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Abstract. Left renal vein compression between the aorta and the superior mesenteric artery at an acute angle of
the origin of the latter (“the nutcracker syndrome”) often leads to phlebohypertension in the left renal vein causing a
combination of structural and functional changes in the kidneys and pelvic organs, different clinical manifestations such
as left-sided varicocele, hematuria, pelvic venous congestion syndrome, the development of renal failure.

The objective of the research: to determine indications for surgical and conservative treatment of aorta mes-
enteric compression.

Materials and methods. The study included 210 patients (142 men and 68 women) with suspected “nutcrack-
er syndrome” who were referred to vascular surgeons for a consultation by urologists and gynecologists during the
period from 1999 to 2020, mainly from the western regions of Ukraine (about 11 million population). The age of the
patients ranged from 12 to 52. All patients were interviewed for specific complaints: pain in the left lumbar region and
left half of abdomen, inability to eat large amounts of food, hematuria, proteinuria, hemospermia, erectile dysfunction,
left sided varicocele in men, and left sided pudendal varicosity and dysmenorrhea in women. All referred patients with
suspected “nutcracker syndrome” underwent color Doppler ultrasound to determine the presence of pathological reflux
in the left renal and gonadal veins by measuring peak systolic velocities in order to confirm or exclude that pathology.
The patients with confirmed left renal vein stenosis underwent CT angiography.

Results. According to color Doppler ultrasound, different degree of aorta mesenteric compression was con-
firmed in 138 (65.7%) patients (83 men and 55 women), critical left renal vein stenosis was observed in 35 of them.
Two patients were diagnosed with the retroaortic left renal vein (“posterior nutcracker’).

According to observations, clinical manifestations of AMC syndrome severe forms occurred in case of an in-
crease in the diameter of the distal part of the LRV compared to its proximal segment by 3-6 times as well as in case of
an increase in peak systolic velocity in the stenosed proximal segment by 6-14 times (by 8.7 times on average) com-
pared to the left renal vein distal segment.

Conclusions. Color Doppler ultrasound with determination of peak systolic velocities and diameters of the left
renal and gonadal veins, pathological reflux in them must be the obligatory diagnostic stage in the patients with sus-
pected AMC. The choice of treatment approach should be made taking into account clinical and laboratory indices, as
well as the assessment of AMC severity according to instrumental data (ultrasound, CT angiography, MRA, etc.). The
severity of pathomorphological changes in the pelvic organs and their consequences proves the need to eliminate
phlebohypertension in the left renal and gonadal veins. LRV transposition proves its effectiveness in the remote postop-
erative period.

Keywords: “the nutcracker syndrome”, phlebohypertension, aorta mesenteric clamp.

Introduction. Left renal vein compression be-
tween the aorta and the superior mesenteric artery at an
acute angle of the origin of the latter (“the nutcracker
syndrome”) often leads to phlebohypertension in the left
renal vein (LRV) causing a combination of structural and
functional changes in the kidneys and pelvic organs,
different clinical manifestations such as left-sided varico-
cele, hematuria, pelvic venous congestion syndrome, the
development of renal failure. Although the connection of
left-sided varicocele with the aorta mesenteric clamp
(AMC) was indicated by Lopatkin MA in his monograph
“Stenosis of the left renal vein” in the 70-ies of last cen-
tury [6], and in 2016 Kapto AA in the new classification
of varicocele identified the syndrome of “the nutcracker”
as the cause of 3 types of varicocele [1], this pathology is
very rarely diagnosed up to the present day. According to
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the Mayo Clinic, one in five women consults a doctor
complaining of pain syndrome associated with varicose
veins of the pelvis, however, the correct diagnosis is
made in only 2% of cases, up to 40% of unreasonable
hysterectomies are associated with undiagnosed pelvic
venous congestion syndrome (Annual medical bulletin
Mayo Clinic, 1999). According to Coolsaet, the cause of
pelvic venous congestion syndrome is “the nutcracker
syndrome” in 74% of cases, May-Thurner syndrome in
17% of cases, and a combination of these two causes in
9% of cases [8]. The interest in “the nutcracker syn-
drome” has grown significantly over the past two dec-
ades, as evidenced by the growing number of citations in
PubMed (Fig.1), however, there are currently no multi-
center randomized researches and clear guidelines for the
diagnosis and treatment of this pathology.
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the left lumbar region and left half of ab-
domen, inability to eat large amounts of
food, hematuria, proteinuria, hemospermia,
erectile dysfunction, left sided varicocele in
men, and left sided pudendal varicosity and
dysmenorrhea in women. All referred pa-
tients with suspected “nutcracker syn-
drome” underwent color Doppler ultra-
sound to determine the presence of patho-
logical reflux in the left renal and gonadal
veins by measuring peak systolic velocities
in order to confirm or exclude that patholo-
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Fig. 1. The frequency of “the nutcracker syn-
drome” citations according to PubMed.

The objective of the research: to determine in-
dications for surgical and conservative treatment of
AMC.

Materials and methods. The study included
210 patients (142 men and 68 women) with suspected
“nutcracker syndrome” who were referred to vascular
surgeons for a consultation by urologists and gynecol-
ogists during the period from 1999 to 2020, mainly from
the western regions of Ukraine (about 11 million popula-
tion). The age of the patients ranged from 12 to 52. All
patients were interviewed for specific complaints: pain in

Fig. 2. Ultrasound pattern of “the nutcracker
syndrome” in the B-mode (1 — aorta, 2 — stenosed part
of LRV, 3 — dilated part of LRV).
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gy. The patients with confirmed left renal
vein stenosis underwent CT angiography.

Results of the research. Accord-
ing to color Doppler ultrasound, different
degree of aorta mesenteric clamp (AMC)
was confirmed in 138 (65.7%) patients (83
men and 55 women), critical LRV stenosis
was observed in 35 of them. Two patients were diagnosed
with the retroaortic LRV (“posterior nutcracker”). Partic-
ular attention was paid to the difference in the LRV di-
ameters in the distal part and in the aorto-mesenteric
segment, as well as to the difference in the peak blood
flow velocities in these areas.

The ultrasound pattern of “the nutcracker syn-
drome” was characterized by a sharp narrowing of the
LRV diameter in the aorto-mesenteric segment and pres-
tenotic expansion in the distal part, which correlated with
a corresponding increase in peak systolic velocity in the
stenosed part of the LRV.
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Fig. 3. Ultrasound pattern of “the nutcracker
syndrome” (color Doppler mode).
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Fig. 4. Measurement of peak systolic velocity in Fig. 5. Measurement of peak systolic veloci-
the dilated LRV segment. ty in the stenosed LRV segment.

Fig. 6. CT angiography of a patient with “the Fig. 7. CT angiography of a patient with “the
nutcracker syndrome” (sagittal plane). nutcracker syndrome” (transversal projection).

Fig. 8. Retroaortic position of the LRV (“the posterior nutcracker”).
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Fig. 9. CT-angiography of a patient with ret-
roaortic LRV

According to observations, clinical manifestations
of AMC syndrome severe forms occurred in case of an
increase in the diameter of the distal (prestenotic) part of
the LRV compared to its proximal (aorto-mesenteric)
segment by 3-6 times as well as in case of an increase in
peak systolic velocity in the stenosed proximal (aorto-
mesenteric) segment by 6-14 times (by 8.7 times on aver-
age) compared to the LRV distal segment. Indices of the
ratio of the diameters of LRV distal and proximal seg-
ments > 3 and the ratio of peak systolic velocities in the
proximal and distal segments > 6 were evaluated as criti-
cal LRV stenosis [2], [3].

Clinical manifestations of aorta mesenteric clamp
were caused by the development of phlebohypertension
in the system of the left renal vein and the left gonadal
vein directly flowing into the left renal vein.
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The main clinical manifestations of aorta mesen-
teric clamp were:
- pain in the left half of abdomen and left lumbar
region (87.7%);
- macrohematuria or microhematuria (19.2%);
- proteinuria (7.2%);
- anemia (4.8%);
- left sided varicocele in men (57.8%);

- left sided pudendal wvaricosity in women
(12.7%);

- erectile dysfunction (33.7%);

- dysmenorrhea (69%);

- dyspareunia (11%).

The patients noted the presence of hemospermia
(3.6%) and increased pain after eating and during exer-
cise (12%) less often, pain irradiation to the inner thigh
and in the left lumbar region was characteristic. The vast
majority of patients were of asthenic bodybuild with
weight deficit (BMI<21 in 98%). The severity of clinical
symptoms clearly correlated with the level of hyperten-
sion in the left renal vein and the degree of its compres-
sion. Due to non-specific clinical symptoms, patients are
often unsuccessfully treated for years by urologists, gy-
necologists and gastroenterologists and are often consid-
ered by doctors as patients with neurasthenic manifesta-
tions. Patients with left-sided varicocele deserve special
attention, in particular those with the recurrent one. Ac-
cording to Sahalevych Al, more than 74% of patients
with left-sided varicocele have different degrees of aorta
mesenteric clamp [7].

Since there are no randomized studies on the
management of patients with aorta mesenteric clamp
nowadays, the choice of treatment remains an urgent
problem. Treatment approach depends on the degree of
functional and structural changes in the left kidney and
pelvic organs, as well as the severity of clinical manifes-
tations. We have developed a point scale for the evalua-
tion of indications for various treatment methods.

Table 1

POINT SCALE FOR EVALUATION OF “THE NUTCRACKER SYNDROME” SEVERITY ACCORDING
TO CLINICAL SYMPTOMS

Macrohematuria duration >
24 months

Left-sided varicocele* in
men, stage I1I

Duodenal obstruction syn-
drome**
(severe form)

Constant sever left-sided pain

e in the lumbar region

e in the half of the abdomen

e in the pelvic area requir-
ing analgesics

Erectile dysfunc-
tion

Hemospermia or
blood during
coitus

Arterial hyper-
tension

Dysmenorrhea
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*Classification of varicocele by the WHO:
e Grade [: varicose veins in the scrotum are not visible or palpable, except for their expansion in the Valsalva
maneuver;
Grade II: varicose veins in the scrotum are not visible, but easily palpable;
Grade I11: varicose plexuses protrude through the skin of the scrotum and are easily palpated [4].
**Duodenal obstruction syndrome — inability to eat large amounts of food due to increased abdominal pain.
Table 2
POINT SCALE FOR EVALUATION OF “THE NUTCRACKER SYNDROME” SEVERITY ACCORDING
TO LABORATORY FINDINGS (COMPLETE BLOOD COUNT, URINE ANALYSIS, SPERMATOGRAM)

Significant changes in the spermogram _
- eime [

*Haemoglobin concentrations for the diagnosis of anaemia and assessment of severity. Vitamin and Mineral
Nutrition Information System (VMNIS). World Health Organization (2011).

Table 3
POINT SCALE FOR EVALUATION OF “THE NUTCRACKER SYNDROME” SEVERITY ACCORDING
TO INSTRUMENTAL DATA (ULTRASOUND, CT ANGIOGRAPHY, MRA, ETC)

The ratio of PSV in proximal and distal | >4
segments of LRV >5

The ratio of LRV diameters in proximal and | >4 _-

distal segments >5

Increase in the size of the left kidney > 2 | =1.5 cm >0.5cm
cm
The angle of SMA origin from aorta <9° The angle of SMA

origin from aorta <19°

<39°

LRV saccular aneurysm Saccular aneurysm or

gonadal vein throm-

bosis

Table 4
RECOMMENDATIONS
_ Predominantly conservative treatment
10-19 Predominantly surgical treatment
>20 Only surgical treatment

Conservative treatment involved the use of ven-
oactive drugs, diosmin with hesperidin in particular.
Patients were recommended to undergo ultrasound con-
trol every 6 months and laboratory monitoring including
urine analysis, Nechiporenko test, complete blood count.
Surgical correction of phlebohypertension in the left renal
vein system was performed by reimplantation (transposi-
tion) of the left renal vein with its shifting below the site
of compression, which proved its effectiveness in the
remote postoperative period [4].

Fig. 10. LRV aneurysm.
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Fig. 11. Reimplanted LRYV.

Discussion. Left renal vein transposition was
first performed in 1982 by Stewart and involved detach-
ment of the left renal vein from the inferior vena cava,
suturing of the inferior vena cava defect and reanastomo-
sis below the superior mesenteric artery. The advantages
of the method included a short period of renal ischemia;
the disadvantages comprised the risk of the left renal vein
thrombosis, bleeding, gastroparesis [10]. Despite attempts
to diversify the surgical correction of this pathology (su-
perior mesenteric artery transposition, laparoscopic ex-
travascular stenting, endovascular stenting, etc.), the best
results in the remote postoperative period were demon-
strated by the left renal vein transposition [10]. The activ-
ity concerning “the nutcracker syndrome” detection and
diagnosis has increased slightly after the first published
results of its treatment, however, the non-specificity of
symptoms, lack of diagnostic algorithms and low aware-
ness of doctors still refer “the nutcracker syndrome” to
rarely diagnosed pathologies. According to the Mayo
Clinic, only 112 cases of surgical treatment of “the nut-
cracker syndrome” have been described in the literature
so far. The countries with the highest incidence of “the
nutcracker syndrome” include the countries of North
America and Western Europe. However, such distribution
of epidemiological data is probably caused by higher
awareness and vigilance of doctors about this diagnosis.

The situation with the detection, diagnosis and
treatment of this disease remains problematic in Ukraine.
In 2018 a report on endovascular treatment of “the nut-
cracker syndrome” appeared in press for the first time.
Three patients underwent successful stenting of the left
renal vein in Zaporizhzhia (professor Nykonenko AO).

Since 1999, 33 patients with “the nutcracker
syndrome” have been operated on at the Lviv Regional
Clinical Hospital with the participation of professor Kob-
za II. Thus, the recovery rate of patients with this pathol-
ogy remains extremely low, and the manifestations of
“the nutcracker syndrome”, varicocele in particular, are a
significant problem due to the high recurrence rate after
Ivanissevich surgery (8.6 to 25%) since this intervention
does not eliminate the main pathogenetic mechanism of
varicocele occurrence in case of this disease, namely
phlebohypertension in the left renal vein.

Conclusions:

1. Color Doppler ultrasound with determina-
tion of peak systolic velocities and diameters of the left
renal and gonadal veins, pathological reflux in them must
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be the obligatory diagnostic stage in the patients with
suspected AMC.

2. The choice of treatment approach should
be made taking into account clinical and laboratory indi-
ces, as well as the assessment of AMC severity according
to instrumental data (ultrasound, CT angiography, MRA,
etc.).

3. The severity of pathomorphological chang-
es in the pelvic organs and their consequences proves the
need to eliminate phlebohypertension in the left renal and
gonadal veins.

4. LRV transposition proves its effectiveness
in the remote postoperative period.
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Pe3rome. Kommpeccus neBoil MmMO4YeYHONW BEHBI
MEXIy aopTOH M BEpXHEH OpbDKEEeUHOW apTepu IpH
OCTpPOM YIJIE OTXOKIEHHUS MOCHeqHEN YacTo MPUBOAUT K
pa3BuTuio (praedorunepTeH3uu B CUCTEME JIEBOW Ioued-
Hoii Bensl (JI[IB), xoTopas 3amyckaer Kackaj CTPyKTyp-
HBIX U (YHKIMOHAIBHBIX M3MEHEHUH MOYEK U OpraHOB
MaJIOro Ta3a ¢ MHOrooOpa3ueM KIMHHUYECKHX IpOsBIIe-
HUH — OT JIEBOCTOPOHHETO BapUKoOLeJe, FTeMaTypuH, CUH-
JpoMa Ta30BOM BEHO3HOW KOHTECTUH BIIJIOTH O Pa3BH-
TUA IOYEYHON HETOCTAaTOYHOCTH.

Hean. ChopMupoBath MokazaHusi K XUpypruye-
CKOMY M KOHCEpBAaTHBHOMY JIEYEHUIO CHHIPOMa aopTO-
Me3eHTepuaibHoi koMipecun (AMK).

Marepuansl 4 MeTOabI. B nuccrenosanue Boui-
70 210 manueHTOB (142 MyX4YuH U 68 JKEHIIMH) C MOJI0-
3pEeHUEM Ha CUHJIPOM «IIenkyHunKa» ¢ 1999 mo 2020 rr.
Bce nanueHTs! OBUTM OIPOIIEHBI HA MPEAMET crienudu-
Yyeckux kajo0. BceM manmeHTam MpoOBOAMIIACH YIIBTpa3-
ByKOBasi I[BETHast JoIIuieporpadust ¢ OIpeelieHueM
HAJIM4USl TaTOJOTMYeCKHX PE(]IIIOKCOB B JIEBOW IMOYed-
HOW M TOHAaJHOW BEHaX C M3MEPEHUEM IHMKOBBIX CHUCTO-
Ju4ecKkux ckopocteil. IlanuenTaM ¢ MOATBEP)KACHHBIMU
creno3om JIIIB npoBoxunacs KT - anruorpadus.

Pesyabratel. B 138 (65,7%) nauuentoB (83
MY)XYMH U 55 JKCHINMH) MO JaHHBIM YJIbTPa3BYKOBOM
LBETHOW AOMIUIeporpaduu MoATBEP)KAECHO Pa3HyIO CTe-
neHb AMK, B 35-tu u3 Hux — xputnueckuii crenos JIIB.
Knunnueckue nposisnenust cunapoma AMK npomuxro-
BaHbl pa3BUTHEM (pedorunepTeH3un B CHCTEME JICBOM
IIOYEYHOM BEHBI

BoiBoabl. OO0s3aTeNbHBIM — UaTHOCTHYECKUM
3TaloM y MalMeHTOB C Mojao3peHreM Ha cunapoM AMK
JIOJDKHA OBITh yJIBTPAa3BYKOBas LIBETHAs JIOMILIEPOTpa-
¢us. Beibop MeToja JieueHHs IOJDKEH HPOBOIMTHCS C
YYETOM KIMHMYECKMX M JIAOOPATOPHBIX ITOKa3aTeleH, a
TaKke 3a MHCTpyMeHTanbHbIMU JaHHBIME (Y3U, KTA,
MPA wu 1p.). BrlpaxkeHHOCTh TAaTOMOPQOIOTHUECKUX
W3MEHEHUH OpraHOB MAajoro Ta3a M HX IOCIEACTBU
JIOKa3bIBa€T HEOOXOAMMOCTh JIMKBHIALUWK (iedorurep-
TEH3UU B CHCTEME JIeBOM IOYEeYHOM M TOHAIHOM BEH.
Tpancnozunust JIHB nokaspiBaeT cBOO 3(h(heKTUBHOCTH
B OTJIAJIEHHOM IIOCJIEONEPALIMOHHOM MEpUO/IE.

KawueBble €J0Ba: «CHHIPOM MIETKYHYHUKAY,
(eborumepTeH3us, a0pTO — ME3CHTEPUANILHBIIN THHIIET.
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Pe3rome. Komrpecist 1iBOi HUPKOBOI BEHH MiXk
a0pTOI0 Ta BEPXHBOIO OPUIKOBOIO apTEPi€l0 MPH TOCTPO-
My KYTi BiJIXO/DKEHHSI OCTaHHBOI (CHHAPOM <JTyCKYHYH-
Ka») 4acTo MPU3BOIUTH 10 PO3BUTKY (hedorinepTeHsii B
cucrtemi JiBoi HupKoBoi Benu (JIHB), sika 3amyckae kac-
KaJl CTPYKTypHHX Ta (YHKIIOHAJIBHUX 3MIH HHPOK Ta
OpraHiB Majoro Ta3zy 3 Pi3HOMAHITTSIM KIIHIYHHAX IPO-
SIBIB — BiJl JIIBOOIYHOTO BapUKOIIEJEe, reMaTypii, CHHIPO-
MYy Ta30BOi BEHO3HOI KOHTECTii ak 10 PO3BUTKY HUPKOBOI
HEJIOCTAaTHOCTI.

Meta. ChopmyBaTH IOKa3H JI0 XipypriqvHOro Ta
KOHCEPBAaTHBHOIO  JIIKYBaHHS  CHHAPOMY  aoOpToO-
Me3eHTepianbHoi kKommpecii (AMK).

Martepianu Ta MeToau. Y IOCIHIKEHHS YBIiH-
1o 210 marienTiB (142 4oyoBIKIB 1 68 KIHOK) 3 Mig03-
OO Ha CHHAPOM «JTycKyHYHKa» 3 1999 mo 2020 p. Bei
narieHT OyJIM ONMTaHI HA MPEAMET CIen(iuHnX CKapr.
YciM nanieHTam MpoBOAMIACH YIIBTPa3BYKOBa KOJILOPOBA
nornmuieporpadiss 3 BU3HAYEHHSM HASBHOCTI MATOJIOTI-
HUX peQJIIIOKCIB y JiBiii HUPKOBIM Ta TOHaJHIH BEeHax 3
BUMIPIOBaHHSM ITIKOBUX CHCTOJIYHHUX UIIBUIKOCTEH.
[Namientam 3 miarBepmkenuM cteno3om JIHB mposoau-
nack KT - anriorpadist.

PesyabraTtn. Y 138 (65,7 %) nanienTis (83 4o-
JIOBIKIB Ta 55 ’KIHOK) 3TiJHO 3 J@HHMH YJIbTPa3BYKOBOT
KOJILOPOBOI Jtoruieporpadii miaTBepKeHo pi3HUM CTy-
MiHb a0pTO-Me3eHTepianbHoi kommpecii (AMK), y 35-tu
3 HUX — KpuTHuHUii cteno3 JIHB.

BucnoBku. OOOB’SI3KOBUM  JIarHOCTHYHHUM
€TaroM y MAaIi€eHTiB 3 migo3poro Ha cuHapoM AMK mae
OyTH yNbTpa3ByKoOBa KOJIbOpOBa pomruieporpadis. Bubip
METO/y JIIKyBaHHsI ITOBUHEH IPOBOJUTHCH 3 ypaxyBaH-
HSM KJIIHIYHHX Ta JIAOOpaTOpHHUX IOKAa3HHUKIB, a TaKOXK
omiHku BaxkkocTi cunapomy AMK 3a iHCTpyMeHTaIbHU-
mu panumu (Y3J], KTA, MPA Ta in.). BupaxeHicTb
naToMOp(OJIOTiYHUX 3MiH OpraHiB Majoro Ta3y Ta ix
HACJIIJIKU JIOBOJUTH HEOOXiMHICTH JIKBimaIlii ¢uiedorime-
pTeH3ii B cucTeMi JIiBoi HUPKOBOI Ta ToHaAHOI BeH. TpaH-
crio3utnist JIHB moBoauTh CBOIO €(heKTHBHICTD Y Bijmaie-
HOMY HicisionepauiiiHoMy mepioi.

KiarodoBi cioBa: «CHHIPOM IJTyCKYHYHKa»,
(edorinepTeHsis, a0pTO-ME3CHTEpiaTbHa KOMITPECIS.
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