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Background: Emergency renal artery embolization (RAE) is a useful method in treating 
renal trauma and bleeding renal tumors. The aim of this study was to evaluate the clinical 
efficacy and safety of emergency RAE, and factors associated with RAE failure.
Methods: This retrospective study included patients treated with emergency RAE for acute 
renal hemorrhage between 1 January 2009 and 31 October 2019 in Srinagarind Hospital. The 
embolization was performed using coils, glues, and/or gel foams. Factors associated with 
unsuccessful outcomes were analyzed using univariate and multivariate regression analyses.
Results: A total of 94 patients were treated at the center during the study period with the 
clinical success rate of 91.5%. The most common cause of acute renal hemorrhage was 
iatrogenic injury (76.5%). Factors associated with unsuccessful RAE according to multi-
variate analyses were hypertension (adjusted odds ratio [AOR] 24.2) and ruptured tumor/ 
aneurysm (AOR 26.8).
Conclusion: RAE is an effective procedure for acute renal hemorrhage. Hypertension and 
ruptured tumor/aneurysm were negative predictors for success.
Keywords: renal artery embolization, renal trauma, renal hemorrhage, PCNL, kidney 
biopsy, renal tumor

Background
Acute renal hemorrhage is an urgent condition that can lead to a severe and life- 
threatening outcome. It is the complication of many urological procedures including 
but not limited to kidney biopsy, percutaneous nephrostomy, and nephrolithotomy.1–3 

Moreover, a ruptured tumor or aneurysm as well as blunt and penetrating trauma can 
also result in acute renal hemorrhage.1,4

Therapeutic renal artery embolization (RAE) is a minimally invasive procedure 
and has been the standard treatment for acute renal hemorrhage in recent years. The 
procedure is associated with less morbidity and complications comparing to con-
ventional emergency nephrectomy.5,6

However, there is limiting large scale data to demonstrate the clinical efficacy 
and safety for emergency embolization. Herein, we report our data regarding 
therapeutic RAE for a variety of urological conditions.

Materials and Methods
Patients
This was a retrospective study conducted in Srinagarind Hospital, Khon Kaen 
University, Thailand. Patients were included if they were 1) 18 years old or 
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over, 2) diagnosed with acute renal hemorrhage, and 3) 
treated with emergency RAE between 2009 and 2019. 
Baseline clinical data, operative details, and perioperative 
complications were reviewed.

Definitions
The technical success rate was defined by a successful 
embolization without contrast extravasation after RAE. 
The clinical success rate was the technical success rate 
and clinical improvement without the second intervention 
or procedure. Post embolization syndrome (PES) was 
defined by fever > 38 °c and/or flank pain without 
infection.

Glomerular filtration rate (GFR) was calculated from 
Cockroft-Gault formula. Postoperative GFR change was 
defined as the difference between baseline GFR and GFR 
at 24 hours after the procedure.

Procedure
The embolization was performed by the interventionists 
from the department of interventional radiology at 
Srinagarind Hospital. The technical details were as 
described: an angiographic catheter was introduced into 
the renal artery through a femoral approach and selective 
renal angiograms were performed to identify the lesions. 
Embolization was done by using coils, glues, and/or gel 
foams.

After the procedure, all patients were closely observed 
by urologists.

Vital signs, physical symptoms, urinalysis, and hema-
tocrit levels were monitored serially during the first 24 
hours. Serum creatinine was checked thereafter to assess 
the deterioration of renal function. If there was a sign of 
new bleeding, an emergency CT scan was performed.

Statistical Analysis
Descriptive statistics for baseline data were presented as 
percentages, mean, and standard deviation. If the distribu-
tion was not normal, the median and inter-quartile range 
were used instead. The effects of factors associated with 
clinical unsuccessful embolization were evaluated using 
univariate and multivariate regression analyses. Crude 
odds ratios (ORs) and 95% confidence intervals (CIs) 
were used to show the association of the factors examined 
with unsuccessful embolization. Factors with a p-value of 
<0.20 were then entered into a multiple logistic regression 
model. A p-value of <0.05 was considered statistically 
significant differences, and adjusted ORs (AORs) and 

95% CIs were used to determine the strength of associa-
tion. All data analyses were performed using STATA soft-
ware (StataCorp LP, College Station, TX, USA).

Ethical approval was provided by the Khon Kaen 
University Faculty of Medicine Ethics Committee as insti-
tuted by the Declaration of Helsinki (HE631033). The 
patient’s consent to review the medical record was not 
required by the committee due to the retrospective nature 
of the study. All the data was anonymized and maintained 
with confidentiality.

Results
Success Rate
During the study period, a total of 94 patients were 
included. The clinical success rate of RAE for acute 
renal hemorrhage was 91.5% (86 cases) and the technical 
success rate was 98%. The baseline characteristics are 
shown in Table 1. In the unsuccessful group, two patients 
underwent emergency nephrectomy without postoperative 
complications.

Etiology of Acute Renal Hemorrhage
The most common cause of acute renal hemorrhage was 
iatrogenic injury (76.5%) as a result of complications from 
a kidney biopsy, percutaneous nephrolithotomy (PCNL), 
anatrophic nephrolithotomy, percutaneous nephrostomy, 
and partial nephrectomy, respectively. All traumatic cases 
were successfully treated with RAE. Eight patients suf-
fered from blunt trauma, while the other two patients were 
penetrating injuries.

Complications of RAE
The median length of hospital stay in a successful group 
was significantly shorter than the failure group, 8 vs 23 
days (p=0.02). Post-operative declination of glomerular 
filtration rate (GFR) was comparable in both groups; the 
median GFR changes were 0 vs 1.45 (p=0.8) in the 
success and the failure group respectively. Post emboli-
zation syndrome was observed in 12 patients (12.7%). 
Two patients developed septic complications and there 
was a massive blood transfusion complication in one 
patient.

Factors Associated with Unsuccessful 
Embolization
Following the univariate analysis (Table 1), BMI, flank 
pain, hypertension, and ruptured tumor/aneurysm were 
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entered into the multiple regression models, as they are 
significant factors in univariate analysis (p<0.2). There 
was a significantly higher proportion of female patients 
with a ruptured tumor/aneurysm compared to male 
patients, therefore, sex was not entered into the model. 
Hypertension and ruptured tumor/aneurysm were two 
independent factors for unsuccessful embolization 
(Table 2). Multicollinearity was checked.

Discussion
In this study, the clinical success rate of renal artery 
embolism for acute renal hemorrhage was 91.5%, and 
factors associated with failure were hypertension and rup-
tured tumor/aneurysm.

The successful rate was consistent with prior studies as 
shown in Table 3. Most of the studies reported were done 
in post-PCNL bleeding complications, and the success rate 
varied between 73–100%.7–9 To be noted, most of the 
reported studies were conducted by experienced interven-
tionists and high-volume centers.

Hypertension is the main risk factor for failure RAE. 
Previous studies have also shown that hypertension 
increases the risk of unsuccessful RAE due to the presence 
of arteriosclerosis resulting in abnormal anatomical var-
iants in the renal arteries.10,11 Diabetes mellitus, which is 
another important risk factor for arteriosclerosis, was not 
associated with failure rate in our cohort.9 Since the num-
ber of diabetes patients was low (only 12%), we could not 
draw a definite conclusion on this.

Table 1 Baseline Characteristics of the Studied Population and a Comparison of Successful and Unsuccessful Subjects Using Univariate 
Analyses

Variables (n=94) Unsuccessful (n=8, 8.5%) Successful (n=86, 91.5%) Crude OR 95% CI p-value

Age (years), median (IQR) 39.5 (33, 66.5) 49 (35, 59) 1.0 (0.9, 1.1) 0.9

Sex
- Male, n (%) 2 (25) 54 (62.8) 1 - -

- Female, n (%) 6 (75) 32 (37.2) 5.1 (1.0, 26.6) 0.055

BW (kg), median (IQR) 64 (49, 76) 59 (54, 66) 1.0 (0.9, 1.1) 0.4

Height (m2), median (IQR) 160 (150, 165) 165 (160, 170) 0.9 (0.9, 1.0) 0.2
BMI (kg/m2), median (IQR) 25 (21.8, 27.5) 21.7 (19.9, 24.5) 1.2 (0.9, 1.4) 0.15

Hemoglobin (g/dL), mean (SD) 7.7 (1.9) 8.7 (1.9) 0.76 (0.5, 1.1) 0.18

Hematuria, n (%) 6 (75) 73 (84.9) 0.5 (0.1, 2.9) 0.5
Flank pain, n (%) 7 (87.5) 39 (45.3) 8.4 (1.0, 71.5) 0.051

Chronic kidney disease, n (%) 6 (75) 50 (58.1) 2.2 (0.4, 11.3) 0.4

Hypertension, n (%) 6 (75) 42 (48.8) 3.1 (0.6, 16.5) 0.17
Diabetes, n (%) 0 11 (12.8) 1.0 - -

Dyslipidemia, n (%) 1 (12.5) 11 (12.8) 1.0 (0.1, 8.7) 1.0

Time to intervention (Days), median (IQR) 3.5 (1.5, 14.5) 7 (3, 18) 1.0 (0.9, 1.0) 0.3

Etiology

- Trauma 0 10 (11.6) 1 - -
- Iatrogenic 5 (62.5) 67 (77.9) 0.5 (0.1, 2.2) 0.3

- Ruptured tumor/aneurysm 3 (37.5) 9 (10.5) 5.1 (1.0, 25.2) 0.04

Embolic material

- Coil 6 (75) 72 (83.7) 0.6 (0.1, 3.2) 0.5

- Gelfoam 3 (37.5) 18 (20.9) 2.3 (0.5, 10.4) 0.3
- Glue 0 9 (10.5) 1 – –

Abbreviations: OR, odds ratio; CI, confidence interval; BW, body weight; BMI, body mass index; IQR, interquartile range.

Table 2 Factors Associated with Unsuccessful Embolization 
Using Multivariate Analysis

Variables Adjusted 
OR

95% CI P-value

BMI 1.21 0.93–1.58 0.16

Flank pain 2.57 0.24–27.29 0.43
Hypertension 24.17 1.26–464.4 0.035*

Ruptured tumor/ 

aneurysm

26.85 1.64–440.7 0.021*

Note: *Statistically significant. 
Abbreviations: OR, odds ratio; CI, confidence interval; BMI, body mass index.
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In the present study, bleeding tumor/aneurysm was also 
a significant factor for RAE failure. Renal vascular aberra-
tion, high vascularization, and complexity from the tumor 
could complicate the procedures and result in an unsuc-
cessful outcome.2 For symptom control of bleeding tumor, 
the reported outcomes of successful RAE were 
70–87%,12,13 similar to this cohort.

Even though obesity was found to be associated with 
postoperative complications and bleeding, it is not asso-
ciated with unsuccessful RAE.14,15 In this study, we found 
that for each 1 kg/m2 BMI increase, risk factors for failure 
rate increased by 1.2 times but it was not an independent 
factor in this study. This is also consistent with prior 
studies.

There was no procedure-related complication, but post 
embolization syndrome was observed in 12 patients 
(12.7%). There was no treatment-related death in this 
cohort.

The main limitation of this study was the fact that this 
was a retrospective study which has biases due to its 
nature. Second, the follow up was short, thus the long- 
term morbidity of RAE cannot be evaluated. Lastly, the 
results of this study could be applied only to specialized 
centers with experienced interventionists and urologist 
teams.

Conclusion
Emergency renal artery embolization is safe and effective 
for renal hemorrhage. Hypertension and bleeding tumor/ 
aneurysm were negative predictors for success.

Disclosure
The authors report no conflicts of interest for this work.
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