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Robotic partial nephrectomy is associated with a significantly
decreased rate of postoperative pseudoaneurysm compared to open
and laparoscopic partial nephrectomy
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Abstract

While partial nephrectomy offers oncologic efficacy and preserves renal function for T1 renal tumors, renal artery pseudoa-
neurysm (RAP) remains a rare but potentially life-threatening complication. This study compared RAP incidence across
robotic-assisted (RAPN), laparoscopic (LPN), and open (OPN) partial nephrectomies in a large tertiary oncological center.
This retrospective study analyzed 785 patients undergoing partial nephrectomy between 2012 and 2022 (398 RAPN, 122
LPN, 265 OPN). Data included demographics, tumor size/location, surgical type, clinical presentation, treatment, and post-
operative outcomes. The primary outcome was RAP incidence, with secondary outcomes including presentation, treatment
efficacy, and renal function. Seventeen patients (2.1%) developed RAP, presenting with massive hematuria (100%), hemor-
rhagic shock (5.8%), and clot retention (23%). The median onset was 12 days postoperatively. RAP occurred in 4 (1%), 4
(3.3%), and 9 (3.4%) patients following RAPN, LPN, and OPN, respectively (p =0.04). Only operative length and surgical
approach were independently associated with RAP. Selective embolization achieved immediate bleeding control in 94%,
with one patient requiring a second embolization. No additional surgery or nephrectomy was needed. Estimated GFR at
one year was similar across both groups (p =0.53). RAPN demonstrated a significantly lower RAP incidence compared to
LPN and OPN (p=0.04). Emergency angiographic embolization proved effective, with no long-term renal function impact.
This retrospective study lacked randomization and long-term follow-up. Further research with larger datasets and longer
follow-ups is warranted. This study suggests that robotic-assisted partial nephrectomy is associated with a significantly lower
risk of RAP compared to traditional approaches. Emergency embolization effectively treats RAP without compromising
long-term renal function.

Keywords Angiography - Laparoscopic partial nephrectomy - Open partial nephrectomy - Postoperative -
Pseudoaneurysm - Renal artery - Robotic partial nephrectomy - Selective embolization
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Y g The surgical approach for clinical T1 renal masses has

shifted from radical nephrectomy to partial nephrectomy
(PN) for preservation of renal function [1-4]. The origi-
nal PN was an open approach that was oncologically and
surgically effective and safe compared to radical nephrec-
tomy [1-3], yielding a significantly decreased rate of renal
insufficiency [1-5]. The introduction of minimally invasive
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PN (MIPN), laparoscopic and robotic-assisted PN (RAPN)
caused a major shift toward minimal invasiveness aimed at
decreasing postoperative complication rates, allowing short
hospital stay, and lessening recovery time [1-6]. RAPN has
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now become the most prevalent surgical approach for renal
masses treated by partial nephrectomy.

Hemorrhage is the most common complication of partial
nephrectomy [10]. A renal artery pseudoaneurysm (RAP)
is a unique and rare hemorrhagic complication of partial
nephrectomies [11], characterized by late bleeding and usu-
ally presenting as hematuria, flank pain, and anemia that is
treated effectively by selective arterial embolization [11].
The etiology of RAP is undetermined, but it is probably
related to arteriole laceration during the suturing of the renal
bed after tumor removal that creates the RAP after the clo-
sure of the renal defect [11-13].

The selection of technique for performing a PN as a
predictor for the subsequent likelihood of a RAP is con-
troversial. Most series did not demonstrate any difference
in the incidence of RAP in association with either an open,
laparoscopic, or robotic approach [11-15]. One large sys-
tematic review that included 5229 patients who underwent
PN demonstrated a significantly higher rate of RAPs among
those patients treated by an MIPN compared to open partial
nephrectomy (OPN) [11]. In the present study, we review the
incidence, management, and outcomes of RAPs in a large
surgical series of a tertiary oncological center, and compare
the results achieved with it to those of the various alternative
surgical approaches (LPN and OPN).

Patients and methods
Patients

Between January 2012 and December 2022, we carried
out PNs on 785 patients with renal tumors clinical T1-3, of
whom 398 (50.7%) patients underwent RAPNSs, 122 (15.5%)
underwent LPNs, and 265 (33.8%) underwent OPNs. The
analyzed clinical data and imaging studies included demo-
graphic data, tumor characteristics (side, size, location,
RENAL nephrometry score), surgical characteristics (warm
ischemia time, estimated blood loss, operative time), and
postoperative and hospitalization data. Moreover, radio-
graphic and angiographic findings of patients diagnosed as
having a RAP were reviewed to document the size of the
pseudoaneurysm, its location in the kidney, the efficacy of
the selected embolization, and the surgical outcomes.

Ethics

This study was conducted with the Declaration of Helsinki
and the International Council for Harmonisation Guidelines
for Good Clinical Practice. The protocol approval number
for this study is SMC-23-4146.
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Surgical techniques and outcomes

The primary endpoint of the study was the presence of a
postoperative RAP. We documented the efficacy of the
selected therapeutic approach for the RAP, as well as the
postoperative and post-therapy renal function. All of the
study patients were treated by five high-volume surgeons
with extensive experience performing nephron-sparing
surgery. The choice of surgical approach was according to
the discretion of the surgeon. Our surgical techniques were
described in detail elsewhere [4]. The robotic surgeries used
the DaVinci Si or Xi surgical system. The patient’s demo-
graphics, tumor and surgical variables, as well as postop-
erative complications and outcomes were identified from
the nephrectomy databases of the Department of Urology.
Preoperative renal complexity was determined according to
the RENAL nephrometry system [6]. The clinical data of
the RAP included the presence of hematuria, flank pain, and
hemodynamic stability at presentation, the time from the
emergency room presentation to angiographic therapy, and
its outcomes.

Statistical analysis

In the descriptive statistical analysis, continuous variables
were presented as means + standard deviations (SDs) for
those adhering to a normal distribution, and as medians
with interquartile ranges (IQRs) for variables deviating
from normality. Categorical variables were expressed as
frequencies and percentages. Comparative analysis of con-
tinuous variables across groups was conducted using the
independent samples t-test for normally distributed data, and
the Mann—Whitney U test for data not following a normal
distribution. The chi-squared test was utilized for the assess-
ment of categorical variables. To ascertain the predictors
influencing the occurrence of a pseudoaneurysm requiring
intervention, logistic regression was implemented. Statisti-
cal significance was established at a p-value of <0.05. All
statistical analyses were performed using SPSS software
(version 29).

Results

A total of 785 patients underwent PN at our institution
between January 2012 and December 2022. The surgical
approaches included OPN (265 patients, 33.8%), LPN (122
patients, 15.5%), and RAPN (398 patients, 50.7%) (Fig. 1).
A descriptive summary of demographics, preoperative tumor
and surgical characteristics, and postoperative characteristics
according to surgical methods are detailed in Table 1. The
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Fig. 1 Incidence of RAP across surgical approach

median age of our cohort was 63.9 years [IQR: 25-81 years],
and 361 (46%) patients were females. Most of the patients
were clinical Tla (n=709, 90.2%) with a median tumor size
of 3.5 cm according to preoperative imaging [IQR: 2.3—4.9]
cm). RENAL nephrometry scores of 4-6, 7-9, and 10-12 for
the entire cohort were 25.8%, 64.4%, and 9.7%, respectively.
There was no difference between the RENAL nephrometry
scores relative to the surgical methods (p=0.73).

RAPs were diagnosed in 17 (2.1%) patients at a median
of 12 days (range 1-31) since surgery. Table 2 details the
patients’ and the tumors’ characteristics and the clinical
presentation of all the pseudoaneurysm cases that required
embolization. The presenting symptoms included massive
hematuria (100%), flank pain (17%), clot urinary retention
(23%), and hemorrhagic shock (5.8%). A single selective
embolization of the bleeding vessel resulted in immediate
cessation of bleeding in 16 of those patients (94%), while
a second embolization was necessary in 1 patient (5.8%)
(Table 3). No patient required or underwent surgery or
nephrectomy to stop the bleeding. Only 3 (17.6%) patients
were treated by blood transfusion, 2 of them by 1 unit of

blood and 1 by 2 units. The time from the presentation to
the emergency room to undergoing angiography among the
entire cohort was 13.5 h. An analysis of the kidney func-
tion revealed no difference in the median percentage of the
estimated glomerular filtration rate (¢GFR) between patients
who underwent embolization and those who did not (84.3
[69.7-97.2] versus 85.2 [76.3-97.8], p=0.53, respectively).
There were no intra- or post-procedure complications in
association with RAP during angiography and emboliza-
tion, such as renal artery dissection, groin hematoma, or
bleeding. The preoperative platelet counts and coagulation
test results were within the normal range among all patients
who developed a postoperative RAP.

Table 3 summarizes the surgical variables. Patients
who developed a postoperative RAP had a similar median
intraoperative blood loss (250 [150-350] ml versus 200
[150-300] mL, p=0.27), and a similar ischemia time
(21.5 [12-32] min versus 22.3 [17-28] min, p=0.23),
compared to those who did not. The mean operative time
for the patients with postoperative RAP was significantly
longer than those without (235.2 [75.5] min versus 189.3
[71.5] min, respectively, p=0.04). The presence of RAP
was significantly more common following OPN and LPN
compared to RAPN: 4 (3.3%), 9 (3.4%), and 4 (1%), respec-
tively (p=0.04). Age, sex, tumor side and size, RENAL
nephrometry score, warm ischemia time, estimated blood
loss, and clinical stage were comparable for the three surgi-
cal approaches (p > 0.05). Multivariable analyses confirmed
that the surgical approach and operative time were the only
significant predictors of the occurrence of a postoperative
RAP (p <0.05). There was no significant difference between
patients with and those without RAP in terms of age, body
mass index, ASA score, eGFR rate, number of patients with
chronic kidney disease, preoperative clinical stage, tumor
size, and RENAL nephrometry score (p > 0.05 for all).

Discussion

Our study showed a significantly decreased incidence
of RAPs following RAPN compared to LPN and OPN
approaches in a tertiary cancer center during the last decade.
Specifically, the incidence of RAPs was 1%, 3.3%, and 3.4%,
respectively. In addition to surgical type, the only other sig-
nificant variable for the development of RAP was the length
of operative time (p < 0.004), while all of the other evaluated
variables, including demographics (gender, age) and surgical
characteristics (tumor size, side, and RENAL nephrometry
score) were not. The relative risk of developing a RAP fol-
lowing RAPN was 0.29-0.3 compared to LPN and OPN.
To the best of our knowledge, this study represents the first
documentation supporting the advantage of RAPN in terms
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Table 1 Patient and tumor
characteristics, surgical
outcomes, and functional

Variables

Pseudoaneurysm
Present (n=17)

Pseudoaneurysm
Absent (n=768)

p-value

follow-up data Age, years, (+SD)

Male, n (%)

BMI, med (IQR)

ASA, med (IQR)

Preop eGFR, med (IQR)
Preop CKD, n (%)

Tumor size on CT, cm, med (IQR)

RENAL nephrometry score, n (%)
4-6 Low complexity
7-9 Intermediate complexity
10-12 High complexity
Approach
RPN, n (%)
LAP, n (%)
OPN, n (%)
Operation time, min, mean (+SD)
Ischemia time, min, median (IQR)
EBL, ml, med (IQR)

Time to embolization from surgery, days, med (IQR)

Last follow-up %eGFR preservation, median (IQR)

59.6 (12.2) 62.3 (6.2) 0.31
7 (47) 403 (44.2) 0.89
25.6(22.9-29.9)  24.9(22.2-30.1)  0.43
3(2-3) 3 (1-4) 0.54
76.2 (55.2-88.5)  80.3(63.8-96.5)  0.21
4(23.5) 154 (20) 0.54
3.5 (1.6-4.7) 3.5(2.3-4.9) 0.56
0.73
3(17.6%) 140 (26.07%)
12 (70.5%) 345 (64.2%)
2 (11.7%) 52 (9.6%)
0.04
4(1) 394 (0.98)
4(3.3) 118 (0.96)
9 (3.4) 256 (0.96)
235.2 (75.5) 198.3 (71.5) 0.04
21.5 (12-32) 22.3 (17-28) 0.23
250 (150-350) 200 (100-300) 0.27
12 (1-21) NA
84.3(69.7-97.2)  85.2(763-97.8)  0.53

ASA American society of anesthesiologists, BMI body mass index, CKD chronic kidney disease, CT com-
puted tomography, eGFR estimated glomerular filtration rate, /QR interquartile range, SD standard devia-

tion

of the incidence of RAPs among patients treated by PN for
renal tumors.

Hemorrhage is the most frequent serious complication
of PN, either intraoperatively or during the postoperative
period. Delayed hemorrhage is an infrequent event, with an
incidence of 0.4-5% [2, 3, 7, 8] and it usually due to RAP.
We believe that the development of RAP is probably related
to an injured branch of the renal artery during the tumor
resection or to the renorrhaphy following the tumor resection
leading to blood extravasation to the collecting system or the
perinephric space. Possible suggested risk factors of RAPs
after PN including the surgical approach for the PN, techni-
cal surgical modifications, and tumoral complexity [11-15].

Since the introduction and wide acceptance of OPN as an
effective and safe surgical option for a localized renal mass,
MIPN (such as LPN and RAPN) was developed to decrease
to decrease the rates of adverse reactions of surgery and
hospitalization length [6-9]. The current findings showed,
for the first time for a decreased rate of RAP among patients
who undergo RAPN compared to the open and laparoscopic
approaches. Ghoneim et al [12] described 1461 patients who
underwent PN among whom 15 developed RAP post-PN:
0.6% post-OPN and 2.6% post-LPN. Contrarily, no differ-
ence in the risk of RAP was found by Chavali [13] who
compared RAPN to OPN, or by Saoud [14] who compared
MIPN to OPN. Jain et al [15] performed a systematic
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review of the incidence and risk factors of RAPs following
PN in a multicenter cohort of 5229 patients, among whom
77 (1.47%) developed RAPs. Those authors [15] reported
that the incidence of RAPs after an open approach was 1%
compared to 1.96% after MIPN. They offered a possible
explanation that the higher incidence of RAP after MIPN
resulting of the higher rate of the use of renorrhaphy during
the procedure. Renorrhaphy can lead to arteriole laceration
which later creates RAPs following the closure of the renal
defect [15]. The major limitations of Jain et al.’s meta-anal-
ysis included the lack of information regarding the tumor
complexity and therefore a significant patient bias could not
be ruled out. Second, their MIPNs included mainly LPNs.
Leow et al.’s [16] meta-analysis compared RAPN with LPN
outcomes of 4919 patients (54% RAPN). The patients who
had been treated with RAPN had a larger tumor size and
higher RENAL nephrometry scores. Despite that all-compli-
cation and major complication rates were significantly lower
in the RALP group compared to the LPN group. Hyams
et al.’s [17] multi-institute report on 998 patients after MIPN
(including LPN and RAPN) cited an incidence of iatrogenic
vascular lesions of 2%, similar to our rate of 2.1%. Most of
their patients (85%) had RAPs while the rest had arterio-
venous fistulas [17]. That report did not include any data on
the percentage of patients who underwent LPN compared
to RAPN or on any differences in the complication rate in



241

Page 5 of 8

(2024) 18:241

Journal of Robotic Surgery

BLINJEWIAY SSOID) Kreqpideq WLIBAN uado (2% 6 € V T T T 9 W LT

BLIMJBWIRY SSOID) [[92 Te3[) wresm uadQ (44 9 ¢ d I [ C 8¢ W 91

ured yue[] ‘@LINJEWY SSOID) aqoydowoIy) WLIBA\ uadQ A 9 | 4 I € I 49 W SI

BLINJBWIRY SSOID) [[92 Te3[) wrem uadQ s 6 € d ¢ T T LS W 4!

eLINeWY ssoi3 ‘ured eurwopqy [199 189[D WLIBA\ uadQ S'¢ o1 € Vv € € I 09 A €1

UOTIUL)I JO[O ‘BLINJEWAY SSOID) [109 18310 wrepm uadQ S9 o1 ¢ d € T 79 W i

BLINJEWAY SSOIS ‘UOTIULIAI JO[D [109 183[D wIepm uadQ [ o1 ¢ Vv ¢ T TS W 11

ured yuey ‘eLmyewoy ssoIn Areqpdeq wrep uado L I ¢ X € T ¢ 09 N 01

¥o0ys JISeYLIOWSH 99 183D wrep uado € L T X T T 1 09 W 6

eLINewy ssoid ‘ured yue[ Kreqndeg wirepy  ordoosorede I’ 8 I d € € I 9L A 8

BLINJBWY SSOI3 ‘Uonuajar Areurin [199 189[D wrepy  ordoosorede €T L € Vv I 4 I +S W L

BLINJBWAY SSOID) [109 189[D wrepy  ordoosorede L't 8 7TV 9 I z S W 9

BLINJRWY $SOI3 ‘uonuajar Areurin [199 189[D wrepy  ordoosorede €T L € Vv I z I +9 W S

BLINJEUIAY SSOID) Kreqnideq WIep onoqoy 91 8 € vV T T 1 09 d 4

BLIMJBWSY SSOID [[99 183 wrem onoqoy (43 8 [ 4 € C [ 09 W €

BLINJRWY SSOI3 YO0yS OIFRYILIOWIH Kreqnideg ULIBAA onoqoy Sy 8 7 Vv I € 4 6S W 4

ermeway ssois ‘ured [eunuopqy 1199 189[D) WIBA\ o100y I 9 7V I z I 79 d I
wo ‘078 T V. N 9 H

sAep aaneradoisod pue uonejuasaxd [eorur))  AJojoyjed Jowny,  2dA) Bruroyosy INPadoIg own], 200G [eUY 100§ AnoworydoN [eudy — SIA 98y Xo§  -ou juaned

uoneuasald [edIUI[d pue SONSLIA)ORILYD JOWN) PUE JUdNed g 3|qeL

pringer

As



241 Page 6 of 8

Journal of Robotic Surgery (2024) 18:241

Table 3 Clinical and surgical parameters across nephrectomy approaches

Total (785) Open partial nephrec- Laparoscopic partial Robotic-assisted partial ~ p value
tomy (n=265) nephrectomy (n=122) nephrectomy (n=398)
Age, yrs. (+SD) 62.2 (6.3) 64.3 (4.1) 62.3 (8.1) 59.2 (10.2) 0.31
Male, n (%) 401 (51%) 125 (47.1%) 59 (48.3%) 206 (51.7%) 0.71
Side, Rt (%) 409 (52.1%) 119 (44.9%) 63 (51.63%) 200 (50.25%) 0.83
Tumor size cm, med 3.53(2.4-4.7) 3.51 (2.6-5) 3.49 (2.7-4.8) 3.51(2.2-4.9) 0.53
(IQR)
RENAL nephrometry 7(5-9) 8 (5-9) 7(6-9) 7(5-9) 0.55
score
Warm ischemia time 22.3[12-41] 24.3 [12-32] 23.4 [9-33] 22.4[12-32] 0.45
(min)
Estimated blood loss (ml) 200 [50-400] 230 [50-400] 255 [50-350] 180 [50-350] 0.55
ASA 3(2-4) 3(2-4) 3(2-4) 324 0.54
Clinical stage 0.67
CSTla 709 (90.2%) 240 (90.56%) 107 (87.7%) 362 (90.95%)
CST1b 76 (9.8%) 25 (9.4%) 15 (12.29%) 36 (9.1%)
Benign pathology 14% (95% CI: 0.13-0.16) 15% (95% CI: 0.13-0.17) 18% (95% CI: 0.16-0.22) 13% (95% CI: 0.12-0.15) 0.56
Post-operative pseudoa- 17 (2.1%) 9 (3.4%) 4 (3.3%) 4 (1%) 0.04
neurysm
Time to embolization, 12 13 11 16 0.63
days (range) (1-31) (1-20) (7-18) (5-3D)

general and specifically for the incidence of post-operative
RAP [17].

Chavali et al.’s [13] estimations for the higher incidence
of RAP after MIPN included the option of a less precise
suturing of laparoscopic technique. In contrast, the robotic
approach has several advantages, including three-dimen-
sional visualization, improved visual magnification, and
mechanical dexterity that translate to better surgical out-
comes. The findings of several retrospective analyses that
compared the surgical and functional outcomes of RAPN
with those of LPN favored robotic surgery by its afford-
ing shorter ward ischemia time [2—4], better postoperative
renal function [2—4], shorter operative time [3], and shorter
hospital length of stay [4]. Our earlier results support these
differences [17]. To the best of our knowledge, the current
study is the first to demonstrate a significantly reduced rate
of RAPs following a robotic approach compared to open and
laparoscopic approaches.

The presence of RAP is associated with a significant
impact on the recovery process following surgery due to a
need for an urgent invasive therapeutic procedure for selec-
tive arterial embolization (SAE), possible hemodynamic
instability, and frequent use of blood transfusion [18].

Operative time was the other variable associated with
the risk for RAP (both univariate and multivariate analysis,
p <0.05). One possible explanation for this observation is
that operative time could serve as a surrogate marker for
the complexity of the tumor. We did not, however, estab-
lish any correlations between ischemia time, estimated
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blood loss, RENAL nephrometry score, tumor size, and the
risk of RAP. Chavali [13] also did not find any correlation
between the RENAL nephrometry score and the risk for
RAP development, while Saoud [14] et al. demonstrated that
a higher RENAL nephrometry score was associated with
the increased probability of RAP after PN, as did Nadu et al
[23] in a series of LPNs [13]. The systematic review by Jain
[15] was not able to correlate tumor complexity and the risk
of RAP, calling for further investigations on these issues.

Study by Giuliano [5] randomized 208 patients to LPN
versus OPN, and those authors demonstrated decreased
abdominal wall complications and better renal function at 3
and 12 months from surgery in favor of LPN [5].

A systemic review for RAPN versus OPN demonstrated
a lower rate of post-operative complications for RAPN, but
the analysis was used for all complication rates and thus no
data are available for RAP specifically.

The embolization of RAPs was safe, effective, and not
associated with any complications in our cohort. Sixteen
(92%) of our 17 patients experienced immediate cessation
of bleeding after they underwent an SAE for symptomatic
RAPs after PN, while the additional patient needed an addi-
tional SAE procedure to stop the bleeding. None of those
patients were treated surgically for RAPs. Notably, the eGFR
was maintained in the patients who underwent angiography
and selective embolization comparable to that of the group
of patients who did not require any endovascular interven-
tion (84.3 versus 85.2 mL/min, p =0.53). SAE for control-
ling renal biopsy-related arteriovenous fistulas was first
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reported in 1973 [17, 18]. Since then, it has become the first-
line therapy for iatrogenic vascular lesions after urologic
procedures, such as PN and percutaneous nephrolithotomy,
and several studies have demonstrated the safety and efficacy
of SAE for controlling hemorrhagic complications follow-
ing PN [17-19]. The efficacy of SAE for RAP in our cohort
aligns closely with those reported in currently available stud-
ies, emphasizing the effectiveness of this approach [17-19].

None of our patients underwent a surgical procedure or
nephrectomy due to RAP. In addition to its safety, another
benefit of SAE is the lack of effect on immediate and pro-
longed renal function [16—19]. Several papers have dem-
onstrated the lack of any deterioration of renal functioning
due to RAP [18-20] however, only two of them had pro-
longed the follow-up period beyond the time of the proce-
dure [18-20].

A RAP can be diagnosed by contrast-enhanced imaging,
usually computerized tomographic (CT) scanning or angi-
ography for patients presenting with clinical suspicion for
RAP [16-18]. There is currently no flow chart to guide the
initial imaging of choice for a given patient presenting with
late bleeding following PN. The use of an immediate CT
scan can potentially eliminate the need for invasive proce-
dures, such as SAE [16-18], that RAP has not been identi-
fied. However, a CT scan use can prolong the time to SAE
and an additional dose of contrast material and radiation
will be used in case the imaging shows the presence of RAP
[17-19]. Determination of the imaging of choice in cases
of RAP following PN was beyond the scope of the current
study: all our patients underwent angiography followed by
embolization.

An additional clue for the presence of a RAP after PN is
the timing of its development from the time of surgery [19,
20]. The median time from surgery to the presentation of
RAP in our study was 12 days (range 1-31), similar to the
findings of others. Nevertheless, there are several reports
demonstrating of the first clinical evidence of RAP up to
6 months following surgery, warranting longer term clinical
suspicion.

Only three of our patients (17.6%) were treated by blood
transfusions. That low incidence derives from several fac-
tors. The time from presentation to angiography in the pre-
sent cohort was 13.5 h, and only two (11.7%) of the cohort
presented with hemodynamic instability, which alerted to
the possibility that the extent of bleeding would not likely
be severe. However, since we are unable to determine the
extent of bleeding and the potential for bleeding progres-
sion tendency at the time of presentation, immediate steps
should be taken when a RAP is suspected for the diagnosis
and treatment of the bleeding source.

Several limitations to our study are mentioned. First, its
retrospective design inherently introduces potential sources
of bias despite the use of several basic demographics, tumor

size, and complexity that could serve to control for potential
bias. Although our study encompassed a sizable population
of 785 patients, the infrequent occurrence of pseudoaneu-
rysms posed a challenge in discerning factors that could be
associated independently with the development of RAPs.

Conclusions

RAPN is an uncommon but potentially life-threatening
complication following PN. RAPN is associated with a sig-
nificantly decreased rate of postoperative pseudoaneurysm
compared to OPN and LPN. High index of suspicion and
understanding of its typical clinical presentation will enable
expeditious diagnosis. Selective embolization is an efficient
and safe treatment for RAPs following PN.
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copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
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