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Materials and methods: A total of 23 patients with IRVIs were
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,R\¥| latrogenic Renal Vascular Injuries, initially evaluated Wlth_ uUsG Do_ppler followed by CT ang_lography and
RAP Renal Artery Pseudo Aneurysm, DSA was performed in 20 patients. Four out of 23 patients showed
PCNL Percutaneous Nephrolithotomy, spontaneous resolution as confirmed by preprocedural USG Doppler.
PCN Percutaneous Nephrostomy, DSA Endovascular embolization of IRVIs was performed using micro coils
Digital Subtraction Angiography, AVF . . . .

Arteriovenous Fistula in 19 patients. Technical success was confirmed at the end of the

procedure by a renal angiogram. The patients were followed up for a
period of 6 months to assess the clinical success.

Results: The most common cause of IRV in our study was PCNL seen
in 16(70%) patients followed by Partial Nephrectomy and PCN. All
patients presented to us within 10-14 days of the etiological event with
hematuria flank pain or drop in hematocrit. USG was able to detect
IRVIs in the form of RAPs in 17(74%) and perirenal/intrarenal
hematoma in 2(7%) cases. CT angiography was able to detect IRVIs in
all the patients, however, additional aneurysms in two patients were not
detected which were later seen on DSA renal angiography.
Embolization was performed for 21 aneurysms in 19 patients using
micro coils and showed 100 % technical and clinical success.
Conclusion: USG Doppler and CT angiography play a very important
role in diagnosis of iatrogenic renal vascular injuries. Endovascular
embolization is an effective and safe method for management of
injuries.
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Introduction:-

latrogenic renal injuries account for 50% of renal injuries [1, 2]; 15% of all invasive surgical or percutaneous
procedures cause vascular injuries. [3-5] Nephrolithotomy for higher urinary stones currently uses a percutaneous
technique. [6] Patients experience severe haematocrit drops, ongoing hematuria, or growing perirenal bleeds that
cause loin pain. [7] Moreover, between 70 and 80 percent of vascular injuries heal on their own [8]; only severe
bleeding, declining renal function, or renal haemorrhage that lasts longer than 72 hours require treatment. [8,9]
Pseudoaneurysm, arteriovenous fistula (AVF), active bleeding, etc. are examples of iatrogenic renal vascular injuries
(IRVIs). According to reports, these renal arterial injuries can be treated with selective transcatheter artery
embolization, a less invasive procedure (TAE). [10-13] The preferred course of treatment is endovascular, with
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angiography and targeted embolization anticipated to reduce renal tissue loss. [14-22] latrogenically-related renal
vascular injuries: aetiology. They result from a range of surgical and endourological treatments, such as partial
nephrectomy and percutaneous nephrolithotomy, percutaneous nephrostomy, percutaneous renal biopsy, and
endopyelotomy. Other uncommon reasons include Double-J catheter insertion via the ureter for urine drainage and
Percutaneous transluminal renal artery angiography. [23] Both PCNL and PCN are linked to particular difficulties
with accessing the collecting system and the nephrostomy tract. Injuries that could result from puncturing and
dilating the nephrostomy tract include lacerations, haemorrhage, parenchymal lesions, and vascular lesions,
according to Michel et al. [24] latrogenically-related renal vascular injuries result from numerous surgical and
endocrine procedures. Image-guided catheter placement and insertion into the renal collecting system is referred to
as PCN. [18] If the catheter is large enough to allow drainage of the urine collecting system or if a nephrostomy tract
is sufficiently dilated to allow a planned intervention through the tract itself, this will be successful (such as PCNL).
During a percutaneous nephrolithotomy, a rigid nephroscope is inserted into a sufficiently dilated nephrostomy route
to remove a renal or proximal ureteral calculus. Large stones may occasionally be broken up before being removed
using a percutaneous access tract. PCN is indicated for urinary obstruction caused by intrinsic or extrinsic sources
(stones, malignancy, iatrogenic), infected hydronephrosis/pyonephrosis, urinary leakage or fistulas, access for other
interventional procedures such as PCNL or antegrade ureteral stent placement, foreign body retrieval, chemotherapy
delivery, urinary diversion for hemorrhagic cystitis, and emergent drainage in settings of severe shock due to
urosepsis. [18,23] Because to high technical success rates in the 90% range, PCNL has now largely supplanted open
surgery for the extraction of practically all forms of renal calculi in patients of all ages [23, 25]. Although
percutaneous renal procedures are increasingly being used as the first line of treatment for a variety of renal and
ureteral diseases, problems are still a possibility with PCN and PCNL. To avoid vascular damage, interventional
radiologists traditionally target Brodel’s line under fluoroscopic or ultrasound guidance for needle entry and access
to the center of a posterior-facing, dorsolateral calyx.[36] The renal vein and renal artery lie in the central part of the
kidney, with the renal pelvis located posteriorly to these vessels. If this central portion of the renal pelvis is
punctured at any time during access or stone removal, a major vascular structure may be injured, resulting in
bleeding and other potential vascular complications. In addition, urinary leakage could occur due to incomplete
sealing of the catheter tract, as the renal pelvis may not be completely surrounded by renal parenchymal tissue.[23]
An increased number of punctures and improper puncture site, for example, too medial of an approach, can be
blamed for the development of vascular complications following percutaneous procedures. Therefore, it is of
paramount importance to adhere to Brodel’s line during initial access.[36] Even correct technique can result in
iatrogenic renal vascular injuries. [37] The most common cause of bleeding from renal vessels after these procedures
is the formation of a pseudoaneurysm or AVF.[29] These vascular lesions form when the nephrostomy tract passes
close to or directly posterior to the renal hilum, which can cause laceration of interlobar and lower-pole arteries. The
resulting damage in a high-pressuresystem will cause leakage into a lower pressure venous system, forming an AVF,
or into renal parenchyma or hilar tissue, forming a pseudoaneurysm. On the other hand, lacera-tion of larger anterior
or posterior segmental arteries usually causes severe acute bleed-ing.[27] Several authors have identified factors
associated with an increased risk of form-ing vascular lesions and hemorrhage after PCNL. [29,32,35] The presence
of partial stag-horn calculi, multiple nephrostomy tracts, the Amplatz method of dilation and total stone
burden/surface area of >1,000 mm2 are significant predictors of blood loss.[32] In one study, multiple nephrostomy
tracts and the presence of staghorn calculi significantly pre-dicted severe bleeding, defined as hemodynamic
instability requiring blood transfusion and super selective embolization for treatment.[35] The presence of a solitary
kidney, in-experienced operator, and upper caliceal puncture are also significant risk factors for se-vere bleeding.
[32] In their report, EINahas et al [35] described physiologic compensatory hypertrophy and increased size of
solitary kidneys leading to an increased risk of bleeding with more damage to renal tissue and vascular supply. In
addition, upper caliceal punc-tures requiring a more oblique and longer nephrostomy tract often result in changes to
the direction of the tract and a higher rate of injury to adjacent parenchyma and vasculature. Arteriosclerosis,
diabetes mellitus, hypertension and advanced age also predispose a pa-tient to renal bleeding.[27] Finally, Srivastava
et al concluded that mean stone size signif-icantly predicted severe vascular lesions following PCNL for
symptomatic stone dis-ease.[29] Clinically, patients with iatrogenic renal vascular injuries present with non-
resolving postoperative gross hematuria, unremitting unilateral flank and/or loin pain, continued hemorrhage from
the nephrostomy site, acute increase in serum creati-nine, or a drop in hemoglobin/hematocrit that could manifest as
hemodynamic instabil-ity.[25,26] Vascular injuries such as AVF and pseudoaneurysm may manifest even 3 weeks
after the initial percutaneous procedure.[24 ]

Radiologists play a key role in the diagnosis of these injuries. Colour Doppler so-nography and Computed
Tomography (CT) scan are usually the first imaging modalities in the evaluation of patients with suspected renal
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vascular injuries. CT scan provides in-formation similar to that of renal Doppler sonography, yet with more detail
owing to its high spatial resolution. The advantage of Computed Tomography and Magnetic Reso-nance Imaging
over US is the ability to provide a more comprehensive assessment of the renal vascular anatomy with multiplanar
imaging and reconstruction, which is non-operator dependent. Digital Subtraction Renal angiography still remains
the gold standard in imaging of renal vasculature, however it is rarely performed solely in a diag-nostic context due
to its invasive nature so it is reserved mainly for cases aimed with therapeutic goal in mind or in cases where
diagnosis is unclear. lerardi et al suggested that a post-renal procedure patient presenting with acute flank pain or
gross hematuria should undergo color Doppler sonography, Contrast Enhanced Computed Tomography (CECT), or
Magnetic Resonance Angiography (MRA).[26] Some authors describe renal an-giography as the primary imaging
study to evaluate those patients with significant post-operative hemorrhage because of the high likelihood of a
positive angiogram and the op-portunity to intervene. [25] Colour Doppler sonography is important in non-
invasivefol-low up of patients who have undergone percutaneous and vascular interventional proce-dures, and in
patients who are at risk of developing renal vascular complications like pseudoaneurysm, artero-venous fistula etc.
In pseudoaneurysm, Doppler sonography shows swirling, bidirectional blood fow within the lesion. Renal
angiography confirms the finding and also helps in detecting the site of pseudoaneurysm and clearly displaying the
renal artery branch from which it arises. In artero-venous fistula, colour Doppler sonography shows complex high
frequency pulsatile flow. Retroperitoneal hematomas and AVFs can be detected using duplex ultrasound. However,
Vignali et al reported that 4 of 10 pseudoaneurysms in their patient sample were not identified with duplex
ultrasound.[27] The development of multislice CT scanners has increased both the sensitivity and specificity in
identifying renal vascular lesions. CT has become the imaging modality of choice for the evaluation of renal trauma
and other associated injuries, providing the essential anatomic and functional information necessary to determine the
type and extent of parenchymal, vascular or collecting system injuries and associated abdominal injuries. In
addition, CT can help detect active hemorrhage and urine leakage and is of great help in guiding transcatheter
embolization and delineating preexisting disease entities that may predispose to post traumatic hemorrhage. In fact,
CT may be the first choice to detect iatrogenic kidney injury.[28] CT confers the added advantage of imaging the
entire genitourinary tract in addition to the kidneys. Moreover, CT angiography is very highly sensitive in revealing
renal vascular injuries in even the most peripheral sites. On CT angiography, hemorrhage is seen as active
extravasation of contrast [26] and AVFs can be detected during the arterial phase, during which there will be early
or simultaneous opacification of one or several intrarenal arteries and veins. A pseudoaneurysm presents as an ovoid
or round contrast-containing abnormality that communicates with a ruptured vessel wall. [38-41] With these
developments, renal angiography now shares a more limited diagnostic role and should be used primarily when
planning a percutaneous intervention. MANAGEMENT Most renal vascular injuries are minor and resolve
spontaneously with conservative treatment[26] but some of these injuries are potentially life threatening and
necessitate rapid clinical evaluation and treatment.[42] During PCNL itself, excessive bleeding is usually venous
and easily controlled by noninvasivemaneuvers, such as clamping the nephrostomy tube, Kaye balloon tamponade,
adequate hydration, mannitol administration or placement of a larger nephrostomy tube.[29] Conversely, arterial
injuries result in significant bleeding, which may not only result in formation of AVF or pseudoaneurysm but may
also require invasive procedures for bleeding cessation and prevention of loss of renal function. In the past,
treatment of acute iatrogenic injury of the renal artery consisted of an open procedure with renal artery ligation
followed by bypass graft placement or nephrectomy.[26] However, technological advances in minimally invasive
endourological procedures and other conservative treatments have shifted the paradigm of management away from
initial surgery. One of the most widely accepted treatment strategies is now Super selective Renal Artery
Embolization (SRAE). In fact, SRAE is now accepted as the most appropriate treatment of iatrogenic renal vascular
pseudoaneurysms that arise peripherally in the kidney and does not respond first to conservative maneuvers.[27,30]
Emergency TAE is an effective treatment modality for management of hemodynamically unstable patients with
renal pseudoaneurysm or renal arteriovenous fistula.[43] In addition, this presents a unique instance in which
diagnostic and interventional radiologists are enmeshed in the cause of iatrogenic injury (e.g., by PCN,PCNL, or
percutaneous renal biopsy) subsequent diagnosis and initial management. Multiple series havedemonstrated that
SRAE for managing renal vascular injury has high technical and clin-ical success rates, with low complication rates.
While surgery is generally fraught with more risk of tissue loss and other complications, SRAE often results in less
parenchymal tissue sacrifice, when the alternative might be partial or complete nephrectomy. [30,31] SRAE
involves the precise identification of the site of the bleeding renal vascular lesion and to provide the highest
selectivity possible. Super selective access of the target renal ar-tery branch is achieved using hydrophilic catheters
and low-profile microcatheters. An embolic agent is administered via the catheter to perform a distal and irreversible
occlu-sion of the target bleeding vessel, with resulting complete hemostasis.[27] By eliminating the pressure head to
a vascular lesion such as an AVF or RAP, selective embolization works similarly to surgical ligation of a bleeding
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vessel, with a lower risk of further parenchymal injury.[27] The choice of embolic agent varies widely in the
published liter-ature and is oftentimes reported as dependent on the operator’s preference. Sole use or a combination
of gelatin sponges, micro coils, polyvinyl alcohol particles, n-butyl cy-anoacrylate, iodized oil mixture, or
microspheres has been reported.[26] Each embolic material has its own advantages. Gelatin sponges are
biodegradable and can be used re-peatedly until the target lesion is occluded, while micro coils are known for
greater effica-cy and ability to be administered more distally and selectively to minimize parenchymal loss.
Nevertheless, the embolic material should be chosen with consideration of the site, size and flow pattern of the
target vasculature as well as institutional availability and ex-perience of operator.[32] The technique of trans-
catheter renal artery embolization is usu-ally straight forward. The renal artery is catheterized using a femoral
approach. A 6 French (6F) vascular sheath is placed in the desired vein using modified Selinger tech-nique and 4 or
5 F C2 Cobra catheter is inserted in renal artery directly or after doing flush aortography to reveal the origin of the
renal vein in difficult cases. Super-selection of the targeted vascular lesion can be achieved using micro
catheters.[33] The vascular lesion is then embolized using different embolic agents, each suited to a different type of
vascular pathology, where vascular coils are used in pseudoaneurysms and in proximal occlusion of extravasating
arteries as well as AV fistulae at the arterial side. Polyvinyl Alcohol parti-cles (PVA) are used to embolize vascular
lesions with multiple collateral arterioles and vascular beds especially with tumors. Gelatin sponge “Gel Foam”
pledges are used with small temporary iatrogenic bleeders; it also can be used when other agents are not availa-ble
and on emergency basis.[33] Technical success in the majority of SRAE series is de-fined as complete occlusion of
the targeted bleeding site or vascular lesion on angi-ography. Meanwhile, clinical success is described as the lack of
clinical or imaging evi-dence of further bleeding after SRAE, such as the absence of hypotension, gross hematuria,
or retroperitoneal hematoma. Two recent series illustrate the high technical and clinical success rates of SRAE.
[26,30).

Materials and Methods:-
Type of study: It was a prospective study conducted in north India from Sept. 2018 for a pe-riod of two years.
Ethical approval was obtained from the institutional ethics committee.

Subjects:

All suspected cases of renal vascular injury following renal intervention, irrespec-tive of age and gender, were
included in the study. Renal vascular injury was suspected in the presence of persistent haematuria, flank pain, drop
in haematocrit or continuous bleeding from the nephrostomy site. Patients who had history of allergy to iodinated
con-trast were excluded from the study.

Clinical and Demographic profile:
Clinical data was acquired from the medical records. The type of procedure performed and clinical features were
documented for each patient.

Imaging Technique:

All suspected cases of iatrogenic renal vascular injury were evaluated by a Doppler USG at the time of presentation
followed by CT angiography in all patients. All CT angiographies were performed with non-contrast, arterial and
venous phases us-ing lodinated 1V contrast agent.

Image Analysis:

The images were reviewed on a dedicated CT console along with recon-struction techniques like 3D, MPR, VRT for
features of the IRVI including contrast en-hancement, contrast extravasation, size, the segmental branch of origin,
and any renal ar-terial variations were noted. IRVI findings were described as follows: Evidence of contrast medium
extravasation during the arterial phase, expanding in the venous phase, was used to define active bleeding [13] The
presence of a perivascular contrast medium, with the same enhancement of the neighbouring artery and the same
size during all phases, was used to identify pseudoneurysms [13] Early (arterial) opacification of renal vein indi-
cates an arteriovenous fistula. Main and segmental artery-related IRVI were categorized as proximal, whereas
interlobar, arcuate, and interlobular artery-related IRVI were catego-rized as distal. On CT, the degree of injury was
identified, and confirmed by DSA diagnos-tic runs during the RAE procedure.

Endovascular Embolization technique:

Common femoral artery was punctured with a 18 gauge single wall puncture needle and vascular assess secured
with a 6F vascular sheath. Initially DSA aortogram was obtained to visualize the vascular anatomy. Catheters like

1378



ISSN: 2320-5407 Int. J. Adv. Res. 11(04), 1375-1385

RDC& COBRA were used for hooking the Renal vessel based on the type of origin as as-sessed on CT angiography.
Selective/super selective renal arteriogram on the side of injury was obtained using a micro catheter (PROGREAT)
to confirm the presence of injury, ob-tain size of the feeding vessel and look for additional pseudoaneurysms if any
missed-on CT angiography. Embolization of the feeding vessel done in almost all patients, using mi-cro coils that
were approx. 25% larger in size than the feeding vessel (Figure 1a-1f). Selec-tive renal angiogram was obtained in

Figure 1(a-f): -Renal artery pseudoaneurysm: 37-year-old male presented with hematuria and decrease in
haematocrit after PCNL. USG Doppler(a-b), CT angiography (single black arrow) and CT VRT (white arrow)
angiography(d) shows typical features of RAP Yin yang(star)flow(b) at mid pole. DSA renal angiography (e)

confirms the diagnostic suspect of RAP (curved arrow) involing interpolar artery which was subsequently embolized
(two black arrows) with coils(f).

Results:-

A total number of 23 patients were included in our study. There were 18(78%) males and 5(21%) females. The mean
age of the patients was 37.9 + 4.73 years (range 21 to 64 years). (TABLE1) The causative procedures were
percutaneous nephrolithotomy (PCNL) in 16(70%) of our patients, partial nepherectomy in 5(22%) cases and
percutaneous nephrostomy (PCN) in 2(8%) cases. The clinical presentation was hematuria with drop in haematocrit
in 12(52%), hematuria alone in 9(40%) patients, flank pain with drop in haematocrit and flank pain with bleeding
from nephrostomy site in one patient each. Out of 23 patients, 18 (78%) presented between 7-14 days while 5(22%)
presented between 14-21 days. The mean time of presentation in our study was 13.3 + 3.1 days. Among the types of
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IRVIs, renal artery pseudoaneurysm was seen in all 23 patients with associated arteriovenous fistula in only one
patient.

Table 1:-
USG findings Number Percentage
No injury seen 4 17.4
Pseudoaneurysm seen 17 73.9
Arteriovenous fistula 0 0.0
seen
Both pseudoaneurysm 0 0.0
and AVF seen
Peri renal or Intrarenal 2 8.6
haematoma
Total 23 100

USG Doppler was able to detect IRVI in the form of RAP in 17(74%) patients and perinephric haematoma in 2(9%)
patients. (TABLE 2) USG findings of RAPs were noted in the form of anechoic area on gray scale and to and fro
flow in the form of ying yang sign on color Doppler imaging

Table 2:-
CT Angiographic findings Number Percentage
No injury seen 0 0.0
Only Pseudoaneurysm seen 22 96

Both pseudoaneurysm and AVF 1 4

seen
Active extravasation 0 0.0
Total 23 100

CT angiography was able to detect IRVI in the form of RAP in all 23(100%) patients. Asso-ciated AVF was seen in
one patient. The mean size of the RAP in our study was 5.5 £ 1.5 mm (range 3mm to 10 mm) (TABLE 3)

Table 3:-
DSA renal angiography findings Number Percentage
No injury seen 0 0.0
Only Pseudoaneurysm 18 96
seen
Both pseudoaneurysm 1 5.0
and AVF seen
Active extravasation 1 5.0
Total 20 100

We performed DSA renal angiography in 20 out of the 23 patients based on hemodynamic instability and CT
features. We found 21 RAPs in 19 patients on DSA due to detection of an additional RAPS in 2 patients not seen on
CT angiography. One patient out of 19 showed an AVF in addition to RAP. One patient with evidence of RAP on
CT showed no RAP on DSA. However, a large RP hematoma was noted in this patient suggesting rup-ture of the
RAP (TABLE 4)

Table 4:-
Outcome Number Percentage %
Embolized and 19 83.0
improved
Spontaneously 4 17.0
improved
Total 23 100

Nineteen patients with IRVI in the form of RAPs and AVF were embolized in the same set-ting using micro coils.
Four patients with RAPs resolved spontaneously and were man-aged conservatively. Completion angiography
showed technical success with complete exclusion of RAP and AVF from the renal circulation in all the 19 patients
(100%). No major complication was encountered in any of the patients. Post procedure renal function was
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maintained in all patients. All the patients showed improvement in hemodynamic stability and settling of hematuria
over 5 to 12 days after embolization. Four patients who were managed conservatively showed spontaneous
resolution of RAPs seen on follow up color Doppler USG. Clinical and imaging follow up with USG Doppler at 3
and 6 months revealed complete resolution of symptoms normal doppler study in all patients (TABLE 5)

latrogenic injury Number Percentage

PCNL 16 69.6

PCN 2 8.7

Partial Nephrectomy 5 21.7

Total 23 100
Discussion:-

Our study was carried out in a tertiary care institute of north India, in the Depart-ment of Radio diagnosis & Imaging
for a period of 2 years during this period 23 cases were enrolled with features of latrogenic renal vascular injuries
(IRVIs) which were sus-pected by Department of Urology and referred to Department of Radiodiagnosis &Imag-

ing.

The most common latrogenic renal vascular injury (IRVI) was renal artery pseudo-aneurysm (RAP) seen in all the
23(100) % patients which were combine detected by mul-timodality imaging like Color Doppler USG and CT renal
angiography evaluation of these patients and AVF is detected in one patient.

In our study we assessed 23 patients with post renal intervention IRVIs having a mean age 37.9 + 4.73 years (range
21 to 64 years) with male to female ratio was 18(78%): 5(22%). These results are supported by previous studies
conducted by Guo H et al [14] and Chiramel GK et al [1] 23 patients with features of iatrogenic renal vascular
injuries were preliminary detected by USG which were confirmed by MDCT renal angiography. Among these 23
patients 19patients underwent interventional management, 4 were managed conservatively and shows spontaneous
resolution. The common causes of iatrogenic renal vascular injuries among our patients were renal intervention in
the form of percutaneous nephrolithotomy (PCNL) in 16(70%) of our patients, partial nepherectomy in 5(22%)
cases and percutaneous nephrostomy (PCN) in 2(8%) cases. These results are concordant with previous studies
conducted by Chiramel GK et al [1] who also found PCNL as the most common cause of IRVI. The patients
presented with hematuria and drop in haematocrit 12(52%), 9(40%) patients had only hematuria, 1(4%) patient had
drop in haematocrit and flank pain and 1(4%) patient had bleeding from nephrostomy site and flank pain. These
results were also found in the study conducted by Guo H et al. [14]

The mean time of presentation in our study was 13.3 = 3.1 days. The most common time of presentation was
between 10-14 days post the etiological event. Of the 23 patients 18 (78%) presented between 7-14 days while
5(22%) others presented between 14-21 days. This time interval corresponds to findings in the literature which show
that pseudoaneu-rysms or arteriovenous fistulas were detected from one day up to several months after surgery, with
an approximate mean of between 8 and 15 days.[15,16]This is similar to the mean time of presentation in previous
studies by Venkateswarlu J et al (11.5 days),[17]Cohenpour M et al(8-10days),[18] Li L et al(10.5 days)I[19] and
Guo H et al(14 days).[14]In our study, all the patients who presented with hematuria and drop in haematocrit after
post renal intervention were initially evaluated by a color Doppler USG (GE LOGIC P5) at the time of presentation
followed by CT angiography irrespective of the presence or absence of any injury on color Doppler examination.
USG Doppler was able to detect IRVI in the form of RAP 17 (74%) patients and perinephric haematoma in 2(9%)
patients. USG findings of RAPs were noted in the form of anechoic area on gray scale and to and fro flow in the
form of ying yang sign on color Doppler imaging. All CT angiographies were per-formed on CT SOMATOM
SENSATION 64 and non-contrast, arterial phase and venous phases were obtained using iodixanol (visipaque 100
ml) as the contrast agent. The imag-es were viewed on a dedicated workstation and source, 3D MIP and VRT
images were re-constructed and features of the IRVI including its contrast enhancement features, contrast
extravasation, size, the segmental branch of origin, and any renal arterial variations were noted using MIP images.
CT angiography was able to detect IRVI in the form of RAP in all 23(100%) patients. The mean size of the RAP in
our study was 5.2 £ 1.5 mm (range 3mm to 10 mm). We also observed one AVF in one patient in addition to RAP.

Digital subtraction angiography was performed in 20 out of the 23 patients based on hemodynamic instability and
CT features. We found 21 RAPs in 19 patients on DSA due to 1 additional RAPSs in 2 patients in which only 1 RAP
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was found on CT angiography and subsequent embolization was performed in these 19 patients. One patient shows
evi-dence of AVF in addition to RAP and one patient with evidence of RAP on CT showed no evidence of any RAP
on DSA, however a large RP hematoma was noted in this patient suggesting rupture of the RAP. Similar results with
angiography were observed by Guo H et al [14] and Venkateswarlu J et al [17] who in their studies found DSA to be
100% sensi-tive investigation for IRVI. Thus, angiographic studies although invasive in nature remain the gold
standard for diagnosis of IRVI and may help in the diagnosis of the smallest of the pseudoaneurysm that may not be
visible on USG or CT angiography. Nineteen pa-tients with IRVIs in the form of RAPs and AVF were taken up for
endovascular manage-ment using common femoral artery access. It was achieved using a 6F vascular sheath was
secured and followed by an abdominal aortogram to demonstrate the vascular anatomy. A RDC or COBRA catheter
was used for hooking the renal artery based on the information regarding origin from CT angiography
Selective/super selective renal arte-riogram on side of injury was obtained using micro catheter
(PROGREAT/COBRA) for assessment of renal artery anatomy. The presence of IRVI was confirmed on a selective
renal angiogram, size of the feeding vessel was obtained and a search for any other pseu-do aneurysm was made.
All the patients underwent embolization of the feeding vessel using micro coils that were at least 20% larger in size
than the feeding vessel. A comple-tion selective renal angiogram was taken in each case to ascertain the technical
success. A technical success rate of 100 % was achieved in our study with post embolization comple-tion
angiography showing no evidence of any RAP or contrast extravasation. Similar technical success rates were
achieved by Guo H et al,[14] and lerardi et al [10] in their studies. In our study, 4 patients were not taken up for
intervention. However spontaneous resolution of small RAP’s has been found by Takagi et al [20] who in his study
of 117 CT angiographies post renal intervention found 17 Raps’ out of which 5 showed sponta-neous resolution.
The size of these aneurysms was less than 4mm in all the cases which is similar to our study.

No major complication was observed in our study after embolization procedures of IRVIs. These findings are
similar to those of Guo H et al [14] with no major complication in their study and 4(15%) out of 27 patients
developing post embolization syndrome. No major complication was noted by Angle JF et al,[21] Martin X et
al,[22] Halloul Z et al [23] and AnT et al [24] in their studies.

Follow up in the form of clinical and USG Doppler evaluation was done at 3- and 6-months showing resolution of
symptoms and no evidence of IRVIs. Clinical success was defined as absence of clinical and imaging evidence of
bleeding as determined by resolu-tion of gross hematuria, retroperitoneal bleeding, further decrease in haematocrit
and hy-potension after TAE. [25] Thus a clinical success rate of 100% was achieved in our study (Figure 2. This
success rate is similar to those of Guo H et al. [14] and lerardi et al. [10] having clinical success rates of 96.5% and
95% respectively. A success rate varying be-tween 80-100% has been described by other researchers in their study
like Wang C et al [26] and Zakabrium et al [27].
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Figure 2a-d. Renal artery pseudoaneurysm: 37year old presented with gross hematuria on 7th day after PCNL with
DJ stenting for nephrolithasis. USG Doppler Yin yang (white arrow) flow (a) and CT renal angiography(b) shows
typical features of RAP (two white arrows) at lower pole. Selective DSA renal angiography(c) confirms the
diagnosis of RAP (star) and subsequently embolized (d) with Nester coils (triangle)

Conclusions:-

Percutaneous renal intervention is the most frequent cause of IRVI in our setting. USG Doppler and CT plays very
important role in latrogenic renal vascular injuries as USG Doppler was able to detect IRVIs in the form of RAPs in
73% of patients and CT renal an-giography is able to detect IRVIs in the form of RAPs in all (100%) the patients in
our study. Endovascular angioembolization is effective and safe for the management of IRVIs with high technical
and clinical success.
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