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Failed renal autotransplantation in “Nutcracker” syndrome – 

extreme pain in autotransplanted kidney while standing 
Main facts are tagged (#) 
 
Medical history  
 
The now 15 years old girl started suffering from #stomach pain already at the age of 9 years. At that time, 
the pain in the epigastric area lasted for 2 months and no definite cause could be defined. At the age of 
12 a similar episode reoccurred but lasted for 6 months altogether. This was after a growth spurt. Today 
the patient is very tall and slender but at that time her body height was above the normal range. The 
pain was most severe after meals and then was accompanied by #postural tachycardia and rare episodes 
of fainting. 
The postural tachycardia got worse and at the age of 13 years the diagnosis of #median arcuate ligament 
syndrome was made. An open surgery was performed in August 2019. The epigastric pain disappeared 
afterwards but POTS got worse. 
Then a growing #pain in the left hypochondrium evolved which was also more severe after meals and 
radiated towards the left renal fossa. The pain had a severity of 8/10 and was sometimes also felt in the 
right lumbar region. This pain was attributed to a #nutcracker syndrome and in February 2020 an 
#autotransplantation of the left kidney towards the left iliac fossa was carried out. The stomach pain 
remained but differed in terms of quality. That is why the suspicion of a superior mesenteric artery 
syndrome was raised but a CT angiogram and a swallow test came out normal. The pain centered around 
and left and below the umbilicus, is now a constant one but increases after meals to 8/10. Especially 
#painful is the area above the left renal autotransplant. Due to the suspicion of an overactive gallbladder 
the gallbladder was removed in August 2020. After this operation, a constant diarrhoea developed. 
Nevertheless, no loss of body weight was observed. The actual body weight is 56 kg at a height of 175 
cm. The body height is slightly above the 90th percentile for age. 
The pain in the left lower abdomen is barely bearable and increases a lot after the patient stands 
#upright. The postural tachycardia is still in place and is treated by beta-blockers. A swelling of the legs is 
denied as well as severe menstrual pain. 
 
 
 
Clinical findings 
 
 
There are still reddened but otherwise unremarkable abdominal scars in the abdominal midline as well as 
smaller reddish scars after laparoscopic interventions in the right midabdomen. A lumbar lordosis is 
evident which lifts up the dorsal contour about 2 cm above the bed in a supine posture. The abdominal 
palpation reveals severe pain in the left iliac fossa, just above the renal autotransplant and in the 
epigastric area in the center of a line stretching from the umbilicus to the xiphoid. No lump is palpable. 
The peristalsis sounds normally, vascular bruits are not audible. The cutaneous vasculature is not dilated. 
The patient is exceptionally tall and #slender with a body height above the 90th centile for her age and 
#positive wrist sign and thumb sign which might point to a Marfan syndrome or another connective-
tissue disorder. 
 
Sonographic findings 
 
The urinary bladder is little filled and unremarkable. The inner orifice of the urethra is gaping and is 
surrounded by dilated and winding veins. The wall of the vagina is thickened to 4 mm and enlarged veins 
are found between urethra and vagina and vagina and rectum as well. Moreover, the myometrium 
shows dilated and winding veins. Thus, these findings constitute a pelvic congestion. 
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Both femoral veins are compressed at the crossing with the pubic bone causing a flow acceleration from 
20-30 centimeters per second at the upper thigh on both legs to 120-150 cm/s in front of the pubic bone. 
This compression is caused by the stretching of the femoral vein at the crossing of the pubic bone. 
Interestingly, the femoral vein compression on the left side remains unchanged or even gets stronger 
when the hips are flexed. This is due to a fluid-filled layer between the pubic bone and the vein which 
increases while flexing the hips. This pad is encapsuled and thus regarded a bursa. The trans-sectional 
area of the femoral vein at this compression site on the left upper thigh is 1/10 of the trans-sectional area 
of the femoral artery. 
The anastomosis of the renal vessels with the external iliac vessels on the left side is without stenosis. 
The blood flow volume the left renal vein and artery is around 370 mL/min. The blood flow intensity of 
the renal parenchyma of the left kidney is strongly reduced compared to the right kidney when the 
patient is lying supine. 
The blood flow within the internal iliac veins on both sides is directed cephalad. The right internal iliac 
vein consists of 2 branches uniting directly at the mouth into the common iliac vein. The blood flow 
volume of each internal iliac vein is in a similar range, 
#The left common iliac vein is compressed while crossing the right common iliac artery due to the 
uplifting of the fifth lumbar vertebra because of the anterior tilt of the pelvis and the resulting strong 
lumbar lordosis. The flow acceleration is 3-fold. The minimum distance between the intervertebral disc 
L4/L5 and the inner lining of the abdominal wall is only 7 mm. #The vena cava inferior is thus compressed 
and its anterior-posterior diameter is reduced from 10 to 1 mm. Nevertheless, the resulting flow 
acceleration is only 3-fold as at the May-Thurner point. This can be explained by the slit like shape of the 
vena cava at the compression site which still has a trans-sectional area of 1.4 cm² in deep inspiration and 
0.4 cm² in midposition of the diaphragm. Both compressions hamper the return of blood from the left 
venous pelvic axis towards the heart. 
The hemodynamic relevance of the compression of the vena cava is underscored by a strong collateral 
vein emerging from the origin of the vena cava and running dorsally towards the azygos vein thus 
bypassing of the compression site of the vena cava. This collateral transports about 300, sometimes only 
100 mL/min. The changing flow volume is strongly affected by respiratory activities. 
 
The coeliac trunk is branching off the aorta high in the epigastric area. It takes a meandering course. The 
flow velocity within the aorta is 119 cm/s and in diaphragmatic midposition 122 cm/s in the origin of the 
coeliac trunk. In inspiration the flow velocity repeatedly drops to 102-105 cm/s and increases to 154 cm/s 
in expiration. This points to a remnant of the compression of the coeliac plexus by the aortic hiatus. 
In close proximity to the bile duct a strong turbulence and flow acceleration within the splenic vein can 
be demonstrated. Left to the superior mesenteric artery its flow velocity is around 28 cm/s but at the 
stenosis of the vein the flow velocity increases to 172 cm/s. Since this stenosis is near to the operation 
site of the gallbladder and no compressing structures beside the bile duct (4 mm) can be demonstrated 
in close proximity to this localized flow acceleration it may be a scar, causing this narrowing of the splenic 
vein. 
In the right upper abdomen dilated and apparently little contracting small bowel segments are found. No 
inflammatory activity and no swelling of the wall can be observed in these bowel loops. Nevertheless, 
the constant dilatation of these loops, for which the reason still has to be defined, may contribute to the 
post-prandial pain in the right hypochondrium. 
 
In order to evaluate the duodenal transport, the peristalsis within the horizontal part of the duodenum is 
observed before and after intake of solid food and fluids. Shortly after the ingestion of food a strong 
peristalsis within the duodenum can be detected which lifts up the superior mesenteric artery and 
passes sufficient amounts of duodenal content across the midline without any symptoms reported by 
the patient on request. This transport can be repeatedly confirmed. Thus, a Wilkie syndrome can be ruled 
out for sure despite a narrow sagittal angle of both arteries which seem to compress the duodenum 
when it is empty. Then the distance between the superior mesenteric artery and the aorta is only 2.8 
mm. But as soon as food arrives this distance increases to 7.8 mm. Moreover, the SMA is not in the same 
sagittal plane as the aorta at the crossing of the horizontal part of the duodenum. The strong lumbar 
lordosis lifts up both arteries against the frontal abdominal wall thus pushing the SMA towards the right 
of the aorta at the crossing of the duodenum. This results in a narrow aorto-mesenteric angle in the 
sagittal plane but a wider angle in the horizontal plane. This explains the undisturbed transport inside the 
duodenum despite apparently narrow angle on the CT angiogram. 
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The blood flow within the portal vein is undisturbed and slightly undulating. The liver is unremarkable, 
normally sized and the gallbladder is removed. The bile duct has a diameter of 4 mm. The spleen has a 
volume of 222 mL with 8 x 8x 6.5 cm. Thus, the narrowing of the splenic vein does not cause a 
splenomegaly. 
 
Since the patient suffers most while standing upright the perfusion measurement is repeated in an 
#upright position. 
The change of the size of the vena cava inferior is eye-catching. The vessel, which was slit like in a supine 
position transforms to a round-shaped vessel now without any compression and a trans-sectional area of 
2.5 cm² at the region described above. Moreover, a #strong ptosis of the liver and  the right kidney is 
impressive. The lower pole of the kidney sinks behind the iliac bone and the entire kidney moves 
downward for a distance of 8 cm. This strong and rapid ptosis is accompanied by a subsequent eye-
catching reduction of the parenchyma perfusion of the right kidney. The left kidney in the left iliac fossa 
simultaneously receives much more blood. #The left kidney swells within a few minutes from 51 to 70 
mL/m² whereas the size of the right kidney remains constant at around 52 milliliters per square meter. 
The compression at the May Thurner point does not change in terms of the diameters before and at the 
compression site but also in terms of the flow acceleration. When in a supine position the flow 
acceleration is 3-fold it does not increase above the factor 3 while standing upright. The low flow signals 
within the uterus subside. 
The dramatic changes of the hemodynamics within the abdomen and pelvis can be explained by the 
rapid distension of the veins in the lower hemisphere. A blood pooling within the pelvis occurs despite 
the massive increase of the perfusion of the left kidney. The pelvic veins swallow these additional 
amounts of blood without producing a pressure high enough to return the blood towards the right 
atrium. This is underscored by the not increasing pressure gradient at the May Thurner point and by the 
disappearing pressure gradient in the vena cava inferior and the venous stasis inside the myometrium. 
Simultaneously the patient develops a strong pain in the region of the left kidney and starts trembling 
and reacts with disturbed circulation. The blood pressure remains within the normal range (127/88 
mmHg: Heart rate 88/min). 
 
#The diagram below reflects the impressive perfusion changes of both kidneys with respect to the body 
posture. In a supine position already a slight suppression of the perfusion of the left kidney compared to 
the right one must be stated. #This can be interpreted as an effect of the May-Thurner constellation 
which does not allow a free drainage of the left kidney after its autotransplantation. But after assuming 
an upright position the severe perfusion reduction of the right kidney requires the left kidney to take 
over the additional perfusion volume. This is accompanied night by a simultaneous massive swelling of 
the left kidney which from my point of view is responsible for the pain of the patient in the left lower 
abdomen. In addition to this distending pelvic veins contribute to this pain while standing upright. The 
post-prandial acceleration of the pain can be explained by the narrow space left between the 
retroperitoneal vessels and the abdominal wall. The post-prandial filling of bowel loops can easily 
produce an additional compression of the vena cava and the iliac veins. 
 

Diagram of the renal parenchymal perfusion measurement with the PixelFlux technique 
The columns indicate the perfusion intensity in cm/s calculated as perfusion velocity [cm/s] of all colored pixels multiplied by the 

area of all colored pixels [cm²] divided by the area of all pixels of the entire region of interest [cm²] 
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Diagnoses 
 
 

1. Clinical and sonographic suspicion for a connective-tissue disorder 
2. Autotransplanted left kidney into the left iliac fossa 
3. Severe lumbar lordosis 
4. Pelvic congestion 
5. Pooling of venous blood due to the hyperdistensible veins in the pelvis 
6. May Thurner constellation which reduces the return of pelvic blood from the left kidney and the 

left venous axis and does not change with the body posture 
7. Strong ptosis of the right kidney while standing upright with subsequent shift of the renal 

perfusion from the right towards the left kidney 
8. Subsequent rapid and painful swelling of the left kidney in the left iliac fossa 
9. Additional pooling of venous blood within the pelvic area while standing upright 
10. Variable compression of the vena cava inferior which disappears in an upright posture 
11. Compression of both femoral veins well crossing the pubic bone 
12. Narrowing of the splenic vein in the region of the bile duct-due to scars? 
13. Remnants of the pre-operated coeliac artery compression which might contribute to the post-

prandial epigastric pain 
14. Definitely no Wilkie syndrome 
15. Motor dysfunction of small bowel loops in the right upper abdomen 
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Recommendations 
 
The suspected connective-tissue disorder substantially contributes to the symptoms of the patient 
which are caused by pooling of the blood in the pelvic region and the autotransplanted left kidney while 
standing upright thus triggering a POTS due to acute reduction of the circulating blood volume and 
producing a painful swelling of the left autotransplanted kidney. 
From my point of view a nephropexy of the right kidney could help to improve its perfusion in an upright 
body posture when the postural drop of the right renal perfusion could be mitigated by reducing the 
drag on the vascular renal pedicle. So, the swelling of the left kidney and pelvic pooling could be 
reduced. The position of the left kidney in the pelvis adds substantially to the pelvic pooling. 
 
(The original position of the left kidney and a restoration of the normal drainage towards the vena cava 
would have reduced not increased the blood accumulation in the pelvis.) 
 
Then a reduction of the pressure gradient the May-Thurner point might improve the return of blood from 
the left kidney towards the central circulation. Also, a further reduction of the compression of the coeliac 
trunk by the aortic hiatus might improve the post-prandial epigastric pain. 
The findings have been discussed with Professor Sandmann was going to see the patient on Monday 
next week. 
 
 
 
 
 
 
 
Professor Dr. med. habil. Thomas Scholbach 
 
 
 
 
 
 
 
 
 


