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Background We intended to assess the role of POPVESL scoring system in managing renal pseudoaneurysm at our

Methods We retrospectively reviewed the records of all patients who were managed for renal pseudoaneurysm
between January 2020 and December 2022. Data were collected from patient medical records and analyzed by using
SPSS Statistics for Windows version 29.0. Data were expressed as mean + standard deviation (SD) or median for con-
tinuous variables, whereas frequency and percentage were used to express qualitative data. Demographic data,

type of procedure, operative data, post-procedure data of patients, management type, i.e, conservative or angioem-
bolization were recorded and POPVESL score of individual patients was calculated. Data analysis was conducted
among subgroups based on management type, i.e., conservative vs angioembolization. ROC curves were utilized

to find the threshold value for predicting the need of angioembolization.

Results Out of 55, pseudoaneurysm develops after USG guided PCN in 4 individuals, i.e., 7.3%; renal biopsy in 11, i.e,,
20% and PCNL in 40, i.e,, 72.7%. On statistical analysis, hemoglobin drop, number of PCV transfused, size of vascular
lesion and interval of readmission showed significant differences among subgroups and were predictive of the need
for angioembolization. There was a significant difference in POPVESL score between both subgroups. POPVESL score
11 and above is 100% specific and 90% sensitive for angioembolization.

Conclusion Renal pseudoaneurysm with a low POPVESL (i.e,, < 11) score can be managed conservatively. This scoring
system has the potential to help in making bedside decision for managing intrarenal vascular bleeding.
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1 Background

A renal pseudoaneurysm is a rare but serious complica-
tion seen after procedures performed on the kidney, such
as PCNL (percutaneous nephrolithotomy), renal biopsy,
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PCN (percutaneous nephrostomy), and partial nephrec-
tomy. This life-threatening complication deserves metic-
ulous care and treatment. It usually manifests in less
than 1% of cases as delayed bleeding, within 3 weeks of
intervention in the form of hematuria or retroperitoneal
hematoma [1, 2]. Selective renal artery embolization is
considered as the gold standard for management of renal
pseudoaneurysm [3-5]. It is minimally invasive, precisely
blocks the bleeding vessel and avoids the more morbid
procedure of nephrectomy.
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Table 1 POPVESL score

p Pseudoaneurysm 3 points

O Open surgery on same kidney 5 points

p Post-procedure interval (> 8.5 days) 2 points

\ Vascular lesion diameter (>7.5 mm) 3 points

= Extra unit of blood beyond initial stabilization 2 point per unit

Hemodynamically stable patients with renal pseudoa-
neurysms can be managed conservatively. Studies have
shown that renal artery embolization is overused in the
management of pseudoaneurysms, with most surgeons
having a low threshold for embolization fearing unex-
pected bleeding and the need for blood transfusions [6—
8]. Bleeding tendency and spontaneous closure of a renal
pseudoaneurysm can be predicted by various anatomical
factors of vascular lesions and the physiological condi-
tion of patient. Recently, a scoring system represented by
acronym POPVESL [9] (Table 1) was introduced for the
management of such type of bleeding vascular lesions.
This scoring system can predict the bleeding tendency
or spontaneous closure of a pseudoaneurysm and guide
about the conservative management of these vascular
lesions. Furthermore, it will help to reduce the necessity
for expensive angioembolization and facilitate the proper
allocation of endovascular procedures.

We aim this study to define role of POPVESL scoring
system for managing of renal pseudoaneurysm in our
institute, which is a referral center in this region.

2 Methods

After obtaining approval from the institutional ethical
committee and medical record department of our insti-
tution, we retrospectively reviewed the records of all
patients who were managed for renal pseudoaneurysm
between January 2020 and December 2022.

As our hospital is a high-volume tertiary care referral
center, we included all patients presented with delayed
bleeding regardless of whether primary intervention was
performed at our center or outside. All patients present-
ing with delayed bleeding with pseudoaneurysms were
admitted to the urology department. After initial resus-
citation, patients were evaluated for renal bleeding by
means of CT renal angiography. Patients with deranged
renal function underwent hemodialysis after consult-
ing nephrologist before undergoing the contrast study.
The anatomy and number of vascular lesions were docu-
mented. Hemodynamically unstable patients and patients
with persistent bleeding underwent urgent selective renal
artery embolization to control bleeding. Hemodynami-
cally stable patients diagnosed with intrarenal vascu-
lar lesions were managed conservatively with strict bed
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rest and serial monitoring of vital signs and hematocrit.
Ancillary procedures like cystoscopic clot evacuation
and DJ stenting/percutaneous, nephrostomy were done
for patients with clot retention and hydronephrosis/
pyonephrosis, respectively. PCU (packed cell unit) was
transfused after primary stabilization to correct initial
deficit, targeting Hb of 10 g/dl. Patients with persistent
hematuria for more than 4 days and serial hematocrit
drop after initial correction requiring more transfusions
were scheduled for angioembolization. Shrinkage of vas-
cular lesions was observed on follow-up color Doppler
USG in those who responded to conservative manage-
ment. Demographic, type of procedure, operative data,
post-procedure data of patients, management type, i.e.,
conservative or angioembolization were recorded, and
the POPVESL score of individual patients was calculated.
Data analysis was conducted among subgroups based
on management type, i.e., conservative vs angioemboli-
zation. In both subgroups, none of the individuals were
on any anticoagulant within 5 days of surgery, and their
coagulation panel was normal periprocedurally.

Statistical analysis was performed on IBM SPSS soft-
ware 29, using Fisher’s exact test and Chi- square test for
categorical variables. Student’s t test and Mann—Whit-
ney tests were used for continuous parametric and non-
parametric variables. Univariate analysis done to predict
factors needed for angioembolization and to find any
significant difference in POPVESL score among both
groups, i.e., conservative and angioembolization. ROC
curves were utilized to find the threshold value for pre-
dicting the need for angioembolization.

3 Results
After reviewing the records of patients between January
2020 and December 2022, it was found that a total 55
individuals were readmitted with delayed bleeding after
discharge from hospital following different procedures
as outlined in Table 2 and were subsequently diagnosed
renal pseudoaneurysm.

Regarding management, as indicated in Table 3, fif-
teen out of 55 cases (27.27%) of renal pseudoaneu-
rysm responded to conservative management and were

Table 2 Renal pseudoaneurysm incidence following different
procedures

Procedure Number of cases of renal Percentage (%)
pseudoaneurysm

USG-guided PCN 4 73

Renal Biopsy 11 20

PCNL 40 72.7

PCNL percutaneous nephrolithotomy; PCN percutaneous nephrostomy
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Table 3 Management patterns of renal pseudoaneurysms and
angioembolization needed across various procedures

Renal pseudoaneurysm management
Conservative 15 patients (27.27%)
40 patients (72.7%)

2 patients

Angioembolization
Second angioembolization

Renal pseudoaneurysm requiring angioembolization in different
procedures

1) PCNL 36 patients (90%)
2) Renal biopsy 3 patients (27.2%)
3) USG guided PCN 1 patient (25%)

PCNL percutaneous nephrolithotomy; PCN percutaneous nephrostomy

Fig. 1 Angioembolization of renal pseudoaneurysm
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discharged once hematuria settled. These patients were
advised to return in case of recurrent hematuria and were
called a weekly basis follow-up to see the shrinkage of
the vascular lesion on sonography. There was no recur-
rence of hematuria after conservative management, and
shrinkage of the lesion was observed on follow-up color
Doppler. Forty patients eventually required angioemboli-
zation as shown in Fig. 1. Among renal biopsy and PCNL
patients, angioembolization was performed in 27.2%
and 90%, respectively. Two patients required a second
embolization after failure of first attempt. The final suc-
cess rate for angioembolization was 100%. All individuals
diagnosed with pseudoaneurysm on color Doppler were
reconfirmed on contrast study like CT renal angiography
or DSA, so specificity of color Doppler was reached to
100% when done by experienced radiologist. We did not
replace DJ stent to prevent bleeding by tamponade effect.

Demographics in our study population, as mentioned
in Table 4, indicated that males constituted 72.7% of the
cases, while females accounted for 27.2%. Among comor-
bidities, 14.5% had CKD (GFR<90 ml/min/1.73 m?),
14.5% had diabetes, and 9.0% had hypertension. A his-
tory ipsilateral open renal surgery was present in 23.6%
of patients, with pyelolithotomy being the most com-
mon procedure (21.8%) and one patient (1.8%) had a his-
tory of renal transplant. 5.5% cases had undergone for
ESWL on same kidney and horse shoe kidney (abnormal
anatomy) was observed in 1.8% of patients. On univari-
ate analysis of demographic factors predicting the need

Table 4 Univariate analysis of demographic factors predicting the need for angioembolization

S.No Demographic factors Conservative (n=15) Angioembolization (n=40) p Value

1) Age (mean+S.D) (years) 451+52 50.7+9.2 0.137

2) Sex (M: F) 5(33.33%):10(66.66%) 10(25%):30(75%) 0.735
40:15 (72.7%: 27.2%)

3) Diabetes 2 (13%) 6 (15%) 1.000
8 cases (14.5%)

4) CKD 4 (26.6%) 4 (10%) 0.193
8 cases (14.5%)

5) HTN 2 (13.33%) 3(7.5%) 0.605
5 cases (9%)

6) History of open surgery on same kidney (23.8%)

6a) Pyelolithotomy 1 (6.6%) 11 (27.5%) 0477
12 cases (21.8%)

6b) Renal transplantation 0 1(2.5%) 1.000
1 case (1.8%)

7) History of ESWL 1 (6.6%) 2 (5%) 1.000
3 cases (5.5%)

8) Horse Shoe Kidney (Abnormal 0 1(2.5%) 1.000
anatomy)

1 case (1.8%)

M male; F female; HTN hypertension; CKD chronic kidney disease, glomerular filtration rate <90 ml/min/1 .73m?; ESWL Extracorporeal shockwave lithotripsy; SD

standard deviation)
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for angioembolization, the comparison between the
conservative and angioembolization groups showed no
significant differences in age, sex, diabetes, CKD, HTN,
history of open surgery on the same kidney, i.e., pyeloli-
thotomy (p=0.477) and renal transplantation, history of
ESWL and horse shoe kidney (abnormal anatomy).

All initial punctures to the kidney during all three
procedures were performed using an 18-gauge needle.
Furthermore, in all cases of USG-guided PCN, 12 Fr
nephrostomy tubes were placed, and for PCNL patients,
serial dilation up to 18 Fr was carried out to place an
amplatz sheath. On examining the operative factors as
detailed in Table 5, out of the 40 individuals who under-
went PCNL, 21 (52.5%) had stones at a solitary loca-
tion, i.e., renal pelvis or in one calyx, and 19 (47.5%) had
stones at multiple locations, i.e., stones in>2 calyces or
a staghorn calculus involving renal pelvis and multiple
calyces. To achieve complete stone clearance, multiple
access tracts were required in 16 cases (40%) where the
renal system presented with stones in multiple locations,
including staghorn stones or stones in two or more than
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two calyces. Among these cases, 10 individuals had a
superior access tract, 2 individuals had a middle access
tract, and 12 individuals had an inferior access tract.
Nephrostomy tube was placed in 2 individuals. None of
the interventions were abandoned because of bleeding.

On the analysis conducted to explore the association
between operative factors during PCNL and the need for
angioembolization (p >0.05), as presented in Table 5, no
significant association was found for operative factors
such as access through different calyces (inferior, mid-
dle, superior, or multiple calyces), stone location (solitary
stone location or multiple locations), duration of surgery,
and stone burden.

Results of the univariate analysis (Table 6), highlight-
ing the post-procedural factors associated with the
need for angioembolization of renal pseudoaneurysm.
The factors evaluated include the interval of readmis-
sion, duration of second admission, size of vascular
lesion, pre-admission Hb drop, and PCV unit transfu-
sion. Significant differences were observed between
the conservative and angioembolization groups for

Table 5 Univariate analysis of operative factors during PCNL predicting the need for angioembolization

S.No Factor Conservative (n=4) Angioembolization (n=36) p Value

1) Access to renal stone through different calyx

a) Inferior calyx 1 (25%) 11 (30%) 1.00
(12 cases)

b) Middle calyx 1(25%) 1(2.7%) 0.1923
(2 cases)

Q) Superior calyx 0 (0%) 10 (27.7%) 0.5558
(10 cases)

d) Multiple calyx 2 (50%) 14 (38.8%) 1.00
(16 cases)

2) Stone location

a) Solitary stone location (21 cases) 2 19 1.000
(Pelvic stone, stone in one calyx) (1,m (11,8)

b) More locations (19 cases) 2 17
(Staghorn calculus involving renal pelvis and multiple  (1,1) (10,7)
calyces, stone in>2 calyces)

3) Duration of surgery (mean+S.D.) (minutes) 525+64 59+ 16 0.396

4) Stone burden (in mm) (median+S.D) 2472+57 36.00+9.9 0.123

S.D Standard deviation

Table 6 Univariate analysis of post-procedural factors predicting the need for angioembolization of renal pseudoaneurysm

S.No Factor Conservative Angioembolization P value

(n=15) (n=40)

1) Interval of readmission (in days) (median+S.D) 40+2.7 90+22 <0.001

2) Duration of second admission (in days) (median+S.D) 30+13 6.0+1.7 <0.001

3) Size of vascular lesion in mm (median +S.D) 75+0.81 105+6.8 <0.001

4) Pre-admission Hb drop (mean+S.D.) 3.8+0.7 53+1.05 0.258

5) PCV unit transfusion (median +S.D) 3.8+0578 52+1.1 <0.001

S.D Standard deviation, PCV Packed cell volume
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all factors, except for pre-admission Hb drop. Nota-
bly, longer intervals of readmission, extended dura-
tions of second admission, larger vascular lesions, and
increased PCV unit transfusion were significantly asso-
ciated with the need for angioembolization (p <0.001).

On comparison of management done in renal pseu-
doaneurysm across different procedures (Table 7). The
results demonstrate that angioembolization was signifi-
cantly more prevalent treatment option than conserva-
tive management in PCNL (90% vs. 10%, p<0.001),
while conservative approach was more common in
renal biopsy (27.2% vs. 72.7%, p<0.001). However, no
significant difference was observed between conserva-
tive management and angioembolization in PCN (25%
vs. 75%, p =0.057).

The POPVESL scores (Table 8) in renal pseudoaneu-
rysm were significantly higher in the angioembolization
group compared to the conservative management group
in whole study population, PCNL patients (p <0.001),
as well as in renal biopsy patients (p=0.012).

ROC curve analysis was performed for POPVESL
score to derive the cut-off point with optimal sensitivity
and specificity, as shown in Fig. 2.

Test result variable(s): POPVESL score  Coordinates

of the Curve

Positive if greater than or equal to? Sensitivity 1 - Specificity
5.0000 1.000 1.000
6.5000 1.000 0.933
0.5000 1.000 0.867
8.5000 1.000 0.733
9.5000 1.000 0533
11.0000 0.900 0.000
12.5000 0.450 0.000
13.5000 0375 0.000

Table 7 Comparison between management done in renal
pseudoaneurysm across different procedures

S.No Factor Conservative Angioembolization p Value
1) PCNL 4(10%) 36 (90%) <0.001
2) PCN 3 (75%) 1 (25%) 0.057
3) Renal biopsy 8 (72.7%) 3(27.2%) <0.001

PCNL Percutaneous nephrolithotomy; PCN Percutaneous nephrostomy
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Fig. 2 ROC curve for angioembolization
Test result variable(s): POPVESL score Coordinates
of the Curve
Positive if greater than or equal to? Sensitivity 1 - Specificity
14.5000 0.225 0.000
16.0000 0.075 0.000
18.0000 0.000 0.000

The area under the curve is 0.973. The cut-off point
with best sensitivity and specificity was 11 yielding 90%
sensitivity and 100% specificity, indicating that a POP-
VESL score of 11 and above is 100% specific for angioem-
bolization but 90% sensitive.

4 Discussion

As our center is a high-volume tertiary care referral and
academic center in India, performing over one thousand
of PCNL every year, the incidence of intravascular lesion
following PCNL is 1.6%, which is comparable to contem-
porary series [10, 11]. Despite 2 years of COVID-19, we
had a total of 40 patients with pseudoaneurysms after
PCNL over last 3 years, out of these 14 were referred
from other centers. Twenty-two out of 2600 cases got

Table 8 Comparison of POPVESL scores in renal pseudoaneurysm between treatment groups

S.No POPVESL score (Median+S.D) Conservative Angioembolization p Value
1) a) In total cases 100+1.2 120+1.8 <0.001
2) b) Renal biopsy cases 85+15 12.0+0.5 0.012
3) ¢) PCNL cases 9.5+05 120+19 <0.001
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angioembolized, which is 0.8% comparable to other stud-
ies [10, 11].

Renal pseudoaneurysm typically presents as flank pain,
hematuria or unexplained anemia that can arise after
injury to the renal artery or one of its branches through
trauma, percutaneous kidney biopsy, endourologic pro-
cedures, partial nephrectomy, kidney transplantation or
endovascular intervention. Considering the unpredict-
able clinical course of renal pseudoaneurysm treatment
strategies must be individualized [12].

Management options based on the clinical course
included a conservative approach for stable patients,
urgent angioembolization for hemodynamically unsta-
ble patients, and elective intervention for those who did
not respond to conservative treatment having prolonged
hematuria, hematocrit drop and need of repeated trans-
fusion. Early angioembolization has been suggested by
some author to prevent blood transfusion [1].

Previous studies [6—8, 13] that searched for predictive
factors of post-PCNL bleeding and success rate of angi-
oembolization stated that the presence of stone burden,
renal pelvis perforation, multiple tract access, history
of open renal surgery of affected side, operation time,
intraoperative bleeding, Hb drop, and need for trans-
fusion were predictors of angioembolization. A recent
study performed by Shadpour et al. [9] proposed POP-
VESL score to assist bedside decision for management of
post-PCNL bleeding. Based on multivariate analysis of
risk factors, calculated odds ratios, and expert opinions
of researchers they proposed POPVESL score. In their
study, POPVESL score below 11 was 100% specific and
81.6% sensitive in predicting success with medical man-
agement and above 16 was 100% specific and 52% sensi-
tive for angioembolization.

In our study, we calculated POPVESL score for intra-
renal vascular lesions caused by PCNL, PCN and renal
biopsy. The scores demonstrated a significant difference
among conservative and angioembolization groups in
cases of PCNL, renal biopsy and overall cases. Vascu-
lar lesions caused by USG guided PCN and renal biopsy
were managed conservatively in 75% and 72.7% cases,
respectively. While angioembolization was required in
90% of vascular lesions caused by PCNL because compli-
cations of initial puncture were exacerbated by dilatation
and maneuvering involved in clearing the kidney stones.

In our study, conservatively managed cases showed
high success rate and a low complication rate. As we
all know, angioembolization is a costly affair and has
its potential complications. Due to increasing trend
of using percutaneous renal procedure like PCNL,
PCN, etc., there is an increased burden of intrare-
nal vascular complications. For developing countries
like India, angioembolization for the management
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of renal pseudoaneurysms leads to an excessive eco-
nomic burden on government hospitals, where patients
are covered under the government insurance scheme.
Therefore, POPVESL scoring system provides an option
to assist bedside decision-making for the patients who
can be managed conservatively.

Along with the retrospective nature of study, small
sample size because of overall low incidence of this
complication is a major limitation of this study. Another
limitation is that we only considered pseudoaneurysm
as an intra-renal vascular complication, of which 72.7%
required angioembolization, while a previous study [9]
reported 68.5% cases of renal arteriovenous fistula were
managed conservatively. Therefore, further prospective
studies with larger sample sizes are warranted to better
define the utility of this score system.

5 Conclusion

A low POPVESL score of a renal pseudoaneurysm
(i.e.,<11) can be managed conservatively. This scor-
ing system has the potential to help in making bedside
decisions for managing intrarenal vascular bleeding
and updating its operational guidelines.
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HTN Hypertension

CKD Chronic kidney disease

ESWL  Extracorporeal shockwave lithotripsy
SD Standard deviation

PCNL  Percutaneous nephrolithotomy
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DSA Digital subtraction angiography
ROC Receiver operating characteristics curve
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