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Abstract. Ex vivo kidney autotransplantation with renal artery reconstruction is an effective method of surgical
correction of vascular abnormalities (fibromuscular dysplasia, hypoplasia, and renal artery aneurysms) showing good
long-term results. The combination of renal artery abnormalities with aorto-mesenteric compression syndrome (“the nut-
cracker” syndrome) is extremely rare and complicates the diagnosis making greatly. Renal artery hypoplasia is an abnor-
mality that is rarely diagnosed and may not manifest clinically in the absence of contralateral kidney pathology as well
as its vascular structures. Renal hypoplasia may be caused by mutations in the kidney development genes (HNF1B, PAX2,
PBX1) and/or several environmental factors such as intrauterine growth retardation, maternal diseases (diabetes, hyper-
tension), medication taken by the mother (renin-angiotensin system inhibitors or nonsteroidal anti-inflammatory drugs)
and intoxication (smoking and alcohol). Premature delivery (before the 36" week) is also a risk factor due to incomplete
nephrogenesis. Renal arteries hypoplasia is associated with fibromuscular dysplasia in most cases. The disease is charac-
terized by non-inflammatory non-uniform focal hyperplasia of the renal artery wall with damage to small and medium
arteries. Simultaneous damage to two or more vascular segments is detected in 25% of patients.

A clinical case of successful treatment of “the nutcracker” syndrome (annular renal vein) combined with hypo-
plasia of the left main and accessory renal arteries associated with fibromuscular dysplasia is described. A 27-year-old
female was admitted to the Department of Vascular Surgery of Municipal Noncommercial Enterprise of the Lviv Regional
Council “Lviv Regional Clinical Hospital” on October 4, 2021, with complaints of pain in the left lumbar region and the
left half of the abdomen, hematuria, proteinuria, a persistent increase in blood pressure. Ultrasound of the renal veins: the
left renal vein in the aorto-mesenteric segment was not visualized, the posterior portion of the left renal vein was deter-
mined. Peak systolic velocity was up to 230 cm/s at the point of confluence with the inferior vena cava and 28 cm/s more
distally. The vein was up to 12.0 mm in the renal hilum and up to 11.0 mm in the middle third. MSCT of the abdominal
cavity, retroperitoneal space and pelvic organs: CT signs of pyelonephritis of the left kidney. Hypoplasia of the left kid-
ney. Reactive para-aortic lymphadenopathy on the left. Hypoplastic left renal artery (3,8 mm) and presense of accessory
ones, annular left renal vein. Angiomyolipoma of the right kidney (2,6 cm). Varicose veins of the small pelvis on the left.
The patient underwent surgical treatment, namely ex vivo autovenous prosthetic repair of the left renal artery with auto-
transplantation of the left kidney. The course of the postoperative period was without complications, the reconstruction
was functioning. Ultrasound of the renal vessels (1 week after the surgery): the blood flow was located in the renal hilum
in the course of Doppler sonography of intrarenal branches. Venous outflow was unobstructed. Corticomedullary differ-
entiation was marked satisfactorily.

The study presented by us demonstrates the effectiveness of kidney autotransplantation for the correction of renal
vascular abnormalities.

Though of a solitary nature, the combination of renal vessels abnormalities complicates significantly the course of
the disease and the possibilities of this pathology diagnostics.

Keywords: renal artery hypoplasia, “the nutcracker” syndrome, surgical treatment, kidney autotransplantation,
vascular compression syndrome, reimplantation of renal vein, ultrasonography, diagnostics.

Introduction. Ex vivo kidney autotransplantation
with renal artery reconstruction is an effective method of
surgical correction of vascular abnormalities (fibromuscu-
lar dysplasia, hypoplasia, and renal artery aneurysms)
showing good long-term results [1,2]. Renal vessels abnor-
malities are rare (up to 0.1% in the general population and
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0.3-2.5% according to the analysis of spiral computed to-
mography angiography data). Therefore, the experience of
surgical treatment is limited to a small number of clinical
cases in some centers of angiosurgery and kidney trans-
plantation [3].
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“The nutcracker syndrome” (NS) (left renal vein
(LRV) compression between the aorta and the superior
mesenteric artery at an acute angle of the origin of the lat-
ter) is a rare pathology, although phlebohypertension con-
sequences in the LRV system constitute a significant med-
ical and social problem [4,5].

The combination of renal artery abnormality and
NS, namely aberrant renal artery stenosis in a 31-year-old
female patient with the clinical findings of arterial hyper-
tension is described only in one source according to the
PubMed database [6].

We present a clinical case of successful treatment
of NS (annular renal vein) combined with hypoplasia of
the left main renal artery associated with fibromuscular
dysplasia.

The purpose of the study. To increase the effec-
tiveness of the treatment of "nutcracker syndrome" com-
bined with renal artery hypoplasia by using kidney auto-
transplantation with extracorporeal reconstruction of its
arteries.

Case Report

Patient Information

A 27-year-old female was admitted to the Depart-
ment of Vascular Surgery of Municipal Noncommercial
Enterprise of the Lviv Regional Council “Lviv Regional
Clinical Hospital” on October 4, 2021, with complaints of
pain in the left lumbar region and the left half of the abdo-
men, hematuria, proteinuria, a persistent increase in blood
pressure, the presence of a permanent urinary catheter.

Past medical history: she considered herself a pa-
tient since September 2021, when uresiesthesia, pain in the
leftabdomen appeared, so a urethral catheter was installed.
August 1, 2011 — left ureter ureteroneocystostomy accord-
ing to Glenn-Anderson technique was conducted (due to
stricture of the ureter). After a urologist’s consultation, the
following diagnosis was made: neurogenic hyporeflex uri-
nary bladder (a condition after ureterocystoneostomy in
2011), Grade III left-sided vesicoureteral reflux, left-sided
ureterohydronephrosis, chronic left-sided pyelonephritis.

Clinical Findings and Diagnostic Assessment

Ultrasound of the renal veins on September 23,
2021: the left renal vein in the aorto-mesenteric segment
was not visualized, the posterior portion of the left renal
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vein was determined. Peak systolic velocity was up to 230
cm/s at the point of confluence with the inferior vena cava
and 28 cm/s more distally. The vein was up to 12.0 mm in
the renal hilum and up to 11.0 mm in the middle third.

MSCT of the abdominal cavity, retroperitoneal
space and pelvic organs on September 3, 2021: CT signs
of pyelonephritis of the left kidney. Hypoplasia of the left
kidney. Reactive para-aortic lymphadenopathy on the left.
Hypoplastic left renal artery (3,8 mm) and presense of ac-
cessory ones, annular left renal vein. Angiomyolipoma of
the right kidney (2,6 cm). Varicose veins of the small pel-
vis on the left.

Surgical intervention

October 5, 2021 — the patient underwent surgical
treatment under general anesthesia, namely ex vivo auto-
venous prosthetic repair of the left renal artery with auto-
transplantation of the left kidney.
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Figure 4. Left accessory renal artery to
inferior pole of the kidney

o
P
Figure 6. Hypoplastic retroaortic por- Figure 7. Acute takeoff angle of superior
tion of LRV mesenteric artery from the aorta (<10°)

Figure 8. The main (on the white Figure 9. Hypoplastic renal artery (the main one)
holder) and accessory (on the green holder)
renal arteries were determined

’Figure 10. LRV: prestenotically di- Figure 11. Crossed renal arteries and Vein
lated anterior portion and hypoplastic retro-
aortic portion
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Figure 13. Kidney protection was con-
ducted by means of local exposure to
cold and washing with Custodiol solution

Figure 14. Mechanical dilation of the main and accessory renal arteries
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Figure 16. Application of bevelled anastomosis
between the renal artery and autovena (great saphe-
nous vein)

Figure 17. Checking the anastomosis tightness

Figure 19. End-to-side anastomosis between the elongated renal artery and the aorta
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Figure 20. End-to-side anastomosis between the
LRY and the inferior vena cava
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Figure 21. Ischemia of the inferior pole of the kidney 30
seconds after the start of blood flow
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Figure 22. Disappearance of ischemia of the kiney inferior pole 3 minutes after blood flow restoration

Follow-up and Outcomes.

The course of the postoperative period was without
complications, the reconstruction was functioning. Diure-
sis — polyuria was observed on the 3™ day (6100—4400
ml/day). The postoperative wound healed by primary in-
tention.

Ultrasound of the renal vessels on December 12,
2021 (1 week after the surgery): the blood flow was lo-
cated in the renal hilum in the course of Doppler sonogra-
phy of intrarenal branches. Venous outflow was unob-
structed. Corticomedullary differentiation was marked sat-
isfactorily.

Discussion.

Renal artery hypoplasia is an abnormality that is
rarely diagnosed and may not manifest clinically in the ab-
sence of contralateral kidney pathology as well as its vas-
cular structures [7].

Renal hypoplasia may be caused by mutations in
the kidney development genes (HNF1B, PAX2, PBX1)
and/or several environmental factors such as intrauterine
growth retardation, maternal diseases (diabetes, hyperten-
sion), medication taken by the mother (renin-angiotensin
system inhibitors or nonsteroidal anti-inflammatory drugs)
and intoxication (smoking and alcohol). Premature deliv-
ery (before the 36™ week) is also a risk factor due to in-
complete nephrogenesis [7,8].

Renal arteries hypoplasia is associated with fibro-
muscular dysplasia in most cases [9]. The disease is char-
acterized by non-inflammatory non-uniform focal hyper-
plasia of the renal artery wall with damage to small and
medium arteries. Simultaneous damage to two or more
vascular segments is detected in 25% of patients. Multiple,
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consecutive narrowings with poststenotic dilatation are
observed. The disease is characterized by a slow progres-
sion of stenosis, but total occlusions are extremely rare.
Damage to the media (in the distal part of the main renal
artery and in its branches) is observed in 80-85% of pa-
tients [10].

It is clinically manifested from the onset of arterial
hypertension in young women at the age of 20-25 years.
The pathological process often spreads to other vascular
territories (including carotid arteries), but the progression
of stenosis proceeds more slowly than in case of athero-
sclerotic lesions.

The most common clinical “masks” of NS are left-
sided varicocele in men and pelvic congestion syndrome
in women.

Shin JI considers the exact prevalence of this dis-
ease to be unknown, but it is slightly higher among women
and constitutes 26 - 78% according to the Mayo Clinic
[11,12]. Patients’ age varies from childhood to 70 years,
but the patients at the age of 20-30 are the most sympto-
matic [11]. Only a few reports of this pathology were rec-
orded in the last century due to the non-specificity of the
symptoms and limited diagnostic possibilities. A number
of scientists believe that the NS demography is poorly de-
scribed in the literature due to the variability of symptoms
and the lack of clear diagnostic criteria [4,5,12].

Conclusions.

The study presented by us demonstrates the effec-
tiveness of kidney autotransplantation for the correction of
renal vascular abnormalities.

Though of a solitary nature, the combination of re-
nal vessels abnormalities complicates significantly the
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course of the disease and the possibilities of this pathology
diagnostics.

Prospects for futher research: to study long-term
outcomes after kidney autotransplantation for the correc-
tion of renal vascular abnormalities.

References.

1. Sobrinho G, Ministro A, Silva A, Pedro L. Ex-vivo
Surgical Repair of a Renal Artery Aneurysm with
Kidney Autotransplantation. Acta Med Port. 2020 Oct
1; 33(10): 688-691. Available from:
https://doi.org/10.20344/amp.11127

2. Duprey A, Chavent B, Meyer-Bisch V, Varin T,
Albertini JN, Favre JP, Barral X, Ricco JB. Editor’s
Choice - Ex vivo Renal Artery Repair with Kidney
Autotransplantation for Renal Artery Branch
Aneurysms: Long-term Results of Sixty-seven
Procedures. Eur J Vasc Endovasc Surg. 2016 Jun;
51(6): 872-9. Available from:
https://doi.org/10.1016/j.jvs.2016.02.017

3. Lorenz EC, Vrtiska TJ, Lieske JC, Dillon JJ, Stegall
MD, Li X, Bergstralh EJ, Rule AD. Prevalence of renal
artery and kidney abnormalities by computed
tomography among healthy adults. Clin J Am Soc
Nephrol. 2010 Mar; 5(3): 431-8. Available from:
https://doi.org/10.2215/CIN.07641009

4. de Macedo GL, Dos Santos MA, Sarris AB, Gomes
RZ. Diagnosis and treatment of the Nutcracker
syndrome: a review of the last 10 years. J Vasc Bras.

2018 Jul-Sep; 17(3): 220-228. Available from:
https://doi.org/10.1590/1677-5449.012417
5. Nesterenko IR.  Polymorphism of  Clinical

Manifestations in Patients with “the Nutcracker
Syndrome”. J Educ Health Sport. 2021; 11(8): 381-9.
Available  from:  https://doi.org/10.12775/JEHS.
2021.11.08.042.

6. Chung AA, Millner PR. Accessory Renal Artery
Stenosis and Secondary Hypertension. Case Rep
Nephrol. 2020 Jul 22; 2020: 8879165. Available from:
https://doi.org/10.1155/2020/8879165.

7. Budhiraja V, Rastogi R, Asthana AK. Renal artery
variations: embryological basis and surgical
correlation. Rom J Morphol Embryol. 2010; 51(3):
533-6.

8. Stojadinovic D, Zivanovic-Macuzic I, Sazdanovic P,
Jeremic D, Jakovcevski M, Minic M, Kovacevic M.
Concomitant multiple anomalies of renal vessels and
collecting system. Folia Morphol (Warsz). 2020;
79(3): 627-633. Available from:
https://doi.org/10.5603/FM.a2019.0108

9. van Twist DJL, de Leeuw PW, Kroon AA. Renal artery
fibromuscular dysplasia and its effect on the kidney.
Hypertens Res. 2018 Sep; 41(9): 639-648. Available
from: https://doi.org/10.1038/s41440-018-0063-z

10. Mousa AY, Gill G. Renal fibromuscular dysplasia.
Semin Vasc Surg. 2013 Dec; 26(4): 213-8. Available
from:
https://doi.org/10.1053/j.semvascsurg.2014.06.006

11. Shin JI, Lee JS. Nutcracker phenomenon or nutcracker
syndrome? Nephrol Dial Transplant. 2005 Sep; 20(9):
2015. Available from: https://doi.org/10.
1093/ndt/gfi078

12.Franco-Mesa C, Gloviczki P, Erben Y. Nutcracker
syndrome. J Cardiovasc Surg (Torino). 2021 Oct;

«Art of Medicine»

1 (29) ciuenb-6epesens, 2024

ISSN 2521-1455 (Print)

62(5): 467-471. Available from: https://doi.org/
10.23736/S0021-9509.21.11923-8

VYJK 616-089.843+616.61+616.13
AYTOTPAHCIIVIAHTANIA 3
EKCTPAKOPIIOPAJIBHOIO

PEKOHCTPYKII€CIO CYIUH HUPKU:
KJITHIYHUM BUITAJIOK ITIOETHAHHS
CUHJIPOMY «JIYCKYHUUKA» TA I'ITOILIA3II
JIIBUX HUPKOBUX APTEPII
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Pe3rome: AyToTpaHCIUIaHTAllisi HUPKH €X Vivo 3
PEKOHCTPYKIIIE€I0 HUPKOBHX apTepiil — epekTHBHUI MeTO T
Xipypriqnoi KOpEeKIIii CYJIUHHHX aHoMaJTii
(pibpomyckymsipHoi mucruiasii, rimoruiasii Ta aHEBpPHU3M
HUPKOBUX apTepiil), MO AEMOHCTPYE XOpOLIl BijialieHi
pe3yibpTaTi. AHOMAaIIii HUPKOBUX CYAWH 3YCTPIUalOTHCS
piaxo (mo 0,1% y 3aranpHii momysstii ta 0,3—2,5% 3rigHo

3 aHaJi30oM  JAaHUX  CHIpaJbHOI  KOMII IOTepPHOI
tomorpadiuHoi  aHriorpadii),  BiIIOBIAHO,  AOCBIg
XIpypridyHOro JIKyBaHHSI OOMEXYETHCS  HEBEJIUKOIO

KUIBKICTIO KIIHIYHMX BHIIQJIKIB B OKPEMHX LEHTPax
aHTIOXIpypril Ta TpaHCIIaHTALlii HUPKH.

OnucaHo  KIiHIYHMH  BUMANOK  YCHIIIHOTO
JIKyBaHHS  TOEJHAHHS  CHUHAPOMY  «IyCKYHUHKa»
(KinblIEBUIHA HUpPKOBa BEHA) 3 TINOIJIA3i€l0 JIiBOi
OCHOBHOT Ta HasIBHICTIO JI0JJATKOBUX HUPKOBHX apTepii Ha
rpyHTi piOpOMyCKyISAPHOT AUCTIIA3II.

XBopa, 27 p., MOCTyNWIIa y BIIUICHHS CYAUHHOT
xipyprii KHIT JIOP «JIOKJI» 04.10.2021p. i3 ckapramu
Ha OoJ1i B JiBil MONEPEKOBiH JISAHII Ta JIiBii MOJOBUHI
KHBOTa, I'eMaTypilo, IPOTEIHYpilo, CTIHKE MiIBUIICHHS
aprepianbHoro Ticky. [lpu Y3]] HUpKOBHX BeH: JIiBa HUP-
KOBa BEHa B MICIIi a0pTO-ME3EHTEPiaIbHOTO CETMEHTY He
Bi3yalli3y€eThCsl, BA3HAYAETHCS 3a/1HS TIOPIIis JIIBOT HUPKOT
eru. IICI B micui Bnamiaas B HIIB — g0 230 cm/c, au-
cranpHinie [ICII — 28 cm/c. Y BopoTax HUPKA BEHA — 10
12,0 mm, B ¢/3 — mo 11,0 mm. ITpu MCKT OUII, 311, OMT:
KT-o3naku nienoHedputy niBoi HupKu. ['imoriasis niBoi
HUpKHU. PeakTBHA MapaaopraibHa JIiMQaaeHomaTis 3J1iBa.
lNmoma3oBana jiBa HUpKOBa aptepis (3,8 MM), HasBHI J10-
JTATKOB1 HUPKOBI apTepii, KUIbIIEeBUHA JIiBa HUPKOBA BEHA.
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Anriomioninoma npaBoi HUpKH (2,6 cMm). Bapukosne pos-
LIMPEHHS BEH MAJIOTO Ta3y 3JIiBa.

[MamieHTHi IPOBEAEHO ONEpaTHBHE JIIKyBaHHS —
ayTOBEHO3HE IPOTE3yBaHHs JiBOI HUPKOBOI aprepii ex
Vivo 3 ayTOTpaHCIUIaHTali€ro JiBOi HHUpKH. [lepebir
MICIIONEePaIlifHOTO mepioay — 0e3 yCKIIaJHeHb, PEKOH-
ctpykuisi pyskuionye. IIpu Y3/l HUPKOBUX CYIHMH Bif
12.10.2021p. (1 T¥oxaeHB Mmicisl Omepartii): Ipu JOIIepPo-
rpadii BHYTPIIIHLOHUPKOBUX PO3Tajly’KeHb KPOBOTIK JIO-
Ky€TbCSl y BOpPOTax HUPKW. BEHO3HWI BIATIK BUIBHHH.
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KoptukomenynspHa mudepeHIiamis
JIOBLIIBHO.

IMoeqHaHHs aHOMATiff HUPKOBHX CyIMH, X0U 1 HO-
CHUTbH NMOOJANHOKUI XapakTep, 3HAYHO yCKIIaHIOE Mepedir
3aXBOPIOBAaHHS Ta MOXJIMBOCTI JIarHOCTHKH JIAQHOI MaTo-

JIOTI.

BHpa)keHa  3a-

Karudosi cioBa: rinormasisi HUPKOBOi apTepii,
CHUHJIPOM «IYCKyHYHKa», OllepaTUBHE JIKYBaHHS, ayTo-
TpaHCIUIAHTALliI HUPKH, CYJMHHO-KOMIIPECIHHI CHH-
JPOMH, PeIMIUIAHTAIlisl HIPKOBOI BEHH, YJIbPa3ByKOBE JI0-
CITiKEHHS, J1arHOCTUKA.
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