombectomy in the inferior vena cava
and/or atrial pulmonary artery due to RCC, under general anesthesia, from December 2011 to June 2015,
at Peking University First Hospital. Among 31 patients, 15 (48.4%) had postoperative AKI. Compared with
the non-AKI group (n = 16), patients in the AKI group (n = 15) were older (59.0 ± 8.7 vs. 48.5 ± 12.9 years, P 
= 0.012) had smaller intraoperative urine volume (1225 ± 639 vs. 1685 ± 597 mL, P = 0.048). There were
no differences in preoperative creatinine clearance. Age (OR = 1.10, 95%CI: 1.02–1.20, P = 0.020) was
independently associated with AKI occurrence. The patients undergoing unilateral radical nephrectomy
and CPB-assisted IVC thrombectomy have a high rate of AKI. Older ones are at a higher risk of
postoperative AKI.

Introduction
Renal cell carcinoma (RCC) is a heterogeneous group of kidney cancers comprising many histologic
subtypes, with clear cell histology being the most common subtype 1. Of all cancers in the urinary system,
RCC accounts for about 3% of all cancers 2, with estimated 403,262 new cases and 175,098 deaths in
2018 3. RCC most commonly affects elderly persons aged 60–70 years 1,4. Men are twice as likely to be
affected as women 3. The cause of the disease is likely multifactorial, involving genetic predisposition
and environmental in�uences. The most common risk factors include tobacco smoking, hypertension,
obesity, and genetic risk factors such as von Hippel-Lindau disease 1,4,5. Most renal cell carcinomas are
detected incidentally. For nonincidental detection, typical presentation is a triad of �ank pain, gross
hematuria, and palpable abdominal mass 1,4,5. The 5-year relative survival of patients with kidney and
renal pelvic cancer is 93% for localized disease, 69% for regional disease, and 12% for the distant-stage
disease 6.

RCC complicated with cancer-associated thrombosis in the renal vein or inferior vena cava or even in the
right atrium is a challenge in RCC treatment 7–10. Vascular invasion occurs in about 10% of the cases of
RCC 9 and drastically change the staging (stage 3, irrespective of tumor size), prognosis, and surgical
strategy 9. The surgical strategy for such RCCs is radical nephrectomy combined with inferior vena cava
or right atrial thrombectomy, which, in di�cult cases, is performed with the help of cardiopulmonary
bypass (CPB) 8,11.
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It is still unknown in such patients whether nephrectomy, anesthesia, and surgical trauma can cause
postoperative acute kidney injury (AKI) and the risk factors for AKI 12. Therefore, this study aimed to
examine the incidence and risk factors of postoperative AKI in patients who underwent unilateral radical
nephrectomy and CPB-assisted thrombectomy in the inferior vena cava and/or atrial pulmonary artery
due to RCC complicated with cancer-associated thrombosis in the inferior vena cava or right atrium.

Results
Characteristics of the patients

This study included 31 patients (17 males and 14 females). Fifteen (48.4%) had postoperative AKI (Table
1). Compared with the non-AKI group, patients in the AKI group were older (59.0±8.7 vs. 48.5±12.9 years,
P=0.012). There were no differences in Ccr (P=0.705). Compared with the non-AKI group, patients in the
AKI group had smaller intraoperative urine volume (1225±639 vs. 1685±597 mL, P=0.048), while there
were no differences in the amount of allogeneic red blood cells needed, duration of CPB, operation
duration, and CPB cannulation (all P>0.05). One patient in the AKI group required renal replacement
therapy and died during the perioperative period.

Risk factors for postoperative AKI

Table 2 shows that age (P=0.012), intraoperative urine volume (P=0.048) were associated with the
occurrence of postoperative AKI. Multivariable analysis indicated that age (OR=1.10, 95%CI: 1.02-1.20,
P=0.020) was independently associated with AKI occurrence.

Discussion
The results suggest that the patients undergoing unilateral radical nephrectomy and CPB-assisted inferior
vena cava thrombectomy have a high AKI rate. Age is associated with the occurrence of AKI in such
patients.

Renal cancer complicated with cancer-associated thrombosis in the inferior vena cava or even the atrium
is challenging 7–10. In the early days, targeted therapy was used in most cases. In recent years, some
large surgical centers in China have been performing radical nephrectomy and inferior vena cava
thrombectomy with the emergence of more advanced surgical instruments, anesthetic, and surgical
techniques 10,14−17. Compared with other therapies, radical nephrectomy combined with thrombectomy
can signi�cantly extend patients’ overall survival and improve their 5-year survival rate 18. Cancer-
associated embolism is graded according to the �ve-grade rating method of the Mayo Clinic, and the
surgery is performed according to the grade. Grade 0 cancer-associated thrombosis can be removed
without blocking the inferior vena cava. Grades I and II cancer-associated thrombosis can be removed by
only blocking the proximal and distal inferior vena cava and the contralateral renal vein momentarily. For
grades III and IV cancer-associated thrombosis, it is suggested to perform CPB to control the
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hemodynamics and cause deep hypothermic circulatory arrest (DHCA). Cancer-associated thrombosis in
the right atrium should be completely removed, requiring CPB and DHCA 19. About 38% of the patients
undergoing surgery have postoperative complications, and 4%-10% die during the perioperative period 20.
According to the literature, postoperative complications are mainly related to the grade of cancer-
associated thrombosis. Speci�cally, the incidence of postoperative complications in patients with grade I
cancer-associated thrombosis is 18% and increases to 20% in grade II, 26% in grade III, and 47% in grade
IV 21. Bleeding, pulmonary embolism, incision infection, and acute renal failure are common
postoperative complications in patients with grade IV cancer-associated thrombosis, as reported in the
literature 7–10, 22.

The occurrence of postoperative AKI might be related to the surgical procedures, such as the use of CPB,
great blood pressure �uctuations due to poor control of intraoperative blood pressure, and use of colloids
during surgery, so after the CPB-aided surgery for renal cancer complicated with cancer-associated
thrombosis, in which one kidney is removed, the nephron number drops by half, and the patient is more
prone to AKI. However, our results indicated that there was no obvious signi�cant difference in CPB
duration between patients with AKI or not.

For anesthesia during radical nephrectomy and CPB-aided inferior vena cava thrombectomy, the main
di�culties are the risks of intraoperative bleeding and embolism due to detachment of the cancer-
associated thrombosis when it is being removed during surgery, as well as instability of the circulatory
system after vessel blocking, which would cause severe �uctuations and ischemic injury of vital organs
7–10, 23. Before surgery, the surgeon should have full access to the tumor’s location and should grade the
cancer-associated thrombosis and determine the speci�c surgical procedures. As the right renal vein is
shorter than the left renal vein, renal cancer complicated with cancer-associated thrombosis in the inferior
vena cava on the right is more common than on the left, and surgery for cancer-associated thrombosis of
grade ≥ II on the left is more di�cult than that on the right. Moreover, su�cient amounts of blood
products should be prepared before surgery because blood loss during the surgery for grade III cancer-
associated thrombosis can be up to 2000 mL, and the blood loss during surgery for grade IV cancer-
associated thrombosis can be up to 4000 mL. For patients needing CPB, plasma, �brinogen, and platelets
should also be prepared 24. DHCA should be provided during the CPB-assisted surgery for grade IV
cancer-associated thrombosis, but CPB and hypothermia can have a higher risk of acute renal failure 25.
The patient should be given appropriate volume enlargement before CPB and be given vasoactive drugs
to maintain the central venous pressure at the higher normal value, to avoid a sharp drop in the volume of
returned blood and the blood pressure after blocking. During blocking, the �uid infusion should be limited,
and α-receptor agonists and venous dilators should be given to maintain the CVP at the lower normal
value, to avoid acute heart failure or pulmonary edema due to a great volume of returned blood when the
inferior vena cava is opened 15. In this study, the difference in anesthesia duration between the two
groups was not statistically signi�cant, suggesting that anesthesia duration was not signi�cantly related
to postoperative renal function impairment or renal failure. Moreover, our research also demonstrated that
surgical trauma in patients may have no obvious difference in non-AKI group and AKI group. Patients
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with renal cancer are older, have decreased physical functions and comorbidities, and have poorer
glomerular �ltration than young people, which causes a higher incidence of AKI 17. Results of this study
corroborated such a conclusion since age was the only associated risk factor. Our results suggest that
more attention should be paid to older patients after surgery.

This study has limitations. It was a retrospective study with a small sample size from a single center.
This study carries all the biases inherent to retrospective analyses.

In conclusion, patients undergoing unilateral radical nephrectomy and CPB-assisted thrombectomy in the
inferior vena cava or atrial pulmonary artery are at risk of postoperative AKI. Of such patients, older ones
are at a higher risk of postoperative AKI.

Methods
The study protocol was approved by the Ethics Committees of the Jilin Cancer Hospital. All methods were
performed in accordance with the relevant guidelines and regulations. The included patients all provided
signed informed consent.

Study design

This retrospective study included patients who underwent unilateral radical nephrectomy and CPB-
assisted thrombectomy in the inferior vena cava and/or atrial pulmonary artery due to RCC, under general
anesthesia, from December 2011 to June 2015, at the Department of Urology of Peking University First
Hospital.

Surgical intervention

The patients received preoperative imaging examinations, including 4D cardiac imaging, pulmonary
arteriovenous angiography, and peripheral angiography. They were examined in detail before anesthesia
for liver and kidney functions and blood routine and electrolyte indicators, especially heart and lung
functions. Anesthesia induction was performed with endotracheal intubation and 0.2-0.3 mg/kg of
midazolam, 0.2-0.3 μg/kg of sufentanil, 0.6 mg/kg of rocuronium bromide, 1.5-2 mg/kg of propofol, and
2-3 ng/mL of the remifentanil target control. Continuous infusion of 4-6 mg/kg/h of propofol and
intermittent infusion of sufentanil, midazolam, pancuronium bromide, or rocuronium bromide were
performed for anesthesia maintenance. Internal jugular vein catheterization was performed for blood and
�uid transfusion, and artery puncture was performed to monitor the patients’ arterial pressure.

During unilateral radical nephrectomy, the patient was in the supine position. A median sternotomy was
performed, and CPB was carried out through aortic cannulation or aortofemoral/right subclavian arterial
cannulation based on the extent of tumor invasion. During CPB, the patient was given 3 mg/kg of heparin
via a central venous catheter. The dose was adjusted to maintain the activated clotting time (ACT)
between 480 and 600 s. After CPB, the patient was given protamine antagonists. The patient’s vital signs,
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ECG, central venous pressure (CVP), mean arterial pressure (MAP), oxyhemoglobin saturation,
nasopharyngeal temperature, and rectal temperature were monitored during surgery.

Observational indicators

The demographic information, complications, and preoperative baseline serum creatinine (Scr) of
patients were collected. The patient’s intraoperative allogeneic red blood cells (U), CPB duration, operation
duration, anesthesia duration, intraoperative urinary volume and stay time in ICU, the number of patients
needing aortic cannulation during surgery, the number of patients who died during the perioperative
period, and the number of patients needing the renal replacement therapy were observed and taken as
assessment indicators.

Diagnostic standard for AKI and grouping

The Kidney Disease Improving Global Outcomes (KDIGO) criteria were used to diagnose postoperative
AKI 13. A patient was diagnosed with postoperative AKI if, after surgery, Scr increased by 0.3 mg/dL (26.5
μmol/L) or more in 48 h or the Scr increased to 1.5 times the baseline value or higher in 7 days, or the
urine volume was <0.5 ml/kg/h for 6 consecutive h. The patients were grouped into the AKI group and the
non-AKI group.

Statistical analysis

SPSS 15.0 (SPSS Inc., Chicago, IL, USA) was used for data analysis. Continuous variables are expressed
as means ± standard deviations (SD) and were analyzed using Student’s t-test. Categorical variables are
presented as n (%) and were analyzed using the chi-square test. Univariable and multivariable logistic
regression analysis was used to identify the risk factors for AKI. Variables with P<0.10 in the univariable
analyses were included in the multivariable analysis. Two-sided P-values <0.05 were deemed statistically
signi�cant.
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Table 1. Characteristics of the patients
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Characteristics Non-AKI (n=16) AKI (n=15) P

Male, n (%) 8 (50.0) 9 (60.0) 0.552

Age (mean ± SD, years) 48.5±12.9 59.0±8.7 0.012

Body mass index (mean ± SD, kg/m2) 22.5±2.3 23.4±3.2 0.407

Hypertension, n (%) 4 (25.0) 8 (53.3) 0.183

Smoking, n (%) 6 (37.5) 5 (33.3) 0.611

Diabetes, n (%) 3 (18.8) 4 (26.7) 0.793

Preoperative Scr (mean ± SD, μmol/L) 101.0±28.2 85.4±20.9 0.094

Preoperative CCr (mean ± SD, mL/min) 73.1±19.9 76.3±25.8 0.705

Intraoperative allogeneic red blood cell (mean ± SD, U) 5.47±2.88 5.31±2.96 0.884

CPB duration (mean ± SD, min) 32.5±17.1 41.4±24.3 0.247

Operation duration (mean ± SD, min) 456±93 474±94 0.604

Anesthesia duration (mean ± SD, min) 495±95 536±99 0.249

Intraoperative urine volume (mean ± SD, mL) 1685±597 1225±639 0.048

Aortic cannulation, n (%) 9 (56.3) 12 (80.0) 0.458

Stay time in ICU (mean ± SD, h) 51.7±25.1 90.0±80.3 0.088

Perioperative death, n (%) 0 1 (6.7)  

Renal replacement therapy, n (%) 0 1 (6.7)  

AKI: acute kidney injury; Scr: serum creatinine; CCr: creatinine clearance; CPB: cardiopulmonary bypass;
ICU: intensive care unit.

Table 2. Logistic regression analysis of risk factors for AKI

Characteristics Univariable Multivariable

P OR (95% CI) P

Age 0.012 1.10 (1.02-1.20) 0.020

Preoperative Scr 0.094 0.97 (0.93-1.00) 0.082

Intraoperative urine volume 0.048 --- ---

Stay time in ICU 0.088 --- ---
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AKI: acute kidney injury; OR: odds ratio; CI: con�dence interval; Scr: serum creatinine; ICU: intensive care
unit.


