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The aim was to assess the long-term outcomes of the left renal vein reimplantation in case of nutcracker syndrome.

Materials and methods. The study included 56 patients with critical stenosis of the left renal vein who underwent left renal vein
reimplantation from May 1999 to August 2023. 10 patients were operated on between 1999 and 2013, that provided an opportunity
to study long-term outcomes in the period from 7 to 21 years (a retrospective part). 46 patients underwent the surgery between
2018 and 2023 (a prospective part).

Results. According to the long-term outcome analysis of the left renal vein reimplantation conducted in the period from 3 months
to 21 years, all the patients reported a gradual regression of clinical symptoms, namely, resolution of pain syndrome, hematuria,
proteinuria, erectile dysfunction, dyspeptic phenomena. Ultrasonography detected a statistically significant increase in the left
renal vein diameter from 1.90 + 0.87 mm to 7.50 + 0.76 mm (p = 0.0123) in the aorto-mesenteric segment after the surgery and
a statistically significant decrease in the peak systolic velocity from 187.30 + 2.95 cm/sec to 38.70 £ 0.76 cm/sec (p = 0.0178) in
this area. A statistically significant decrease in the left gonadal vein diameter from 6.60 + 1.30 to 4.20 + 0.84 mm (p = 0.0118) after
the surgery was noted and a decrease in the left kidney parenchymal thickness from 2.20 + 0.46 to 1.60 + 0.54 mm (p = 0.0123)
was observed.

Conclusions. Reimplantation of the left renal vein has been proven to be an effective treatment for critical stenosis of the left renal vein.
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PeimnAaHTauin AiBoi HUPKOBOI BEHU NpU CUHAPOMI AyCKYHUMKa:
25-piuHUMN AOCBIA OAHOTO LIEHTPY

1. . Ko63a, I. P. HectepeHko
Merta po60oT - ouiHUTY BinganeHi pesynsraty peiMnnaHTawii niBoi HUPKOBOI BEHN NPK CUHAPOMI JTycKyHumKa.

Marepianu i meToau. Y SOCTIIKEHHS 3any4nnn 56 NaLieHTiB i3 KOUTUYHUM CTEHO30M MiBOT HUPKOBOI BEHW, KM 3MiICHUNN peimn-
naHTaujto nieoi HUpKoBoi BeHw (PITHB) y nepioa 3 TpasHs 1999 fio cepnHs 2023 poky. Y 1999-2013 pp. npooneposani 10 nawjeHTis,
LU0 Ja1o 3MOry BUBYWTM BinZaneHi pesynbsratvi B CTPOK Big 7 10 21 poky (peTpocnekTuHa YacTuHa); y 20182023 pp. npoonepoBaHi
46 XBOpMX (MPOCMEKTMBHA YaCTMHA). YCi NaLlieHTW 3anpoLUeHi Ha KOHTPOMbHUIA O, Lo nependayas ONUTYBaHHS, OLiHIOBAHHS
06'EKTUBHOIO CTaTyCy Ta BUKOHAHHS yNbTpa3sykoBoi gonneporpadii (Y3AI) micus PITHB, niBoi roHagHOi BEHW Ta NMiBOT HAPKU.

Pe3syabtatn. Binganeni Hacnigkm PJIHB npoaHaniayanu B TepMiH Big TpbOX MicauiB A0 21 poky. BctaHoBunw, Lo BCi nauieHTn
BW3HAYaloTb MOCTYMOBWIA PETPEC KIIHIYHOT CUMMTOMATWKM: 3HUKHEHHSI 6ONBOBOTO CUHAPOMY, reMaTypii, NPoTeiHypii, EpeKTUNBHOI
anceyHkuii, auenentnyHux seuw,. Ha Y3[I BUSIBNEHO CTaTUCTUYHO AOCTOBIpHE 30inblUeHHS AjiameTpa NiBoi HUPKOBOI BEHW B
a0pTO-Me3eHTepianbHOMy cermeHTi nicnst onepaii (3 1,90 + 0,87 mm go 7,50 £ 0,76 mm, p = 0,0123) Ta ctaTucTUyHO BiporigHe
3MEHLLIEHHSI NIKOBOT CMCTOMIYHOI LUBMAKOCTI B Lt AinaHui (3 187,30 £ 2,95 cm/c go 38,70 + 0,76 cwm/c, p = 0,0178). BctaHosunu
CTaTWUCTU4HO JOCTOBIPHE 3MEHLLEHHS AiameTpa NiBoi roHaaHoi BeHu nicns onepauii (36,60 + 1,30 mm 04,20 £ 0,84 mm, p=0,0118)
Ta 3MEHLLEHHs TOBLUMHM NapeHxiMy NniBoi Hupku (3 2,20 £ 0,46 mm 1o 1,60 + 0,54 mm, p = 0,0123).

BucHoBku. Peimnnatauisi niBoi HUPKOBOI BeHU AoBena CBOK eheKTUBHICTb NPU KPUTUYHOMY CTEHO3i NiBOT HUPKOBOI BEHU.

The first experience of surgical treatment for nutcracker
syndrome (NS) was described by Pastershank in 1974 and
consisted in the eradication of the fibrous tunnel between
the aorta and superior mesenteric artery (SMA) in order to
eliminate the left renal vein (LRV) compression [1]. From
then onwards, open surgical correction of aorto-mesenteric
compression has been supplemented by a number of in-
terventions, namely, nephropexy with varicose renal vein
removal (this method has not proved effective), LRV reim-
plantation, SMA transposition, kidney autotransplantation,
and gonadocaval bypass [2].

Reimplantation of the left renal vein (RLRV) in patients
with LRV critical stenosis in case of NS is currently the
most optimal method of phlebohypertension correction in
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the LRV system preventing the development of NS severe
complications such as LRV aneurysm, left gonadal vein
(LGV) thrombosis and decompensated forms of pelvic
congestion syndrome [3].

Aim
The aim was to assess long-term outcomes of the left renal
vein reimplantation in case of nutcracker syndrome.

Materials and methods

The study included 56 patients (37 were males and 19
were females, the mean age was 28.24 + 2.74) with critical
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Table 1. LRV Doppler ultrasound parameters of the patients before and after RLRV, mean values, Wilcoxon W-test

Parameter Patients with critical LRV stenosis
before the surgery (n =10), Mtm

Diameter, mm

Renal hilum 13.40 + 1.96
Aorto-mesenteric segment 1.90+0.87
Peak blood flow velocity, cm/sec

Renal hilum 27.40+0.78
Aorto-mesenteric segment 187.30£2.95

Patients with critical LRV stenosis Wilcoxon W-test
after RLRV (n=8),Mtm

10.20 £ 1.08 p=0.0117
7.50+0.76 p=0.0123
2450+ 0.98 p=0.0077
38.70+0.76 p=0.0178

Table 2. LGV Doppler ultrasound parameters and the presence of pathological reflux in it in the patients before and after RLRV, mean values, Wilcoxon

W-test

Parameter Patients with critical LRV stenosis
before the surgery (n=10), Mt m

LGV diameter, mm 6.60 + 1.30
Presence of pathological refluxes in GV +2/43

Patients with critical LRV stenosis Wilcoxon W-test
after RLRV (n=8),Mtm

4.20+0.84 p=0.0118
No pathological refluxes

Table 3. LK Doppler ultrasound parameters in the patients before and after RLRV, mean values, Wilcoxon W-test

Parameter Patients with critical LRV stenosis
before the surgery (n =10), Mtm

An increase in LK parenchymal thickness 2.20+0.46
in comparison with the right one, cm

Signs of venous stasis of the LK present

Patients with critical LRV stenosis Wilcoxon W-test
after RLRV (n=8), Mt m

1.60 £ 0.54 p=0.0123

absent

stenosis of the left renal vein who underwent RLRV from
May 1999 to August 2023.

10 patients (9 males and 1 female, mean age
29.42 + 0.78 years) were operated on between 1999 and
2013, that provided an opportunity to study long-term
outcomes in the period from 7 to 21 years (a retrospective
part). 46 patients (28 males and 18 females, mean age
23.65 + 1.87 years) underwent the surgery between 2018
and 2023 (a prospective part). All the patients were assigned
for follow-up examinations, which included a survey, objec-
tive status and Doppler ultrasound of the reconstruction site,
LRV, LGV and the left kidney (LK) of patients.

Comparison of mean values between the groups of
patients was performed using the non-parametric Mann—
Whitney U-test. Wilcoxon W-test was used to compare the
mean values before and after the treatment. Spearman’s
rank correlation coefficient (Rs) was calculated to determine
the correlation between variables.

Results

8 patients of the retrospective part were examined at hos-
pital visits, and 2 others were interviewed by telephone. All
interviewed patients reported a gradual regression of clinical
symptoms, namely, resolution of pain syndrome, hematuria,
proteinuria, erectile dysfunction, dyspeptic phenomena.
Objective findings: all the patients had no recurrence of
varicocele. Ultrasound evaluation of LRV, LGV, LK para-
meters and comparison with preoperative indicators were
performed, the data are presented in Table 1.

A statistically significant difference in the parameters
between the two groups of patients (p < 0.05) has been
found.

LGV ultrasound parameters and the presence of
pathological refluxes in it were evaluated in the patients
before and after RLRV, the data are presented in Table 2.

A statistically significant difference in the parameters
of the patients before and after RLRV (p < 0.05) has been
revealed.

The following LK ultrasound parameters were evaluat-
ed: size, thickness of parenchyma, signs of venous stasis.

According to the data in Table 3, reduced parenchymal
thickness and no signs of LK venous stasis after RLRV
were observed indicating elimination of phlebostasis in the
LRV system.

A statistically significant difference in the indicators of
the patients before and after RLRV (p < 0.05) has been
found.

During ultrasound control of the reconstruction site, no
stenosis was detected in 4 patients, non-critical stenosis
of the reconstruction site (up to 50 %) was observed in 4
patients but without disturbances of venous outflow through
the LRV, there was no difference in peak systolic velocity
(PSV) in the LRV segments, pathological reflux and signs
of LK venous stasis in the LGV were absent.

Long-term outcomes of treatment were studied in the
period from 3 months to 5 years in the prospective part (46
patients). The mean age of individuals in this group was
24.00 + 1.87 years.

The patients were recommended to undergo ultrasound
control of the reconstruction site in 3, 6 and 12 months. The
following parameters were evaluated: LRV diameter in the
aorto-mesenteric segment and in the renal hilum, PSV of
blood flow in these areas, differences in left and right kid-
ney size, signs of LK venous stasis. Statistically significant
differences were observed between all indicators in the
patients before the surgical treatment and 3 months after
RLRV (p < 0.05), except for the PSV indicator in the renal
hilum (p > 0.05) (Table 4).

All the patients from the prospective group as well as the
retrospective group patients reported a gradual regression
of clinical symptoms, namely, resolution of pain syndrome,
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Table 4. Doppler ultrasound parameters of the LRV and LK in the patients before RLRV and in 3, 6 and 12 months after the surgery, mean values,

Wilcoxon W-test

Parameter, units of measurement

Patients with critical

LRV stenosis LRV stenosis

before the surgery
(n =46) (n=46)

Patients with critical

3 months after RLRV

Patients with critical | Patients with critical | Wilcoxon W-test*

LRV diameter in the aorto-mesenteric segment, mm
LRV diameter in the renal hilum, mm
PSV of blood flow in the aorto-mesenteric segment,

cm/sec

PSV of blood flow in the renal hilum, cm/sec
An increase in the left renal parenchymal thickness in

comparison with the right one, cm

Signs of venous stasis of the left kidney

1.70 £ 0.64 7.50+£0.76
1520 £ 1.74 1210+ 1.04
192.20 + 8.65 37.70 £ 1.56
29.50+0.88 28.80+1.24
2.30+0.44 1.60+0.32
present absent

LRV stenosis LRV stenosis

6 months after RLRV | 12 months after RLRV

(n=46) (n=46)

7.30£0.38 7.10£0.65 p=0.0123
10.80 £ 0.94 9.60 + 0.52 p=0.0242
35.90+0.78 35.20 £ 0.68 p=0.0117
27.50+0.67 27.10 £ 0.46 p=0.0872
1.60 £ 0.45 1.50 + 0.62 p=0.0123
absent absent

*: differences between parameters before the surgery and in 3 months after RLRV.

hematuria, proteinuria, erectile dysfunction, dyspeptic phe-
nomena and improvements in quality of life.

The average duration of observation period was
48.36 £ 16.48 months.

Discussion

RLRV was first performed by Stewart in 1982 and consisted
in its disconnection from the inferior vena cava (IVC), the
IVC defect suturing and reanastomosis below the SMA [4].

RLRV advantages included a short period of renal
ischemia, but the risk of LRV thrombosis was among its
disadvantages [5,6]. Analyzing RLRV cases, Hohenfellner
et al. also stated that the intervention demonstrated the
regression of symptoms in 7 out of 8 patients with NS
under the observation for 41-136 months [7]. The authors
also described an insignificant risk of postoperative com-
plications, including deep vein thrombosis, extraperitoneal
hematoma requiring surgical treatment, paralytic ileus that
were treated with conservative methods, and mechanical
intestinal obstruction that occurred four years after the LRV
reimplantation [7].

Atthe same time, according to Hohenfellner, one patient
had to undergo nephrectomy, despite the performed RLRV
and elimination of phlebohypertension, due to continuous
massive hematuria from renal and urethral varicose veins
[7]. That could be explained by the vascular architecture ad-
aptation to chronic phlebohypertension in the LRV system.

Open surgical correction of AMC has proven its effec-
tiveness on the whole, and even though its use correlates
with a number of complications, such as bleeding, thrombo-
sis, intestinal paresis, today it remains the “gold standard” for
the treatment of phlebohypertension in the LRV system and
shows better long-term postoperative outcomes compared
to other methods [8].

Endovascular treatment of NS was first mentioned
by Neste et al. in 1996 [9]. The advantages of the method
included minimal invasiveness and avoidance of general
anesthesia.

The experience of Ananthan is interesting. He has
analyzed 61 cases of endovascular LRV stenting retrospec-
tively. The observation period was from 6 months to 6 years.
Complete regression of clinical symptoms was observed in
59 patients. Complications such as stent migration, reste-
nosis, venous occlusion, or stent fracture were rare [10].
Among 61 patients, 2 developed complications. One of the
complications was stent protrusion into the LRV collateral,

202 ISSN 2306-4145 http://zmj.zsmu.edu.ua

and the other was stent migration into the right atrium.
Both complications were reversed by an open surgery [10].

Low molecular weight heparin for 3 days and switching
to clopidogrel for 30 days and aspirin for 3 months were
recommended after stenting [11].

However, some researchers indicated that not all pa-
tients had reduced pressure in the renal vein despite the
correct stent placement in the narrowest segment of the
renal vein [11,12]. The relative simplicity of the procedure
and patient tolerance have resulted in widespread use of
this technique.

Arecently published study by Avgerinos ED included a
retrospective analysis of 17 patients who underwent LRV
stenting with a six-month follow-up period. All the patients
reported resolution of left flank pain and hematuria. The
stent migration into the inferior vena cava was observed in
two cases. Restenosis requiring reintervention was noted
in one patient [13].

Generally, most authors have leaned towards the opin-
ion of good results after endovascular treatment in the first
3 months. At a later stage, this type of treatment should be
selectively recommended due to the risk of complications
(stent migration, embolism, fracture and stent protrusion)
accounting for 8-10 % [11,14].

According to the latest consensus document on the
management of vascular compression syndromes, endo-
vascular treatment is unable to surpass the results of open
surgery within a few years of surgical correction [15].

Conclusions

1. Based on the analysis of the RLRV long-term out-
comes conducted in the period from 3 months to 21 years,
all the patients reported gradual regression of clinical
symptoms, namely, resolution of pain syndrome, hematuria,
proteinuria, erectile dysfunction, dyspeptic phenomena.

2. Doppler ultrasound has shown a statistically signifi-
cantincrease in LRV diameter in the aorto-mesenteric seg-
ment from 1.90 £ 0.87 mm to 7.50 £ 0.76 mm (p = 0.0123)
and a statistically significant decrease in PSV in this
area from 187.30 = 2.95 cm/sec to 38.70 £ 0.76 cm/sec
(p = 0.0178) after the RLRV.

3. A statistically significant decrease in the diameter of
LGV from 6.60 + 1.30 mm to 4.20 + 0.84 mm (p = 0.0118)
and a decrease in LK parenchymal thickness from
2.20 £ 0.46 mm to 1.60 + 0.54 mm (p = 0.0123) has been
noted after RLRV.
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