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ABSTRACT
 

Purpose: Renal artery pseudoaneurysms (RAPs) and arteriovenous fistulas (AVFs) are 
rare but potentially life-threatening complications after partial nephrectomy (PN). 
Selective arterial embolization (SAE) is an effective method for controlling RAPs/AVFs. 
We assessed the clinical factors affecting the occurrence of RAPs/AVFs after PN and the 
effects of SAE on postsurgical renal function.
Materials and Methods: Four hundred ninety-three patients who underwent PN were 
retrospectively reviewed. They were placed in either the SAE or the non-SAE group. The 
effects of clinical factors, including R.E.N.A.L. scores, on the occurrence of RAPs/AVFs were 
analyzed. The influence of SAE on the estimated glomerular filtration rate (eGFR) during the 
first postoperative year was evaluated.
Results: Thirty-three (6.7%) patients experienced RAPs/AVFs within 8 days of the median 
interval between PN and SAE. The SAE group had significantly higher R.E.N.A.L. scores, 
higher N component scores, and higher L component scores (all, p <0.05). In the multivariate 
analysis, higher N component scores were associated with the occurrence of RAPs/AVFs 
(Odds ratio: 1.96, p=0.039). In the SAE group, the mean 3-day postembolization eGFR was 
significantly lower than the mean 3-day postoperative eGFR (p <0.01). This difference in the 
eGFRs was still present 1 year later.
Conclusions: Renal tumors located near the renal sinus and collecting system were associated 
with a higher risk for RAPs/AVFs after PN. Although SAE was an effective method for 
controlling symptomatic RAPs/AVFs after PN, a procedure-related impairment of renal 
function after SAE could occur and still be present at the end of the first postoperative year.
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INTRODUCTION

Partial nephrectomy (PN) is an optimal treat-
ment for small renal masses (1). It is associated with a 

lower risk of reduced renal function but also oncolo-
gical outcomes and morbidities that are comparable 
to those associated with radical nephrectomy (2, 3). 
In contrast to radical nephrectomy, PN is associated 
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with a greater risk for the development of vascular 
lesions and symptomatic hemorrhagic complications, 
namely renal artery pseudoaneurysms (RAPs) or 
arteriovenous fistulas (AVFs) (4, 5). RAPs and 
AVFs are relatively rare hemorrhagic complica-
tions. However, they are potentially life-threa-
tening. Thus, rapid clinical evaluation and tre-
atment are required. Until recently, some of the 
clinicopathologic factors in RAPs and AVFs after 
PN have been reported (6-8). In addition, the ap-
proach using a nephrometry scoring system to 
identify the correlation between tumor comple-
xity and hemorrhagic complications has been 
recently introduced (9, 10). However, there is no 
consensus on the variables for consistent predic-
tions of the occurrence of symptomatic hemor-
rhagic complications.

 Selective arterial embolization (SAE) is a safe 
and successful method for controlling hemorrhagic 
complications after PN (5, 11, 12). Despite the effi-
cacy of this procedure, few studies have addressed its 
effects on postsurgical renal function (8, 13). In addi-
tion, most of these studies examined renal function 
only within 1 to 2 weeks after SAE. Changes in renal 
function for at least 1 year after SAE have rarely been 
investigated.

 Thus, the aim of the current study was to 
identify the clinical factors, including the R.E.N.A.L. 
nephrometry score, in the occurrence of RAPs and 
AVFs after PN. The study also sought to determine 
the effects of these hemorrhagic complications and 
SAE on post-PN renal function in the short-term and 
at the 1-year follow-up.

MATERIALS AND METHODS

Study population
 The institutional review boards of three ter-

tiary care centers in South Korea approved the retros-
pective study (IUBPH-18-0165, PNUH-E-2016095, 
KNUMC-13-1009). Between 2007 and 2016, a total 
of 512 patients with renal tumors underwent PN at 
these three institutions. Of the 512 patients, those 
who had multiple renal tumors resected or incomple-
te follow-up data were excluded. In all, 493 patients 
were included in the present study.

 All the patients underwent either open or la-
paroscopic PN. Open retroperitoneal PN was perfor-

med by flank subcostal incision or eleventh rib 
transcostal incision. Laparoscopic PN was perfor-
med by using the standard four-port transperito-
neal access. The operative technique was decided 
by the surgeon on the basis of tumor complexity 
and his experience. The renal artery alone was 
clamped with a Bulldog clamp, and all the proce-
dures were performed under warm ischemia with 
or without intravenous mannitol administration. 
The renal tumor was resected by enucleoresection 
with a margin of approximately 0.5cm maintai-
ned around the tumor. A running medullary su-
ture was applied after resection of tumor with 
absorbable polyglacin or poliglecaprone sutures. 
Cortical renorrhaphy by single-layer interrupted 
or running suturing was applied with absorbable 
sutures based on surgeon’s experience. All the 
procedures were performed by five surgeons with 
more than 10 years of experience in PN at three 
tertiary care centers.

 The occurrences of RAPs or AVFs were col-
lected and analyzed. In all the patients who presented 
with symptoms such as gross hematuria and flank 
pain, biphasic contrast-enhanced computed tomo-
graphy (CT) scans of the arterial and venous phases 
of the abdomen were performed. All symptomatic 
RAPs or AVFs were treated with SAE through the use 
of endovascular coils. The clinical success of the pro-
cedure was defined as the relief of symptoms and the 
lack of a need for further SAE or surgical interven-
tion. The patients were placed into two groups: SAE 
and non-SAE. In the SAE group were the patients 
whose symptomatic vascular lesions had been treated 
with SAE. In the non-SAE group were those who had 
not experienced symptomatic RAPs or AVFs.

 The clinical data on the demographic cha-
racteristics, the presence of anticoagulant therapy (ei-
ther vitamin K antagonists or antiplatelet agents) for 
cardiovascular disease prevention and treatment, the 
surgical procedure, and the preoperative and follow-
-up visits were collected retrospectively. The patients 
received recommendations to discontinue any anti-
coagulants 5-7 days before surgery and to restart 7 
days after PN.

Preoperative R.E.N.A.L. nephrometry score cal-
culation and glomerular filtration rate estima-
tion based on renal function follow-up
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 A preoperative contrast-enhanced CT scan 
was used to determine the renal tumor characteris-
tics. The R.E.N.A.L. nephrometry scoring system was 
retrospectively re-assessed by three urologists with 
experience in nephrometry scores in accordance with 
the published protocols (14).

 The serum creatinine levels were measured 
at each institution. The total estimated glomerular 
filtration rate (eGFR) was calculated with the Modi-
fication of Diet in Renal Disease formula: GFR (mL/
min/1.73 m2)=186 × (serum creatinine)-1.154 × (age)-0.203 
× (0.742 if female) (15). The eGFR was determined 1 
day before and 3 days after PN and 1 day before and 
3 days after SAE. The postoperative 12-month eGFR 
was also determined regardless of SAE status. Any 
patient with an eGFR lower than 60 mL/min/1.73m2 
was defined as having chronic kidney disease (CKD).

Statistical Analysis

 Statistical analyses were performed in SPSS, 
version 24 (IBM Corp., Armonk, NY, USA) and Med-
Calc, version 18.9 (MedCalc Software bv, Ostend, 
Belgium). The variables are presented as means with 
standard deviations, medians with interquartile ran-
ges (IQRs), and counts with percentages or propor-
tions. The Mann-Whitney U test was used to compare 
the quantitative parameters, and Fisher’s exact test 
was used to compare the qualitative parameters. Uni-
variate logistic regression was used to identify the 
clinicopathologic factors that might have affected the 
occurrence of RAPs after PN. Finally, a multivariate 
logistic regression model, which was used in con-
junction with the a standard entry method, was ap-
plied to the potential covariates. The odds ratios (ORs) 
and 95% confidence intervals (CIs) were determined 
by using the reference groups. The eGFR values at 
different pre-surgery and pre- and post-embolization 
time points were compared via a paired sample t-test. 
All the statistics were considered significant at a p-
-value of <0.05.

RESULTS

 Of the 493 patients, 33 (6.7%) experienced 
symptomatic RAPs or AVFs: 28 cases of RAPs and 
5 of AVFs within a median of 8 days (3-113 days) 
between surgery and the onset of symptomatic RAPs 

or AVFs. None of the patients had an asymptomatic 
RAP or AVF that required SAE, and none of the pa-
tients with symptomatic RAPs or AVFs chose conser-
vative treatment. Twenty-seven patients (81%) exhi-
bited gross hematuria, and 6 (19%) complained of 
flank pain. The SAE group had a higher probability 
than the non-SAE group of having more complex tu-
mors, as quantified by the R.E.N.A.L. nephrometry 
scores (intermediate complexity, 81.8% vs. 59.1%; 
high complexity, 9.1% vs. 2.8%; p <0.001). Simi-
larly, an examination of the individual component 
scores indicated that the SAE group had more tu-
mors closer to the collecting system (N compo-
nent; p=0.019) and the renal hilum (L component; 
p=0.036). No significant difference was observed 
with regard to age, sex, tumor size, Charlson co-
morbidity index, pre-surgery anticoagulant thera-
py, or surgical approach. The characteristics of the 
study population are summarized in Table-1.

 In the univariate analysis, the higher N 
component score (OR: 2.06; CI, 1.09-3.88; p=0.026) 
and the higher L component score (OR: 1.52; CI, 
1.02-2.26; p=0.039) were risk factors for RAPs or 
AVFs (Table-2). The Charlson comorbidity index, 
preoperative anticoagulant therapy, and surgical 
approach were not predictive of the occurrence of 
RAPs or AVFs. In the multivariate analysis, the hi-
gher N component score (OR: 1.96; CI, 1.04-3.71; 
p=0.039) was associated with a significantly incre-
ased risk of RAPs or AVFs.

 All RAPs and AVFs were successfully treated 
in a single SAE session. Table-3 and Figure-1 show 
the mean eGFR values and a paired comparison of 
the eGFR values of the entire cohort at different time 
points before surgery, as well as before and after SAE. 
The mean 3-day postoperative eGFRs for the SAE 
and non-SAE groups were 77.8±25.3mL/min/1.73m2 
and 79.4±20.2mL/min/1.73m2, which were lower 
than the mean preoperative eGFRs (85.7±26.7mL/
min/1.73m2 and 91.6±20.7mL/min/1.73m2, respecti-
vely). This reflected a loss of functional renal paren-
chyma during PN. In the SAE group, the mean pos-
tembolization eGFR values at 3 days, 6-11 months, 
and 12 months postoperative were significantly lo-
wer than the mean 3-day postoperative eGFR values 
(70.5±26.7, 70.7±20.9, and 69.4±19.9mL/min/1.73m2 
vs. 77.8±25.3mL/min/1.73m2, all, p <0.01). This di-
fference was still present at the 1-year postoperative 
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Table 1 - Demographic and clinical characteristics of 493 patients.

Characteristics
SAE group 

(33 patients)
Non-SAE group
(460 patients)

p value

Age, years (median, IQR) 60 (40-74) 58 (28-82) 0.376

Gender, n (%)  

Male 26 (78.8) 292(63.5) 0.076

Female 7 (21.2) 168(36.5)

Body mass index, kg/m2 (median, IQR) 25.1 (20.2-31.2) 24.5 (16.9-33.1) 0.180

Charlson comorbidity index, n (%)

0-1 1 (3.0) 88 (19.1) 0.243

2 11 (33.3) 117 (25.4)

3 10 (30.3) 98 (21.3)

≥4 11 (33.3) 157 (34.1)

Diabetes mellitus, n (%)

No 28 (84.8) 388 (84.3) 0.939

Yes 5 (15.2)  72 (15.7)

Hypertension, n (%)

No 17 (51.5) 269 (58.6) 0.434

Yes 16 (48.5) 191 (41.5)

Chronic Kidney Disease, n (%)

No 30 (90.9) 444 (96.5) 0.127

Yes 3 (9.1) 16 (3.5)

Anticoagulation therapy, n (%)

No 26 (78.8) 398 (86.5) 0.202

Yes 7 (21.2) 62 (13.5)

R.E.N.A.L score (4-6/7-9/10-12)

Low complexity (4-6) 3 (9.1) 175 (38.0) < 0.001

Intermediate complexity (7-9) 27 (81.8) 272 (59.1)

High complexity (10-12) 3 (9.1) 13 (2.8)

Radius : maximal diameter, n (%)

1 (≤ 4 cm) 27 (81.8) 405 (88.0) 0.579

2 (between 4 and 7 cm) 6 (18.2) 45 (9.8)

3 (> 7 cm) 0 (0.0) 10 (2.2)
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Exophytic/Endophytic property, n (%)

1 (≥ 50 %) 11 (33.3) 215 (46.7) 0.065

2 (< 50 %) 17 (51.5) 210 (45.7)

3 (entirely endophytic) 5 (15.2) 35 (7.6)

Nearness to collecting system or renal sinus, n (%)

1 (≥ 7 mm) 2 (6.1) 99 (21.5) 0.019

2 (between 4 and 7 mm) 3 (9.1) 58 (12.6)

3 (≤ 4 mm) 28 (84.8) 303 (65.9)

Anterior/posterior, n (%)

a (anterior) 21 (63.6) 277 (60.2) 0.698

p (posterior) 12 (36.4) 183 (39.8)

Location : relative to the polar line, n (%)

1 (entirely superior or inferior to polar line) 11 (33.3) 255 (55.4) 0.036

2 (crosses polar line) 10 (30.3) 85 (18.5)

3 (>50% of mass is across polar line
Or mass crosses a axial midline
Or mass is between polar lines)

12 (36.4) 120 (26.1)

Tumor size, cm (median, IQR) 2.7 (0.8-5.4) 2.5 (0.8-5.2) 0.643

Malignant tumor, n (%)

No 4 (12.1) 61 (13.3) 1.000

Yes 29 (87.9) 399 (86.7)

Positive surgical margin, n (%)

No 31 (93.9) 437 (95.0) 0.680

Yes 2 (6.1) 23 (5.0)

Surgical approach, n (%)

Open 18 (54.5) 256 (55.7) 0.902

Laparoscopic 15 (45.5) 204 (44.3)

Medullary suture, n (%)

No 1 (3.0) 11 (2.4) 0.569

Yes 32 (97.0) 449 (97.6)

Estimated blood loss, mL (median, IQR) 420 (80-1200) 400 (50-1237) 0.097

Warm ischemic time, min (median, IQR) 21 (12-42) 20 (5-44) 0.225

SAE = selective arterial embolization; IQR = interquartile range
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follow-up. However, the mean 3-day postoperative 
eGFR values in the non-SAE group were still the 
same at the 1-year postoperative follow-up.

DISCUSSION

 RAPs and AVFs are rare postoperative com-
plications of PN. The reported incidence after PN 
ranges from 0.43% to 2.6% for both open and lapa-

Table 2 - Univariate and multivariate logistic regression analysis of factors influencing the occurrence of RAP or AVF after 
partial nephrectomy.

 
Univariate Multivariate

OR 95% CI p value OR 95% CI p value

Age 1.02 (0.98-1.05) 0.38

Gender (male/female) 0.47 (0.19-1.10) 0.08

Body mass index 1.07 (0.97-1.18) 0.18

Charlson comorbidity index (every 1unit 
increase)

1.13 (0.93-1.38) 0.23

Diabetes mellitus (no/yes) 0.96 (0.36-2.58) 0.94

Hypertension (no/yes) 1.33 (0.65-2.69) 0.44

Chronic Kidney Disease (no/yes) 2.78 (0.77-10.05) 0.12

Anticoagulation therapy (no/yes) 1.73 (0.72-4.15) 0.22

R.E.N.A.L score

R (every 1unit increase) 1.25 (0.57-2.73) 0.58

E (every 1unit increase) 1.65 (0.96-2.82) 0.07

N (every 1unit increase) 2.06 (1.09-3.88) 0.026 1.96 (1.04-3.71) 0.039

A (Anterior/Posterior) 0.87 (0.42-1.80) 0.69

L (every 1unit increase) 1.52 (1.02-2.26) 0.039 1.44 (0.96-2.16) 0.075

Tumor size 1.06 (0.82-1.37) 0.64

Malignant tumor (no/yes) 1.11 (0.38-3.26) 0.85

Positive surgical margin (no/yes) 1.23 (0.28-5.44) 0.79

Surgical approach (Open/Laparoscopic) 1.05 (0.51-2.13) 0.90

Medullary suture (no/yes) 0.78 (0.10-6.26) 0.82

Estimated blood loss 1.00 (1.00-1.00) 0.09

Warm ischemic time 1.02 (0.99-1.06) 0.22

eGFR (Pre-operative) 0.99 (0.98-1.01) 0.58

eGFR = estimated glomerular filtration rate 

roscopic PNs (10). In the current study, 6.7% patients 
were identified as being affected by these symptoma-
tic hemorrhagic complications after nephron sparing 
surgery (NSS). The incidence was higher than that 
in previous studies. The reason might have been the 
proactive inspection and intervention upon the initial 
presentation of symptoms.

 The precise etiology of these hemorrhagic 
complications is unknown. However, RAPs are thou-
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ght to arise from renal artery branch transection or 
puncturing during tumor resection and suture liga-
tion of the resection bed (4, 16). The damaged renal 
artery branch is initially covered by vascular adventi-
tia, renal parenchyma, or hematoma. However, a few 
days later, high pressure arterial blood eventually 
extravasates into the extravascular space and adja-
cent collecting system, causing perirenal hematoma 
or hematuria. Similarly, an AVF may form when both 
an artery and a nearby vein are injured, resulting in 
blood crossing from a higher pressure system directly 
into the adjacent vein (4, 11).

 A nephrometry scoring system was initially 
developed to assess the overall complexity and resec-
tability of renal tumors. Of the various kinds of ne-

phrometry scores, the R.E.N.A.L. nephrometry score 
is the most widely used for preoperatively defining 
renal masses (14, 17). Several previous studies have 
proposed that there is a correlation between nephro-
metry scores and the incidence of RAPs. However, 
the predictive value of the R.E.N.A.L. nephrometry 
scoring system for the occurrence of hemorrhagic 
complications after PN is controversial. A recent stu-
dy by Jung et al. failed to demonstrate an associa-
tion between the R.E.N.A.L. nephrometry score and 
bleeding risk (7). The results of a univariate analysis 
in a subsequent study by Omae et al. found the N 
component in the R.E.N.A.L. nephrometry score to be 
a statistically significant predictor of RAPs. However, 
the results of a multivariate analysis showed signi-

Table 3 - Mean eGFR values and paired comparison at different time points before surgery, before and after embolization.

SAE group (33 patients) Non-SAE group (460 patients)

Time point
Mean eGFR

(mL/min/1.73m2)
95% CI ST. Dev.

Mean eGFR
(mL/min/1.73m2)

95% CI
ST. 
Dev.

Pre-operative 85.7 76.3-95.2 26.7 91.6
88.7-
94.4

20.7

Post-operative 3 days 77.8 68.8-86.8 25.3 79.4
76.6-
82.1

20.2

Post-embolization 3 days 70.5 61.1-79.9 26.7 - - -

Post-embolization 6-11 
months

70.7 63.2-78.1 20.9 - - -

Post-operative 12 months 69.4 62.4-76.5 19.9 79.2
76.5-
81.8

19.1

Paired comparison t value df
Sig 

(two-
tailed)

t value df
Sig 

(two-
tailed)

Pre-operative vs. Post-
operative 3 days

-3.05 32 0.004 -14.56 459 < 0.001

Post-operative 3 days vs. 
Post-embolization 3 days

-3.35 32 0.002 - - -

Post-operative 3 days vs. 
Post-embolization 6-11 
months

-3.85 32 < 0.001 - - -

Post-operative 3 days vs. 
Post-operative 12 months

-2.91 32 0.006 -0.15 459 0.88
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Figure 1 - Mean eGFR values and paired comparison at different time points before surgery, before and after embolization.

ficance for only renal sinus exposure (9). Although 
Gupta et al. did not directly evaluate the risk of RAP 
formation, their multivariate analysis indicated that 
a higher R.E.N.A.L. score is associated with an in-
creasing likelihood of multiple RAPs (10). Similarly, 
our results also confirmed that patients with renal 
tumors that are closer to the renal sinus or collecting 
system have a higher incidence and probability of 
experiencing RAPs or AVFs. The main clinical rele-
vance of these results is the need for careful suturing 
of the renal bed, such as the early unclamping of the 
renal artery prior to renorrhaphy during PN (18). In 
addition, close observation is necessary during posto-
perative care in the cases in which more complex and 
centralized tumors develop.

 The statistical model in the present study in-
dicated that the other factors, including preoperative 
anticoagulant treatment, comorbidities, and patho-
logic characteristics, were not significant. Although 
robot-assisted PN was not included, no difference in 
the RAP or AVF occurrence rate was observed with 
the open and laparoscopic approaches. However, a 
systematic review reported that after minimally inva-
sive PN, the incidence of RAPs was higher than that 
after open approaches (5). This discrepancy could be 

attributed to several factors, including the effects of 
the surgeon’s experience in minimally invasive PN 
and the various suturing techniques during PN (19, 
20). Therefore, a further well-designed systematic re-
view is warranted for selecting an appropriate surgi-
cal approach that lowers the incidence of complica-
tions.

 SAE for controlling renal biopsy-related 
AVFs was first reported in 1973 (21). Since then, it 
has become the first-line therapy for iatrogenic vas-
cular lesions after urologic procedures, such as PN 
and percutaneous nephrolithotomy. Several studies 
have demonstrated the safety and efficacy of SAE for 
controlling hemorrhagic complications after PN (4, 
10, 22). In the present study, 33 patients who had 
symptomatic RAPs underwent SAE with 100% tech-
nical success. The major advantage of this study is the 
observation of the effects of SAE on postoperative re-
nal function in serial. Despite several previous reports 
of the efficacy of SAE in RAPs, studies on post-SAE 
serial renal function have rarely been reported. In the 
present study, the mean postembolization eGFR va-
lues at different time points after embolization were 
significantly different from the mean postoperative 
eGFR for those who did not experience RAP. This fin-
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ding suggests that SAE has adverse effects on renal 
function despite its usefulness in controlling postope-
rative hemorrhagic complications.

 Two possible mechanisms in SAE-induced 
reduction of postoperative renal function have been 
proposed. First, the loss of renal parenchyma after 
SAE is the primary reason for decreased renal func-
tion after the procedure. Theoretically, SAE is safe 
for preserving renal function because of the selective 
treatment of damaged and bleeding vessels (23). Ho-
wever, the increased devascularized renal parenchy-
ma after a procedure cannot be avoided because all 
the arterioles, including the segmental arteries, inter-
lobular arteries, and arcuate arteries in the kidney, 
are anatomic end arteries. Indeed, a recent CT-based 
renal parenchymal volumetric analysis showed that 
25% of the parenchymal volume was reduced at a 
median 100 days after embolization (22). Second, 
the contrast media during the procedure could affect 
post-procedure renal function. Gupta et al. proposed 
a possible mechanism in the relationship between 
contrast media and decreased renal function (10). Du-
ring the immediate postoperative period, the kidney 
is recovering from ischemia; thus, the administration 
of nephrotoxic contrast media during this vulnerable 
period could worsen renal parenchymal damage.

 The present study has several limitations. 
First, it used a retrospective design with a small pa-
tient cohort. However, the multi-institutional resear-
ch and surgical cases performed on various surgeons 
were used to generalize the frequency of RAPs or 
AVFs in clinical settings. Second, a nuclear renal scan 
was not used to detect renal function changes after 
PN and SAE. In addition, because of the artifacts as-
sociated with the coiling material that is used in SAE 
on CT scans, CT-based volumetric analysis could not 
be performed to detect SAE-related parenchymal de-
vascularization. Finally, open and laparoscopic PNs 
were addressed in the analysis; however, robot-as-
sisted PN was not included. Because robot-assisted 
NSS is performed more frequently, further analyses 
on robot-assisted PN are necessary.

CONCLUSIONS

 Renal tumors located near the renal sinus and 
collecting system have been associated with a higher 

risk for RAPs or AVFs. Although SAE was an effecti-
ve method for controlling symptomatic hemorrhagic 
complications after PN, a procedure-related impair-
ment of renal function after SAE could occur and 
still be present at the postoperative 1-year follow-up. 
Therefore, the preliminary explanation regarding the 
procedure related renal function impairment before 
SAE is essential in real clinical circumstance.
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