Diagnosisand treatment of vascular compression syndromes of the abdomen based on the
anatomical features of man and gendepecific characteristics after puberty
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Important Note:

The symptoms and explanations presented hesmnotand shouldnot replace a doctor's visit. In general: all the
symptoms are ambiguous and can have very different causes, of course, also those which are not shown here.
The author assumes no liability for diagnostics and therapies which are performed or omitted tdespbecause

of these explanations.

You should always consult with confidence to your doctor concerning all your complaints!

Preface

Abdominal complaints often have a simgause, whicltan beclarifiedeasily especially if they occur suddenly or
show cleany recognizable correlations with other symptone.g( diarrhea, vomiting,and feve). However,if
abdominalpain, lasts for a long time, over weeks or months, elaborate tests are often required in order to clarify
their cause. Not rarelythe origin of thepain may remain enigmatic, so that psychological causes and specific living
conditions are considered as the main cause or trigger of the complaints.

And yet,hardlyanyoneisawarethat a number of patients suffer from compression of blood vessels or
compression of organs by abdominlood vessels, the soalled vascular compression syndromes. Since these
diseasegnay give ris¢o many, seemingly unrelated symptoms in addition to pain, they are explained here for a
broader audience.

Socalled vegetatie symptoms play a significant role in the suffering of patients wiiscular compression
syndromes.These very annoying symptoms as nausea, dizziness, respiratory disabilities (primarily inhalation), loss
of appetite and rapid satiety, (nearly) fainting exertion and episodes of diarrhea are found very frequently.

They emerge in addition to par even isolated.Leftsided flank pain and abdominal pain are the predominant

pain localizationgut from there the painmay radiate to the back or the chestpmetimes to the left thigh
Headaches are not rarely found and may be exaggerated during physical exercises, may be throbbing and emerge
preferentially in the nape.

We often receive inquiries from patients from abroad, looking for advice and a compirielersplanation of
their complaints as well as the anatomical and functional implications of vascular compression syndromes.
Therefore, this article is written to ease the understanding of these conditions. It is written in simple, mainly non
medical terns and directed to lay people. If there remain questions concerning specific circumstances of your own
condition - then simply write by mail to:

t.scholbach@posteo.de
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All abdominal vascular compressiopndromes are caused by the discrepancy between the anatomy of man,
which corresponds in principle to a quadruped mammal, and the upright posture of human beings. Therefore, |
begin this article by explaining some general anatomical facts.

Anatomical introduction

In general, the human anatomy is very similar to the structure of quadruped mammals. All the great vessels
andmanyparts of the skeletorin humans and foutegged mammalare built accordinty.

This means, for example, that in humans and in qupdds the intestinal artery is emergiaga short

distance below the diaphragm from the aorta in order to supply the entire small bowel with blood.

The gravitation is the reason for the narrowing of the angle
between the aorta and the superior mesenteric artery (supplying
the small bowel) in the upright standing man

Wide angle between the aorta and the superior mesenteric artery Narrow angle between the aorta and the
in quadruped mammals superior mesenteric artery in the upright
standing man
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which extends horizontally, parallel to the spine. This leads to a right angle between the aorta and the small
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upright posture of man, the intinal artery and the aorta run nearly parallel, siricall speciegravity pulls

on the intestines in the vertical direction.
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artery and the adm@, especiallyin those with a pronouncedollow back (lordosis) The obstruction of the

blood flow from the left kidney has a number afhpleasant consequencess will be outlined later on.

Similarly all ofthe vascular compression syndromes in the abdw@hand pelvic cavitgpnay be traced back to

the compression of vessels and organs by the pronounced frontal deviation of the lumbar spine

With the onset of puberty, the anatomical differences in the skeleton in both sexes increase significantly, and
mayexert a great influence on the venous blood flow to the abdominal and pelvic organs. The female pelvis is
wider and deeper than the male one, and theauses positionalchange of the pelvis and the lumbar spine.
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female pelvis and spine, wider distance betweer
the thighbones resulting istrongerlordosis and
hollow back

male pelvis and spine, smalldistance between the
thighbones resulting in less lordosis

In humans, the entire body weight is balanced on an imaginary vertical line sa sit@anding balance can be
maintained. The greater depth (fronidorsal distance) of the female pelvis shifts the anepoint of the spine
and the pelvigthe sacroiliagoints) further back. In women, the frontal parts of the body have to be shifted
frontally to maintain the standing position since the deepetvisdislodges thesacroiliagjoints backwards
forcing the upper parts of the body anteriorthus leading to a hollow back.

This increased lordosis of the lumbar spine can cause numerougeprsiior those blood vessels that need to
cross the spine from left to right, but also for other anatomic structures lying in front of the spine.

Nutcracker syndrome and nutcracker phenomenon

As Nutcracker syndrome a situation is referred to, when @jooring a compression of the left renal veamd
left flank pain are observed at the same time, whereas the nutcracker phenomenon is the description of the
left renal vein compression with its many secaetxcept bloody uring hematuria If the bloodis visible by
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the naked eye the symptom is called macrohematuria, if the blood can be detected only by means of special
deviceghisis called microhematuria.

Freguentsymptoms:

1. abdominal pain: often above the navel

2. left-sided flank pain

3. abdominal @in (often leftsided)

4. headaches

5. deterioration of complaints during physical exertion

The Nutcracker phenomenon is an entrapment of the left renal vein between the aorta and the upper intestinal
artery (superior mesenteric arteryvhichis feeding theentire small bowel)

In thenutcracker phenomenon, the aortadséslodged frontallyoy the lumbar spine. Thisan beobservedvery
frequentlyin young girlsyoung and slendewomen, pregnant womenpeople with soft connective tissue and
overweight peopleWithin thisangle between the aorta anithe upper intestinal arteryunsthe left renal vein (see
imagebelow: "left renal vein™) and thduodenum. Both rather soft organs may be compressed bysthealled
nutcracker, whose branches are formed by thetadehindand the upper intestinal arterin front of the left

renal vein The blood flow in the left renal vein becomes disturbed, accelerated and pulsating. The obstruction of
the left renal vein blocks the outflow from the left kidney. Its blood istf@rced into tributaries that normally

bring blood from their organs towards the left renal vein. This sets these organs under pressure, they swell, their
vessels become engorged and the walls of these vessels react with an inflammation. These sollcaéeal c

vessels enlarge and go baggy, become varicose veins, which are painful.

é uperior ;
/§ mesenteric a.
53 |. renal vein

pancreas
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i Postgraduate Medical Journal (June 1983) 59;37%

F1G. 4. Diagram to demonstrate the nutcracker concept as suggested
by Jones et al. (1960).
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The nutcracker phenomenon

Table 2. LRV measure
urinalysis

s with negative

P P
LRV(cm)  LRV(cm)
061 0.42 146
Range 025099 020063  086-2.00
Standard deviation 0.15 0.9 031

LRV ratio

Pediatr Radiol (1991) 21:267-269
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In humans, contrasting to quadrupeds, the upper intestinal artery lies quite close to the aorta. This is a
consequence of the bipedal gait. The g postureof humandeads to a perpendicular position of the bowel so
that the feeding artery of the small bowel runs nearly parallel to the aorta.

In quadrupeds this angle is wide, nearly rectangular, since the bowel hangs downwards, follegnaitational
force. The aorta runs horizontally thus leaving abundant space for the left renal vein. The curvahesmpihein
guadrupeds differs from the human one. Humans develop a desisleaped spine after starting to walk as

children whereas quadrwgtis miss this swinging spinal shape. In animals the blood from the left kidney can pass
easily across the midline of the body to reach the inferior vena cava. This is the major vein of the lower body
collecting blood from the legs, the pelvis and the abdmahorgans(see image below froriMosby's Medical
Dictionary, 8th edition. © 2009, Elsevjer
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The compression of the left renal vein at the nutcracker phenomenon leads to a number of unpleasant
consequences. The renal blood accumulates in the obstduatén and its pressure rises. The vein enlarges, its
tributaries cannot empty into the vein, thadilate andin many cases the blood flow turns backwards into these
tributaries. They become collateral pathways for the left renal VEms carbe assessedasily by ultrasoundAn
experienced examiner can measure exactly how much¢hal veinisdilated, he can measurthe pressure inside
the vein, can measure the amount of blood that has tadbeerted and can thus define exactly which organs are
affected in which extent

Upper intestinal af

Left renal vein

Compre. r ,i”
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-

Sonogram of the compressed left renal vein ColorDoppler sonogram of the compressed left renal ve

Since the blood runfsom the left sidetowards the obstacle, the pressure rises in the-tedind portion of the left
renalvein. According to the laws of fluid dynamics, it runs to areas with lower resistance, the orghapelvis
andthe back.
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The accumulated blood must now flow through other veins that have connection to the left renal vein. Normally,
the left renal vein ishe goal of the blood of other adjacent organs, which dock their veins to the left renal vein as a
larger vessel. Under normal circumstances, the blood runs from these organs toward the renal vein. If the pressure
in the left renal vein rises, it may happ that the blood is pushed back and flow changes its direction. In the last
consequence, the blood that is meant to flow from the left renal vein to the inferior vena cava is diverted via so
called collateral vessels, which then have to take the congesteal vein blood.

Numerous collaterals of the left renal vein
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For the assessment of the situatitihat emergeshen, it is important to know that the kidney is the most
vascularizedblood filledorgan of the bodysecond onlyo the brain Even aminor flow impedimentsa
substantial amount of blood has to be carried away from the left kidney across the above mentioned collaterals.

Thesecollateralvessels are actually the feeder to the renal vein #ngshave amuch smalleand weaker caliber.

In addition, the organdrained byare significantly less perfused comparedhe kidney.The backflow of renal

blood to these organs produces a high pressure within these vessels since the congestion pressure from the left
renal veinis directly transferred to these organs due to their open communication as in communicating tubes.

An important but not well knowrollateralvessel, whickexissin many peopleis a short but largeein to the

spinal column, called theéno-rachidien.Other bypasses are the left ovarian or spermatic vein, the ascending
lumbar vein, the veins of the ureter, the hemiazygos vein and other veins of the retroparitone
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Le trone verneux réno-rachidien

Journal d”Urologie et de Néphrologie
1977, n° 10-11, pp. 753 a 761

Ph. FRANTZ, P. ABOULKER (*), R. KUSS et A. JARDIN

For. intervertebrale

2. Tronc réno-rachidien : il Left k|dney ct
D ‘espace 12- A . =
a) pour l‘u.\pdu, L2-L3, sectional
b) pour I'espace L1-L2, | | .
¢) pour I’espace D12-L1, | |
d) racine interne de 1’hémi-azygos.

tronc réno-rachidien
(colored)

Through the tronc réngachidien, a connection betvem
the left renal vein and the veins of the spine, blood car
reach the interior of the vertebral canal and can increas
the pressure of the cerebrospinal fluid. The sketch on th
left shows the intimate connections of the veins, inside g
outside the spial canal.

Within the spinal canal the blood can move upwards and downwards, primarily through the hemiazygos vein and
the ascending lumbar vein. Veins at the level of the intervertebral discs communicate with veins that enter the
spinal canal. In thease of nutcracker phenomenon the hemiazygos vein and the ascending lumbar vein are
subject to considerably increasing pressure. The blood flow changes its direction into the intervertebral veins, so
that eventually renal vein blood is injected into thersgicanalfor more details on the link between nutcracker
phenomenon and midline congestion syndrome: see chapter on midline congestion syndrome. below)

Insidethe spinal canal it fills a vast network of veins, the epidural plexus, that lies on the alutal sac, a sheath
of connective tissue enveloping the spinal cord that swims within this sac in the cerebrospinal fluid. The
cerebrospinal fluid communicates on the base of the skull with the cerebrospinal fluid that surrounds the brain.
Blood enterirg the epidural plexus from the left side, via the collaterals of the left renal ¥idithe plexus which
may become engorged. Its pressure rises so that the blood is diverted more or less, depending on the actual
pressure, up and down the spine and hedd exits with a pressure less than in the left renal vein. Not rarely it
simply leaves the spinal canal via intervertebral veins on the right side of the spine. These connect directly to the
inferior or superior caval veir(senae cavae)f the pressurashighenoughthe cerebrospinal fluid is shifted
towards the skull and causes a slight but perceptible rise of the pregsidethe skull.More frequently the

surplus blood inside the epidural plexus and of the other collateral pathways follows sheglyrce of gravity and
flows to veins of the pelvis, mostly via the left ovarian (or in males: spermatic) vein. This vein often enlarges
substantially, becomes painful amgeandering and bring renal blood to the left ovary and via its ovarian tube to
the uterus (in males: to the left testis, where a varicocele develops, and the prostate).

This guation is known as
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Pelvic congestion syndrome

Frequent symptoms

abdominal pain (often lefsided)

increased menstrual cramps

pain in the genitals

pain during bowel movements

urination and painful urination

congestion in the genital area (especially in women who had multiple births)
varicose veins in the groin and on the external genitalia

The chronically over-stretched veins meander as so-called varices ("varicose veins" i varix is of

Latin origin and means knobby, dilated vein) and cause pain and discomfort emerging in the wall

of the vein and in the congested organs as well. Many women (and postpubertal girls) complain

of pain in the left lower abdomen (area of the left ovary) and men complain about discomfort and
pain in left testicle.
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