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Abstract. Surgical procedures in highly vascularized renal parenchyma sometimes can cause iatrogenic vascular complications.
Although incidence renal pseudoaneurysms after partial nephrectomy is low, around 1%, clinical presentation of these patients can
be quite severe — hematuria, lumbar pain, dizziness, weakness. Prompt and precise diagnostics and treatment are essential. Ultrasound
and Computed Tomography are two most common diagnostic approaches for the assessment of pseudoaneurysms or arteriovenous
fistulas following partial nephrectomy. Endovascular selective microcoil embolization is a safe and effective kidney-preserving procedure
for treating iatrogenic vascular complications. Although when embolizing renal arteries some of renal parenchyma loses perfusion and
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becomes fibrotic, no significant decrease in renal function in early post-embolization period was noted. Comparing open surgery to
endovascular treatment of pseudoaneurysms, latter one allows shorter average hospital stay and less frequent cardiac and peripheral
vascular complications. The article discusses a case of a patient that had developed renal pseudoaneurysm after partial nephrectomy.
During a routine check-up of a middle-aged woman a presumable renal cyst was found. On more throughout examination the cyst was
ruled as a tumour and partial nephrectomy was performed. After 12 days from surgery patient was admitted to hospital complaining
macrohematuria, lower abdomen pain, episodic right-side ache. Urgent contrast enhanced computed tomography was performed,
which confirmed that patient was bleeding from the operated kidney. Patient was admitted to interventional radiology departament and
perform embolization of bleeding vessel. After embolization of pseudoaneurysm, bleeding was controlled and patient was completely
treated.

Key words: pseudoaneurysm, kidney, treatment, embolization, partial nephrectomy.

Pooperacinés pseudoaneurizmos, susidariusios atlikus inksto parenchima tausojancia rezekcing operacija,
gydymas embolizacijos metodu: klinikinis atvejis ir literatiiros apzvalga

Santrauka. Gausiai vaskuliarizuotoje inksty parenchimoje chirurginés procediros gali sukelti jatrogeniniy kraujagysliniy komplikacijy.
Atlikus inksto rezekcija, kraujagysliniy komplikacijy daznis yra Zemas (apie 1 proc.), tac¢iau pacienty klinika gali bati gana ami (pasireiskia
hematurija, juosmens skausmas, svaigimas, silpnumas), todél siems pacientams gydyti itin svarbi greita ir tiksli diagnostika. Du pagrindi-
niai diagnostiniai metodai, taikytini atlikus inksto rezekcija, siekiant jvertinti pseudoaneurizmas ar arteriovenines fistules, — ultragarsas
ir kompiuteriné tomografija. Gydant jatrogenines kraujagyslines komplikacijas, saugi ir efektyvi procedira, iSsauganti inksty funkcija, —
selektyvi endovaskuliné embolizacija mikrospiralémis. Embolizuojant inksty arterijas, dalis parenchimos netenka perfuzijos ir perauga
fibroziniu audiniu, taciau inksty filtraciné funkcija ankstyvuoju poembolizaciniu laikotarpiu statistiskai reikSmingai nesumazéja. Palyginus
atvirajj chirurginj gydyma ir endovaskulinj pseudoaneurizmy gydyma, galima teigti, kad pastarasis gydymo budas lemia trumpesne pa-
cienty gydymo ligoninéje trukme, jam badingas mazesnis Sirdies ir periferiniy kraujagysliy komplikacijy daznis. Straipsnyje aptariamas
klinikinis atvejis, kai, atlikus inksto rezekcija, pacientei susiformavo inksto pseudoaneurizma. Inksto rezekcija pacientei atlikta dél darinio
inkste, rasto rutininio patikrinimo metu. Kaip paaiskéjo véliau, darinys buvo ribinio piktybiskumo. Praéjus 12 dieny po operacijos, pacienté
pateko j ligoning, nes Slapime pastebéjo kraujo, skaudéjo apatine pilvo dalj, protarpiais maudé desinj Sona. Atliktas skubus kompiuterinés
tomografijos kontrastinis tyrimas parodé kraujavima i$ operuoto inksto. Pacienté perkelta j intervencinés radiologijos skyriy, kur atlikta
kraujuojancios kraujagyslés embolizacija. Atlikus embolizacija, kraujavimas sustabdytas, pacienté visiskai isgydyta.

Reiksminiai Zodziai: pseudoaneurizma, inkstas, gydymas, embolizacija, inksto rezekcija, onkologija.

Introduction

During recent years whole medicine is moving to minimally invasive medicine, with goals to preserve patients’
healthy tissues, reduce pain, have less complications and shorten hospital [1]. Partial nephrectomy is one of
the examples of minimally invasive surgery, often performed laparoscopic and used for treating well-contained
renal tumours [2].

The increased number of performed partial nephrectomies means higher number of iatrogenic vascular
complications [3]. These complications often form specifically in kidneys due to highly vascularized renal
parenchyma. Most frequent vascular complications are arteriovenous fistula and pseudoaneurysm, with latter
being more common. Other possible causes of vascular complications occurrence include abdominal injuries
and congenital defects [4].

Most common clinical presentation of iatrogenic vascular complication is hematuria. Some patients may
also report lumbar pain, general fatigue and weakness. If macrohematuria is present patients may develop
hemodynamic disorders, therefore these patients should be evaluated quickly and precisely.

According to algorithms, ultrasound imaging is in the first place for evaluation of suspected postoperative
and trauma induced iatrogenic vascular complications. However, specialists and machinery needed for this
evaluation may be not always available. Second best option is computed tomography with contrast enhance-
ment. This method is used frequently due to its objectivity, precision and availability. Finally, patients can be
referred for angiography with a possibility of simultaneous embolization of iatrogenic vascular complications.

This paper discusses a case of a patient diagnosed with a renal pseudoaneurysm after a partial nephrectomy,
who was treated with endovascular embolization in the Department of Radiology and Nuclear Medicine.
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Case report

A 52 year old woman arrived at a hospital for a routine health check-up. Abdominal ultrasound revealed
a 4.5 cm diameter lesion in the right kidney. Patient was directed to perform a contrast-enhanced computed
tomography (CT), which was performed to specify the nature of the formation. CT found 49 mm x 34 mm
cyst in the middle-lower portion of right kidney with septum and contrast accumulation (Figure 1), it was
classified as Bosniak IIT and partial nephrectomy was chosen as a main choice of treatment.

Figure 1. A contrast-enhanced Computed Tomography of abdomen was performed (a 49 mm x 34 mm cyst in the
middle-lower portion of right kidney with septum and contrast accumulation was found (white arrow)

Partial resection of the lower lobe of right kidney was performed. Before surgery blood creatinine was
83 umoL/L and estimated glomerular filtration rate (¢GFR) was 73 mL/min/1.73 m?. During operation,
a 45 mm size capsule deforming lesion of the right kidney was visualised and removed from the patient.
Hystologic diagnosis revealed the lesion to be renal chromophobic carcinoma (G1, according to Paner modi-
fied chromophobic carcinoma scheme), pT1a (35 mm, kidney limited lesion). Carcinoma structures were
0,1 mm distance from parenchyma resection borders, confirming that radical resection of the tumor was
achieved. Five days after partial nephrectomy patient was feeling satisfactorily, was urinating normally and
did not mention any pain in the lumbar region. Renal function was normal, creatinine was 86 pmoL/L and
eGFR was 70 mL/min/1.73 m?.

After 11 days from operation patient noticed red urine and started to feel pain in lower right abdomen.

In the emergency department, patient’s examination found right hydronephrosis due to blood clot and
hemathoma and hematuria with urine bladder tamponade. Laboratory tests revealed anemia (hemoglobin
was 0.86 g/dL) and renal function deterioration (creatinine increased till 100 pmoL/L and eGFR was 58 mL/
min/1.73 m?).

Cause of hematuria had to be determined, therefore urgent contrast enhanced computed tomography
was performed (Figure 2) — contrast extravazation was found on the lower third of the right kidney (area of
surgery), along with subcapsular hemathoma. Right hydroureteronephrosis and fluid in pelvis were observed.
Blood clots and a small amount of contrast in the bladder were seen.
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Figure 2. Contrast extravazation was found on the lower Figure 3. Blood in bladder (grey area in bladder), small
third of the right kidney (white arrow), subcapsular he- amount of contrast in the bladder (bladder is full, with
mathoma (grey arrow) catheter inside it)

Patient was admitted to interventional radiology departament for embolization of the bleeding vessel int
resected part, before it drainage and lavage of urinary bladde was perfomed and hemotransfusion started.

Right femoral artery was punctuated under local anesthetic. Inferior segmental artery was selectively cathe-
terized and pseudoaneurysm was visualized. A microcatheter was inserted into segmental branch (Figure 4).

Figure 4. Renal pseudoaneurysm catheterized and Figure 5. Pseudoaneurysm embolized using 3 coils
visualized using contrast solution

Pseudoaneurysm was embolized with two 8 mm x 20 c¢m coils, an additional coil of 12 mm x 30 cm
(Figure 5).

Control angiography with contrast was performed. Pseudoaneurysm was completely occluded and no
longer visible (Figure 6). No extravasation was found.

After embolization, creatinine decreased till 83 pmoL/L and eGFR was 73 mL/min/1.73 m?. Pseudo-
aneurysm was no longer visible, as well as small segmental branches. Vascularization of renal parenchyma is
reduced.

Contrast enhanced computed tomography was performed on patient as a check-up after pseudoaneurysm
embolization. Scarring tissues near the lower lobe of resected right kidney and -3 milimetres size hyperdensive
lesion were found. Renal collectoric systems were not spread out. No signs of recidyves/progression of renal

cell carcinoma were found.
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Figure 6. Control angiography after embolization (pseudoaneurysm is no longer visible; small segmental branches in
renal parenchyma are not visible)

Discussion
Chromophobe renal cell carcinoma

Chromophobe renal cell carcinoma (chRCC) is the third most common type of renal cell carcinoma (RCC)
with distinct biology compared to other kidney cancer subtypes. The heterogeneity between the RCC subtypes
is associated with noticeable differences in tumor aggressiveness and risk for the development of metastatic
disease. Comparing chromophobe renal cell carcinoma to renal clear cell carcinoma, the first one metastasizes
less frequently and usually the clinical presentation is less aggressive as compared to renal clear cell carcinoma.
Most patients with chRCC are asymptomatic at the time of diagnosis.

Gold standard treatment of localized chRCC is surgery, which partial nephrectomy being favored by sur-
geons due to its advantages compared to radical nephrectomy. For tumors less than 3 cm, ablative procedures
such as cryosurgery, radiofrequency, or microwave ablation are alternate options but have a relatively higher
risk of local recurrence than conventional surgery [5]. Currently, there is no role for adjuvant therapy after
definitive surgery for stages I-III chRCC.

Our patient was treated with partial nephrectomy due to the size of the tumor and goal to preserve renal
parenchyma as much as possible.

Pathology mechanism

Partial nephrectomy is often used for treatment of renal tumors, since this procedure shows similar oncologic
outcomes compared to total nephrectomy, but has lower risk of post-operative chronic renal failure [6, 7]. Re-
nal iatrogenic vascular complications (pseudoaneurysms, arteriovenous fistulas) often form after a trauma or
percutaneous urologic procedures, laparoscopic and open surgeries [3]. This is due to highly vascularized renal
parenchyma. Pseudoaneurysm are local disruptions of the vascular wall leading to turbulent blood flow and
hematoma formation. Walls of pseudoaneurysms are formed by only one or two of the three normal arterial
walls layers, typically the adventitia alone [8]. Partial nephrectomy and percutaneous kidney biopsy are two
procedures that most commonly cause iatrogenic vascular complications. Frequency of these complications
after partial nephrectomy is relatively low (around 1%) [9, 10]. These complications should be taken seriously,
since iatrogenic vascular lesions can lead to severe hematuria, blood loss and hemorrhagic shock. According
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to literature, symptoms usually appear few hours after renal surgery or procedure, but delayed presentation
after a couple of weeks or months is not uncommon and may have severe consequences [11]. On other hand,
patients can be completely asymptomatic and vascular malformations can be found on routine check-ups.

Diagnostics

Diagnostics of these post-operative complications should be prompt and precise, since rapidly decreasing
blood hemoglobin concentration is a life-threatening situation. Unfortunately, often symptoms are unspe-
cific — hematuria, flank pain, hypotension, weakness, and fever — or delayed in occurrence [12]. Ultrasound
and CT are two most common diagnostic approaches for the assessment of pseudoaneurysms or arteriovenous
fistulas following partial nephrectomy.

For suspected post-operative iatrogenic vascular complications, diagnostic algorithm includes ultrasound
imaging (with or without contrast agent) in the first place. Contrast enhanced ultrasound is very helpful
diagnostics tool in patients with compromised renal function, although this imaging modality is highly de-
pendent on knowledge of the performing physician, therefore it can be not available in many institutions.
Magnetic resonance imaging can also be used in patients with renal function decrease since it can give a lot
of diagnostic information without the use of contrast solution.

If the findings in ultrasound are inconclusive, computed tomography with contrast agent is recommended.
Computed tomography has the advantage of not only the detection of pseudoaneurysms and arteriovenous
fistulas but also the diagnosis of other intra-abdominal pathologies such as hematoma or urinary retention.
Contrast enhanced computed tomography is used frequently due to its objectivity, precision and availability.

In patients with severely impaired renal function, the use of nephrotoxic contrast media can pose an
unacceptably high risk. Ultrasound is valuable for detecting hemorrhage and contrast enhanced computed
tomography is useful to discover renal arterial pseudoaneurysm/renal arteriovenous malformation with a fea-
ture of a well-circumscribed dense collection of contrast medium or early visualization of draining veins in
the arterial phase [13].

When there is a strong suspicion of a pseudoaneurysm or an arteriovenous fistula, angiography with
a subsequent embolization procedure may be a straightforward approach [11].

Treatment

Conservative treatment has been ineffective in renal pseudoaneurysms/arteriovenous malformations [13].
Surgical treatment at this moment in only valuable option. Open surgical repair options include ligation,
total or partial excision and patching (prosthetic or vein). Partial nephrectomy as a method of open surgical
treatment of pseudoaneurysm is unfavorable since a secondary incision and resection of the affected tissue are
traumatic for the patient, cause longer hospital stay and recovery period. Endovascular treatment techniques,
such as embolization, coiling, and covered stents, currently are seen as a gold standard for pseudoaneurysms
treatment, due to the minimally invasive nature and anticipated shorter recovery time. According to P. Bar-
rionuevo et al., main differences between open and endovascular surgery are more frequent cardiac and
peripheral vascular complications in open surgery group (2.2% vs 0.6%; P = 0.001 and 0.6% vs 0.0%; P =
0.01, accordingly), longer length of in-hospital stay (6.0 vs 4.6 days; P < 0.001) [14].

Transcatheter embolization is a promising minimally invasive method can be used for treating vascular
complication that occur after partial nephrectomy [10, 11]. Multiple embolization agents can be used — gel
sponge, microcoils and other. Selective microcoil embolization is a safe and effective kidney-preserving pro-
cedure for treating these complications. Technical and clinical success rates of pseudoaneurysm embolization
are 100% and 96.3% respectively, with no significant decrease in renal function in early post-embolization
period, although the volume of renal parenchyma does decrease [9, 13].
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Embolization procedure using coils has very high successful treatment chance since procedure is eye-cont-
rolled and interventional radiologist can be sure when the targeted vessel is completely occluded. Microcoil
embolization enables isolation of the vascular lesion while retaining maximal renal vascularization, thus ensu-
ring as much preservation of the renal parenchyma as possible [10]. According to literature, after embolization
volume of renal parenchyma usually decreases by around 25%, eGFR does not change [9]. Renal parenchyma
loss is compensated by an increased perfusion of the remaining healthy renal parenchyma, therefore eGFR
is not affected greatly. Further limitations of embolization are contrast media used when inserting the coils,

which is nephrotoxic.

Conclusion

Surgical procedures in highly vascularized renal parenchyma sometimes can cause iatrogenic vascular com-
plications to form, such as pseudoaneurysms. Although incidence of these complications is low, around 1%,
clinical presentation of these patients can be quite severe — hematuria, lumbar pain, dizziness, weakness.
Prompt and precise diagnostics and treatment are essential. Selective microcoil embolization is a safe and
effective kidney-preserving procedure for treating iatrogenic vascular complications. Embolization leads to
a significant loss of renal parenchymal volume, but not to a loss of renal function.
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