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ABSTRACT
Objective: To describe the use of renal angiography in the detection of renal vascular injuries following 
percutaneous nephrolithotripsy and to assess the efficacy of endovascular management of these complications.
Methods: This was a retrospective review of 131 consecutive patients who underwent percutaneous nephro-
lithotripsy for renal calculi from January 2001 to July 2005. All patients who presented with significant 
postoperative haemorrhage were evaluated by renal angiography as a first-line diagnostic study, followed by 
superselective coil embolisation of identified renal vascular injuries at the same session. The mean follow-up 
period was 5.8 months (range, 1 to 17 months). The parameters assessed for each patient included preoperative 
investigation findings, surgical technique, clinical presentation following surgery, type of renal vascular injury 
identified, embolisation technique, and therapeutic outcome.
Results: Five arterial lesions were diagnosed in 4 patients (3 men and 1 woman) with a mean age of 51.5 years 
(range, 45 to 62 years). Three pseudoaneurysms and 2 arteriovenous fistulas were identified. All patients were 
treated with superselective coil embolisation, with complete resolution of haemorrhage, no further clinical 
deterioration, and preservation of renal function.
Conclusions: Renal vascular injury is a rare complication of percutaneous nephrolithotripsy. Early renal 
angiography and superselective coil embolisation can play an integral diagnostic and therapeutic role.
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INTRODUCTION
Percutaneous nephrolithotripsy (PCNL) is a safe and 
effective treatment modality for the management of 
renal calculi. This technique is associated with high 
success rates, decreased morbidity, and few complica-
tions. The incidence of postoperative haemorrhage 
complicating PCNL ranges from 0.8% to 7%.1-8

PCNL has largely replaced open surgery for patients of all 
ages and for nearly all types of renal stones. The reported 
incidence of vascular injury and haemorrhage is lower for 
PCNL than for open surgery for renal stones.4 This study 
aimed to describe the use of renal angiography in the de-
tection of renal vascular injuries following PCNL, and to 

assess the efficacy of endovascular management of these 
complications with regards to the treatment outcome.

METHODS
Patients
This study was a retrospective review of 131 consecu-
tive patients who underwent PCNL for renal calculi at 
Changi General Hospital, Singapore, from January 2001 
to July 2005. The parameters assessed for each patient 
included preoperative investigation findings, surgical 
technique used, clinical presentation following surgery, 
type of renal vascular injury identified, embolisation 
technique, and therapeutic outcome, including the over-
all effect on haemoglobin and serum creatinine levels. 
Institutional review board approval was waived for this 
retrospective study.

Design
All patients who presented with significant postopera-
tive haemorrhage were evaluated by renal angiography 
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as a first-line imaging study. Those patients who had 
vascular complications identified by renal angiography 
were subsequently treated with superselective coil em-
bolisation in the same session.

Common femoral artery access was followed by an 
abdominal aortogram to demonstrate the vascular 
anatomy, determine the presence of accessory renal 
arteries, and exclude iatrogenic injury to extra-renal 
vessels. Selective renal arteriogram on the affected 
side was then performed following assessment of the 
anatomical configuration of the ipsilateral renal artery. 
After the site and type of vascular injury was identified 
by the renal arteriogram (Figure 1a), superselective 
catheterisation of the supplying vessel was then per-
formed using microcatheters. In all affected patients, 
coils were successfully deployed using this technique 
to exclude the lesion from the renal circulation without 
compromising the vascular supply to the rest of the 
kidney (Figure 1b). A completion angiogram was per-
formed 3 to 5 minutes after the procedure to document 
vascular stasis.

The mean follow-up period was 5.8 months (range, 1 to 
17 months). Subjective and objective criteria were used 
for the assessment of therapeutic outcome. Subjective 
assessment of a successful outcome was based on symp-
tom resolution, while measurements of haemoglobin 
and serum creatinine levels were used for objective 
assessment.

RESULTS
Four of 131 consecutive patients (3%) who underwent 
PCNL from January 2001 to July 2005 presented with 
significant postoperative haemorrhage, for which renal 
angiography was used to identify iatrogenic renal vascu-
lar injury. There were 3 men and 1 woman, with a mean 
age of 51.5 years (range, 45 to 62 years). All 4 patients 
were initially diagnosed with renal calculi measuring 
≥2.5 cm in widest diameter by intravenous urogram 
(Table 1). The transparenchymal postero-lateral ap-
proach was used during nephrostomy for all 4 patients. 
Three patients received a lower pole puncture, while an 
upper pole puncture was used to gain access to the renal 
calculi in the remaining patient. The NephroMax™ 
balloon (Boston Scientific, Natick, USA) was used 
for dilatation of the nephrostomy tract and the Swiss 
LithoClast® (EMS-Boston Scientific Corp, Natick, 
USA) was used for pneumatic and ultrasonic lithotripsy 
of renal calculi in all 4 patients (Table 1). The mean 
operative time was 102.5 minutes (range, 80 to 115 
minutes).

Three patients presented with new-onset postoperative 
gross haematuria, one of whom complained of addition-
al ipsilateral loin pain. The remaining patient presented 
with haemorrhage from the nephrostomy site (Table 2). 
The mean time to presentation was 6.2 days (range, 4 
to 13 days) following PCNL. Renal angiograms were 
performed as first-line imaging studies for all 4 patients 
within 4 days of symptom presentation. Five arterial 

Figure 1. Selective left renal angiogram showing (a) a pseudoaneurysm (arrow) supplied by an upper pole posterior segmental branch of the 
left renal artery; and (b) post-coil embolisation showing successful occlusion of the supplying vessel and non-filling of the pseudoaneurysm.

(a) (b)
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lesions were diagnosed among the 4 patients. Three 
pseudoaneurysms and 2 arteriovenous fistulas were 
identified (Table 2).

All 4 patients were treated with superselective coil em-
bolisation, with completion renal angiograms demon-
strating exclusion of the vascular lesions from the rest of 
the renal vascular supply and vascular stasis. Resolution 
of haemorrhage occurred within 1 to 3 days for all 4 
patients. One patient had recurrence of gross haematuria 
12 days after PCNL despite successful superselective 
coil embolisation of an arteriovenous fistula. Repeat 
renal angiogram showed a pseudoaneurysm distinct 
from the previous arteriovenous fistula and subsequent 
superselective coil embolisation was successfully used 
to achieve symptom resolution with no further recur-

rence. No procedure-related complications such as non-
target embolisation, renal infarct, or groin haematomas 
were encountered.

At the time of presentation of significant haemorrhage, 
all 4 patients had elevation of serum creatinine levels 
and reduction of haemoglobin levels from their pre-
PCNL baseline values. Postembolisation, none of the 
patients required blood transfusion after the first day 
(Table 3) and no further deterioration of renal function 
was seen in the immediate postembolisation period (Table 
4). Clinically, complete cessation of gross haematuria 
and flank pain was achieved for all 4 patients within 1 to 
3 days. All 4 patients had an uneventful recovery. None 
of the patients had recurrence of symptoms during the 
subsequent clinical follow-up.

DISCUSSION
PCNL is the treatment of choice for most large renal 
calculi. Although the technique is safe and effective, 
complications of significant postoperative haemorrhage 
have been reported.1-4 Bleeding may also be encountered 
during puncture and track dilatation, but this often re-
sponds to the tamponade effect provided by placement 
of the nephrostomy tube.8

Table 1. Preoperative findings and surgical technique used for patients with iatrogenic renal vascular injuries following percutaneous 
nephrolithotripsy.

Patient	 Position of	 Size of	 Site of	 Number of	 Method of nephrostomy	 Method of
number	 renal calculus	 calculus (cm)	 nephrostomy	 punctures	 tract dilatation	 lithotripsy

1	 Left upper calyx	 2.5 x 2.0	 Upper pole	 1	 NephroMax 	 Swiss LithoClast
2	 Left renal pelvis	 2.5 x 2.2	 Lower pole	 1	 NephroMax 	 Swiss LithoClast
3	 Right staghorn 	 3.0 x 1.0	 Lower pole	 1	 NephroMax 	 Swiss LithoClast
4	 Right lower calyx	 2.5 x 2.5	 Lower pole	 1	 NephroMax	 Swiss LithoClast 

Table 2. Angiography findings and endovascular treatment in patients with iatrogenic renal vascular injuries following percutaneous 
nephrolithotripsy.

Patient number	 Clinical presentation	 Vascular lesion	 Artery involved	 Embolisation agent	 Outcome

1	 Bleeding from	 Pseudoaneurysm	 Left upper pole	 Coils	 Successful
	 nephrostomy site		  segmental artery
2	 Gross haematuria	 Arteriovenous fistula	 Left lower pole	 Coils	 Successful
			   segmental artery
3	 Gross haematuria	 Pseudoaneurysm	 Right lower pole	 Coils	 Successful
	 and right loin pain		  segmental artery
4	 Gross haematuria	 Arteriovenous fistula	 Right lower pole	 Coils	 Successful
		  and pseudoaneurysm	 segmental artery

Table 3. Haemoglobin levels before surgery, prior to embolisation, and after embolisation.

Patient number	 Haemoglobin levels (g/L)	 Blood transfusion

	 Before surgery	 Prior to embolisation	 After embolisation

1	 132	 107	 89	 1 day after embolisation
2	 158	 94	 86	 Nil
3	 132	 99	 90	 1 day prior to embolisation
4	 149	 147	 132	 Nil

Table 4. Serum creatinine levels before surgery, prior to emboli-
sation, and after embolisation.

Patient number 	 Serum creatinine levels (μmol/L)

	 Before	 Prior to	 After
	 surgery	 embolisation	 embolisation

1	 42	 59	 77
2	 88	 94	 105
3	 69	 81	 92
4	 90	 115	 116
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Nephrostomy-related vascular injuries are believed to 
be the result of trauma to either the anterior or posterior 
segmental arteries, rather than the smaller peripheral 
interlobular arteries, which are surrounded by dense 
parenchyma and therefore easier to tamponade with 
the nephrostomy tube.8 This is reflected in the patients 
in this study, for whom all the lesions arose from the 
segmental arteries. A transparenchymal postero-lateral 
puncture directed towards the fornix or infundibulum 
of a middle or lower pole calyx is theoretically the 
safest place because the puncture is most likely to pass 
through the area of Brodel’s avascular line (the least 
vascular portion of the kidney).7,9 However, despite 
using a transparenchymal postero-lateral approach, 4 
patients had renal vascular injuries in this study.

A relationship between multiple-access approaches in 
PCNL and postoperative vascular complications has 
previously been suggested.6,9 However, this was not the 
case in this study, as each of the 4 patients who had 
significant post-PCNL haemorrhage had only 1 nephro- 
stomy tract. Srivastava et al reported that a mean stone 
size of ≥2.97 cm significantly predicted for the occurrence 
of vascular complications following PCNL.5 In compari-
son, the mean stone size in this study was 2.6 cm. El-Na-
has et al concluded that significant risk factors for severe 
post-PCNL bleeding included an upper calyceal puncture, 
a solitary kidney, and a staghorn stone.6 In contrast, 3 of 
the 4 patients with significant post-PCNL haemorrhage in 
this study had lower pole punctures, while the remaining 
patient had an upper pole puncture (Table 1). In addition, 
only 1 patient had a staghorn calculus (Table 1), and none 
of the patients had a solitary kidney. Possible reasons for 
the apparent disparity between this study and those in the 
literature include differences in surgical technique and pa-
tient selection, although a larger study cohort is necessary 
for a more accurate assessment of the predictive factors 
for significant post-PCNL haemorrhage.

The incidence of 3% for serious iatrogenic post-PCNL 
vascular injury in this study is similar to that reported in 
other studies of 0.8% to 7%.1-8 All 4 patients presented 
within 2 weeks of PCNL, a time interval comparable 
with that of previous studies.5,7,8 Only 1 patient experi-
enced a recurrence of significant gross haematuria (after 
the first embolisation) on the 12th postoperative day, 
and was treated successfully with repeat embolisation. 
The second lesion was not identified during the first 
angiogram and this reflects the usefulness of a repeat 
angiogram in the detection and treatment of occult le-
sions on recurrence of symptoms.

Endovascular techniques are increasingly used to ac-
curately diagnose and effectively treat vascular compli-
cations arising from percutaneous renal surgery,7,8,10,11 
renal biopsies,7,12 and trauma,13,14 as well as rare con-
genital renal arteriovenous fistulas.15,16 The choice of 
embolic material depends on the site and accessibility of 
the vessel feeding the pseudoaneurysm or arteriovenous 
fistula.7 Phadke et al have recommended using steel 
coils after gelfoam pledgets for medium-sized feeding 
vessels.7 Steel coils without prior gelfoam pledgets were 
used successfully for similar medium-sized segmental 
arteries in all 4 patients with post-PCNL haemorrhage 
in this study (Table 1). By occluding the pressure head 
to the vascular lesion, coil embolisation of the offending 
vessel works similarly to surgical ligation, but without 
the risk of further renal parenchymal injury. The mini-
mally invasive nature and the rapid cessation of haem-
orrhage, together with minimal loss of renal function, 
makes superselective coil embolisation a valuable tool.

There are several limitations to this study. The rarity 
of significant post-PCNL haemorrhage enabled only 
a retrospective study to be performed for this small 
group of patients. Furthermore, all 4 patients who had 
superselective coil embolisation were only followed up 
clinically. It is uncertain whether their serum creatinine 
and haemoglobin levels returned to baseline levels. The 
authors recognise that renal ultrasonography and com-
puted tomography scans of the kidneys are potentially 
valuable non-invasive imaging modalities that can also 
be used to objectively assess the therapeutic outcome of 
embolisation for serious iatrogenic post-PCNL vascular 
injuries.

Renal angiography and embolisation play an important 
role in the early diagnosis and treatment of significant 
post-PCNL haemorrhage and should be considered as a 
first-line management tool.
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