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Unilateral non-rotated left kidney with vascular and ureter
variations in a cadaver: a unique case report with embryological
and educational aspects

Rim esquerdo unilateral sem rotagdo com variagdes vasculares e de ureter em cadaver:
relato de caso com aspectos embriologicos e educacionais

Kusum Gandhi1 @, Judith Jaison1, Eti Mantril

Abstract

The kidneys and ureters are retroperitoneal structures in the upper part of the paravertebral gutters, tilted against
the structures on the sides of the lowest two thoracic and upper three lumbar vertebrae, so that their anterior and
posterior surfaces face antero-laterally and postero-medially, respectively. Congenital anomalies of the urinary tract are
often the underlying cause of renal pathologies; 40% of these pathological conditions are due to variations in location,
shape, and size of the kidney(s), calyces, ureter, or bladder. This case report describes the presence of a unilateral non-
rotated left kidney with vascular and ureter variations found during routine cadaveric dissection for medical graduates.
Alterations in rotation of the kidney and its relation to structures at the hilum have great clinical significance when
conducting surgical procedures like partial nephrectomy, nephron sparing surgery, and renal transplantation.
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Resumo

Os rins e o ureter s&o estruturas retroperitoneais localizadas na parte superior do sulco paravertebral, inclinados
contra as estruturas laterais das duas vértebras toracicas inferiores e das trés vértebras lombares superiores. Assim, as
superficies anteriores e posteriores estao nas por¢oes anterolateral e posteromedial, respectivamente. As anomalias
congeénitas do trato urinario frequentemente sdo causas subjacentes de patologias renais, e 40% delas ocorrem devido
a variagdes no local, formato e tamanho dos rins, calices, ureter ou bexiga. Este relato de caso descreve a presenca
de rim esquerdo unilateral sem rotagdo com variagdes vasculares e de ureter encontradas durante uma dissecgéo de
cadaver rotineira com graduandos de Medicina. As alteragdes na rotagdo do rim e a sua relagdo com as estruturas
no hilo tém grande importancia clinica durante procedimentos cirlirgicos como a nefrectomia parcial, a cirurgia
poupadora de néfrons e o transplante renal.
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INTRODUCTION

The kidneys and ureters are retroperitoneal structures
in the upper part of the paravertebral gutters, tilted
against the structures on the sides of the lowest two
thoracic and upper three lumbar vertebrae, so that
anterior and posterior surfaces face antero-laterally
and postero-medially, respectively.! Congenital
anomalies of the urinary tract are often the underlying
cause of renal pathologies; 40% of these pathological
conditions are due to variations in location, shape,
and size of the kidney(s), calyces, ureter, or bladder.”
Rotational anomalies are a rare entity that is not cited
in most standard embryology textbooks and has
important clinical implications from the surgical point
of view, such as in percutaneous nephrectomy and in
preoperative diagnostic evaluation of kidney donors.

Kidney malrotation was found in only 1 of 939
autopsies and in 1 case per 390 hospital admissions.!®
Renal malrotation is very commonly associated with
an ectopic or fused kidney, but it may also occur in
kidneys with complete ascent. Renal malrotation
consists of non-rotation, incomplete rotation, reverse
rotation (the hilum faces laterally), and hyper-
rotation (the renal hilum faces ventrally, laterally
or dorsally).* Renal malrotation can be unilateral or
bilateral, although the latter may be misdiagnosed as
a horseshoe kidney.!:346-10

The primitive embryonic kidneys develop in the
pelvis with the hila directed ventrally."® Ascent of
kidneys precedes the descent of developing gonads
into the pelvis during 6% to 9" week of embryology
period. To arrive at their definitive position, the kidneys
undergo gradual ascension in the renal fossa along
the dorsal aorta.>!° During the process of ascent, the
kidneys rotate 90 degrees around their longitudinal
axis, so that the hilum faces medially.'*

Kidney malrotation along with vascular and
ureteral variation is an entity very rarely described
in literature.'®* Anatomical variations in the arterial,
venous, and ureteral patterning of the kidneys are
common; concomitant involvement of all these
anatomical variants in a single individual appears to
be much rarer. Arterial variants that diverge from the
generalized pattern of paired renal arteries emerging
laterally from the aorta, inferior to the level of the
superior mesenteric artery, have been observed in
approximately 30% of individuals."!> In the venous
system, variations in the drainage pattern that diverge
from the classically described paired vessels flowing
into the inferior vena cava (IVC) have been well
documented and can have an incidence rate similar
to that of the arterial system.'* However, variation in
the ureteral pattern is not as common as that found
in the vascular system. Reports indicate that genetic
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factors contribute to ureteric variations'* !> which
occur with an approximate incidence of 1%.'¢17
The case study presented here describes concomitant
variation in the rotation of the left kidney, its arterial
supply, venous drainage, and ureter formation.
Collectively, this case provides examples of important
anatomic considerations that relate foundational
anatomical science to educational practice. Ectopic
location and unusual vasculature can predispose to
iatrogenic trauma during interventional radiological
and interventional laparoscopic procedures and
emergency operations.'”'® Therefore, knowledge of
the possibility of this anatomical variation will be of
great help to clinicians and nephrologists in making a
correct diagnosis and preventing complications during
nephron sparing surgery and renal transplantation.

CASE REPORT

Routine undergraduate dissection for medical
students in our department revealed a unilateral non-
rotated kidney on the left side in a 97-year-old male
cadaver. The body was donated to our department for
teaching and research purposes. The cause of death
was cardiopulmonary arrest.

The right kidney was found to be normal in its
location, shape, size, and ureter formation. Varied
vasculature was observed in the form of branches of
the renal artery and formation of the renal vein. The
left kidney was found to be at a lower position than
usual, at the level of the second, third, and fourth
lumbar vertebrae. The inferior pole was at the level
of the L4-L5 intervertebral disc. The kidney was
broader near its middle third and inferior pole. The
cratered hilum of the left kidney, instead of being at
its medial border, occupied a large part of the anterior
surface and was situated nearer to the lateral than
the medial border. The renal vein and ureter were
the two structures traversing through the hilum, but
the renal artery was entering the renal parenchyma
through the medial border.

The structures emerging from the hilum of the kidney
mainly comprised the renal vein and the tubular ureter.
The renal vein had two major tributaries, superior and
inferior. The inferior tributary was formed by joining
two tributaries emerging from the inferior region of
the renal parenchyma and proceeded obliquely upward
and medially to join with the superior renal vein. The
left gonadal vein drained into this inferior tributary.
The main trunk of the renal vein traversed its usual
course between the abdominal aorta and superior
mesenteric artery to drain into the inferior vena cava.
There was no well-defined renal pelvis; instead the
tubular ureter had four divisions entering into the renal
parenchyma at the hilum of the kidney (labeled a, b,
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¢, and d in Figure 1). The course of the ureter was
then downward and medial to the urinary bladder.
The abdominal aorta was tortuous all along its course
in the abdomen. The Main Renal Artery (MRA) is
described as a single vessel, at a more or less constant
position opposite the renal hilus, from the abdominal
aorta, and which continues undivided (except for several
small branches- the inferior suprarenal, the perirenal
and the ureteral arteries) in its straight course to the
renal hilus. The MRA was thin and originated from
the abdominal aorta at a level just inferior to the origin
of the superior mesenteric artery, entering the kidney
through its medial border after giving off 3 branches
(represented by red asterisks in Figures 1 and 2) to
the left suprarenal gland. The accessory renal artery
(AcRA) arose from the aorta just lateral and inferior
to the origin of the inferior mesenteric artery, entering
the renal parenchyma through the medial border of
the kidney. The AcRA divided into two segmental

Figure 1. Shows left kidney with ventrally located hilum and the
tubular ureter emerging through the cratered hilum. The two
tributaries of the renal vein were medial to the ureter and anterior

to the main renal artery. The main renal artery took origin from
the tortuous aorta at the same level as the origin of the superior
mesenteric artery. An additional accessory renal artery took origin
from the abdominal aorta inferior to the inferior mesenteric
artery. A well-defined renal pelvis was absent and the tubular
ureter was formed of four tubular units, marked a, b, ¢, and d;
(AcRA) Accessory Renal Artery; (MRA) Main Renal Artery; (RV)
Renal Vein; (SMA) Superior Mesenteric Artery; (IMA) Inferior
Mesenteric Artery; (PM) Psoas Major Muscle; (QL) Quadratus
Lumborum; (U) Ureter; (D) Diaphragm.
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arteries before piercing the lower part of the medial
border of the kidney (Figure 2).

The case was observed in a body donated to our
department for educational and research purposes.
Body is accepted only after taking consent of the
deceased/next of kin which is in accordance to
Anatomy act of India.

DISCUSSION

Congenital abnormalities of the kidney and urinary tract
occur in approximately 3.3—11.1% of the population and
account for about 50% of all congenital abnormalities.
The most common renal malrotation is non-rotation,
whereas hyper-rotation with the hilum facing laterally
is the least common.!” Renal malrotation is usually
asymptomatic and detected accidentally,*® although it
may occasionally lead to ureteral distortion, urinary tract
obstruction, urolithiasis, or urinary tract infection.®!°

Figure 2. The left renal vein traversing anterior to the main
renal artery has been reflected to expose the main renal artery
and its branches to the left suprarenal gland (shown with red
asterisks). Note that after providing branches to the suprarenal
gland, the ACRA pierced the upper half of the medial border of
the kidney. The ACRA was thicker in comparison to the MRA.
(AA) Abdominal aorta; (AcRA) Accessory Renal Artery; (MRA)
Main Renal Artery; (RV) Renal Vein; (SMA) Superior Mesenteric
Artery; (IMA) Inferior Mesenteric Artery; (PM) Psoas Major
Muscle; (QL) Quadratus Lumborum; (U) Ureter; (D) Diaphragm.
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Interestingly, renal malrotation is also accompanied
by acute pyelonephritis and renal infarction in cases
reported by Tsai et al.?°

Anatomical variations

Arterial variants have been observed in approximately
30% of individuals, although population-specific
incidences have been shown to vary considerably.!!!
Studies documenting the major renal branches (rather
than the branching pattern into the kidney parenchyma)
suggest that arterial origins are possible along the entire
abdominal aortic axis. Branches at or superior to the
level of the superior mesenteric artery?' have been well
documented. However, renal arteries entering the renal
parenchyma through the medial border in a malrotated
kidney are not well documented in the literature. As with
the arterial system, variations in renal vein patterning
are not uncommon. Studies with large sample sizes
(e.g.,>100) suggest that variations in venous patterning
have an incidence of 23.5-30%, as observed through
computed tomography (CT)."® Variations in ureteral
patterning are not as common as those found in the
vascular system, but reports indicate an approximate
incidence of 1%.'%!7 Interestingly, to the best of our
knowledge, the pattern of ureter formation that we
encountered in this case is not reported in the literature.

Educational importance

Undergraduate and postgraduate students, who
participate in dissection courses during their training,
learn the basic features of human anatomy as well as
anatomical variations. Distinguishing which variations
have clinical significance requires both breadth and
depth of knowledge, particularly within each clinical
speciality.?? This case report will provide knowledge
about unique anatomic variations of concomitant
involvement of kidney, arteries, and ureter in the
same individual. Recognizing these variations when
planning appropriate investigation and treatment
procedures enables students as well as clinicians to
perform safe and uncomplicated surgical procedures.

Embryological aspect

The anatomic variations of the current case collectively
reflect important concepts related to the morphological
development of the kidney, its collecting system,
arterial supply, and venous drainage. During human
development, three slightly overlapping renal systems
are formed in a cranial to caudal fashion: pronephros,
mesonephros, and metanephros.? The pronephros is a
temporary organ that regresses at the end of the fourth
week of fetal life, while the mesonephros contributes
to Bowman’s capsule and the Wolffian duct in adult
kidneys. The metanephros appears in the fifth week
of fetal life and will give rise to the adult kidney. The
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renal excretory units originate from the metanephric
mesoderm and the collecting ducts from the ureteric
bud that penetrates the mesodermal tissue.

The primordial kidneys are initially located within
the pelvis with their hila directed anteriorly. The
kidneys receive their arterial supply from the pelvic
branch of the abdominal aorta and this orientation
changes during development. Following growth
and change in body length at the lumbar and sacral
regions, the kidneys undergo a relative ascent in the
abdomen as they shift to a more cranial position.***
This ascent is accompanied by a transitioning arterial
supply originating from aortic branches at sequentially
higher levels and medial rotation of the developing
kidney. The lower vessels usually degenerate, but
occasionally some remain, leading to anatomic
variations in the adult. Unlike the arterial system, the
venous system for the kidney arises from anastomotic
connections between the developing cardinal veins.”
Briefly, at 5-6 weeks of development, the posterior
and subcardinal veins exhibit anastomoses in a
segment-like fashion that drain aspects of the early
mesonephros. The subcardinal veins anastomose and
coalesce at the midline, contributing to the prerenal
portion of the IVC and what is generally considered
the developed right renal vein. Supracardinal veins,
like the other renal contributors, begin as bilaterally
symmetric, having segmental connections with the
posterior cardinal veins. As development continues,
the posterior cardinal veins degenerate, losing
the segmental nature of the connections that were
established with the subcardinal and supracardinal
network earlier. Ultimately, the supracardinal system
contributes to the postrenal segment of the IVC. This
segment fuses with the caudal posterior cardinal
segment that, in turn, gives rise to the common iliac
veins. Concomitantly, the supracardinal system on
the left side loses connections with the developed
left renal vein and the hemiazygos system. Persistent
connections between the venous cardinal networks
were observed in the current specimen.

Development of the ureters arises from bud
outgrowths of the mesonephric duct. For each kidney,
the ureteric bud penetrates the metanephric mesoderm
(metanephrogenic blastema) that forms a cap into
which the renal pelvis, calyxes, and collecting tubules
develop through branching morphogenesis.?** The
stalk of the ureteric bud elongates as the kidney
undergoes its relative ascent, resulting in formation
of the ureter by the ninth week of development. This
simultaneous morphogenesis of the vascular and
ureteric structures influences the medial rotation of
the hilum for each developing kidney.*

CONCLUSION

This case reports a unique anatomical variation
showing non-rotation of a left kidney with a larger
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accessory renal artery and absence of normal renal
pelvis. The embryological basis along with educational
aspects described will provide depth of knowledge to
medical graduates. Although this was a classic example
of developmental kidney anomaly, there were no
clinical manifestations which could be inferred from
the case history of the donor. Alterations in relation
of vascular structures and ureter at the hilum have
great clinical significance when conducting surgical
procedures like partial nephrectomy, nephron sparing
surgery, and renal transplantation.

REFERENCES

1. Romanes GJ. Thorax and Abdomen. In: Cunningham D), Romanes
G), editors. Cunningham’s Manual of Practical Anatomy. Oxford:
Oxford University Press; 1986.

2. Standering S. Gray’s anatomy: the anatomical basis of clinical
practice. 40th ed. Elsevier Publications. 2020.

3. Adamakis I, Pournaras C, Katafigiotis |, et al. Radical cystectomy
and lymphadenectomy to two patients with pelvic kidney: surgical
pitfalls and considerations. Case Rep Med. 2013;841806. http://
dx.doi.org/10.1155/2013/841806. PMid:24307907.

4. Benz-Bohm G. Anomalies of kidney rotation, position and fusion.
In: Fotter R, editor. Pediatric Uroradiology. Medical Radiology
(diagnostic imaging). Berlin: Springer; 2008. http://dx.doi.
org/10.1007/978-3-540-33005-9_4.

5. KaraE, Oztiirk NC, Ozgiir A, Yildiz A, Oztirk H. Ectopic kidney
with varied vasculature: demonstrated by CT angiography. Surg
Radiol Anat. 2011;33(1):81-4. http://dx.doi.org/10.1007/s00276-
010-0684-7. PMid:20556387.

6. Kelly CR, Landman J. Normal and abnormal development. In:
Kelly CR, Landman ), editors. The netter collection of medical
illustrations—urinary system, 2nd ed. Amsterdam: Elsevier
Saunders; 2012.

7. Lim TJ, Choi SK, You HW, et al. Renal cell carcinoma in a right
malrotated kidney. Korean ) Urol. 2011;52(11):792-4. http://dx.doi.
org/10.4111/kju.2011.52.11.792. PMid:22195271.

8. Muttarak M, Sriburi T. Congenital renal anomalies detected in
adulthood. Biomed Imaging Interv ). 2012;8(1):e7. PMid:22970063.

9. Seseke F. Clinical aspects of Paediatric Urology. In: Becker W,
Meller ), Zappel H, Leenen A, Seseke F, editors. Imaging in
Paediatric Urology. Heidelberg: Springer-Verlag; 2003. http://
dx.doi.org/10.1007/978-3-642-55785-9_1.

10. Shapiro E, Bauer S, Chow J. Anomalies of the upper urinary tract. In:
Wein A, Kavoussi L, Novick A, Partin A, Peters C, editors. Campbell-
Walsh Urology. 10th edn. Philadelphia: Elsevier Saunders; 2011.

11. Gulas E, Wysiadecki G, Cecot T, et al. Accessory (multiple) renal arteries -
differences in frequency according to population, visualizing techniques
and stage of morphological development. Vascular. 2016;24(5):531-7.
http://dx.doi.org/10.1177/1708538116631223. PMid:26945775.

12. Bergman R, Tompson S, Aff A, Saadeh F. Compendium of Human
Anatomic Variation: Text, Atlas, and World Literature. Munich:
Urban & Scharzenberg, Inc.; 1988.

13. Koc Z, Ulusan S, Oguzkurt L, Tokmak N. Venous variants and
anomalies on routine abdominal multi-detector row CT. Eur ) Radiol.
2007;61(2):267-78. http://dx.doi.org/10.1016/j.ejrad.2006.09.008.
PMid:17049792.

14. Atwell )D, Cook PL, Howell CJ, Hyde |, Parker BC. Familial incidence
of bifid and double ureters. Arch Dis Child. 1974;49(5):390-3.
http://dx.doi.org/10.1136/adc.49.5.390. PMid:4834020.

15. Whitaker J, Danks DM. A study of the inheritance of duplication
of the kidneys and ureters. ) Urol. 1966;95(2):176-8. http://dx.doi.
0rg/10.1016/50022-5347(17)63429-3. PMid:5903033.

Non rotated kidney, Dr.Kusum Gandhi

16. Alberts VP, Minnee RC, Pant KAD, et al. Duplicated ureters and
renal transplantation: a case-control study and review of the
literature. Transplant Proc. 2013;45(9):3239-44. http://dx.doi.
org/10.1016/j.transproceed.2013.06.012. PMid:24182792.

17. Pollak R, Prusak BF, Mozes MF. Anatomic abnormalities of cadaver
kidneys procured for purposes of transplantation. Am Surg.
1986;52(5):233-5. PMid:3518559.

18. Dunnwald M, Pizzimenti MA. A case study of Malrotated Kidneys
with asymmetric multiple renal arteries, variant venous drainage, and
unilateral ureteral duplication. Case Rep Vasc Med. 2019;2019:1893137.
http://dx.doi.org/10.1155/2019/1893137. PMid:31011461.

19. Barakat AJ, Drougas JG. Occurrence of congenital abnormalities of
kidney and urinary tractin 13,775 autopsies. Urology. 1991;38(4):347-
50. http://dx.doi.org/10.1016/0090-4295(91)80150-6. PMid:1755145.

20. Daneman A, Alton D). Radiographic manifestations of renal
anomalies. Radiol Clin North Am. 1991;29(2):351-63. PMid:1998056.

. Satyapal KS, Haffejee AA, Singh B, Ramsaroop L, Robbs JV, Kalideen
JM. Additional renal arteries: incidence and morphometry. Surg
Radiol Anat. 2001;23(1):33-8. http://dx.doi.org/10.1007/s00276-
001-0033-y. PMid:11370140.

22. Willan PL, Humpherson JR. Concepts of variation and normality
in morphology: important issues at risk of neglect in modern
undergraduate medical courses. Clin Anat. 1999;12(3):186-90.
http://dx.doi.org/10.1002/(SICI)1098-2353(1999)12:3< 186:AID-
CA7>3.0.CO;2-6. PMid:10340459.

23. Sadler TW. Urogenital system. In: Langman J, editor. Langman’s medical
embryology. 12th ed. USA: Lippinott Williams & Wilkins; 2012.

24. Moore KL, Persaud TVN. The cardiovascular system. In: Moore KL,
Persaud TVN, editors. The developing human: clinically oriented
Embryology. 7th ed. Philadelphia: Saunders; 2003.

. Schoenwolf GC, Bleyl SB, Brauer PR, FrancisWest PH. Larsen’s
human Embryology. 4th ed. Philadelphia: Churchhill Livingstone;
2009. Development of the vasculature. p. 385-432.

2

—

2

w

Correspondence

Kusum Gandhi

All India Institute of Medical Science — AlIMS, Department of
Anatomy

Saket Nagar, Bagh Swaniya

462026 - Bhopal (Madhya Pradesh), India

Tel: +919689484225

E-mail: kusum.anatomy@aiimsbhopal.edu.in

Author information

KG - MBBS, MD Degree in Human Anatomy from Rural Medical
College PIMS; Assistant Professor, Department of Anatomy, All India
Institute of Medical Science (AlIMS).

J) - BSc in Forensic Science, MSc in Medical Anatomy; Tutor,
Department of Anatomy, All India Institute of Medical Science
(AIIMS).

EM - BDS, MSc in Medical Anatomy; Tutor, Department of Anatomy,
All India Institute of Medical Science (AIIMS).

Author contributions

Conception and design: KG

Analysis and interpretation: KG

Data collection: KG, JJ, EM

Writing the article: JJ, KG

Critical revision of the article: KG, J)
Final approval of the article*: KG, JJ, EM
Statistical analysis: N/A

Overall responsibility: KG

*All authors have read and approved of the final version of the article
submitted to ) Vasc Bras.

Gandbhi et al. ] Vasc Bras. 2021;20:¢20200156. https://doi.org/10.1590/1677-5449.200156 5/5


https://doi.org/10.1155/2013/841806
https://doi.org/10.1155/2013/841806
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24307907&dopt=Abstract
https://doi.org/10.1007/978-3-540-33005-9_4
https://doi.org/10.1007/978-3-540-33005-9_4
https://doi.org/10.1007/s00276-010-0684-7
https://doi.org/10.1007/s00276-010-0684-7
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20556387&dopt=Abstract
https://doi.org/10.4111/kju.2011.52.11.792
https://doi.org/10.4111/kju.2011.52.11.792
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22195271&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22970063&dopt=Abstract
https://doi.org/10.1007/978-3-642-55785-9_1
https://doi.org/10.1007/978-3-642-55785-9_1
https://doi.org/10.1177/1708538116631223
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26945775&dopt=Abstract
https://doi.org/10.1016/j.ejrad.2006.09.008
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17049792&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17049792&dopt=Abstract
https://doi.org/10.1136/adc.49.5.390
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4834020&dopt=Abstract
https://doi.org/10.1016/S0022-5347(17)63429-3
https://doi.org/10.1016/S0022-5347(17)63429-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=5903033&dopt=Abstract
https://doi.org/10.1016/j.transproceed.2013.06.012
https://doi.org/10.1016/j.transproceed.2013.06.012
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24182792&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3518559&dopt=Abstract
https://doi.org/10.1155/2019/1893137
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31011461&dopt=Abstract
https://doi.org/10.1016/0090-4295(91)80150-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1755145&dopt=Abstract
https://doi.org/10.1007/s00276-001-0033-y
https://doi.org/10.1007/s00276-001-0033-y
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11370140&dopt=Abstract
https://doi.org/10.1002/(SICI)1098-2353(1999)12:3%3c186::AID-CA7%3e3.0.CO;2-6
https://doi.org/10.1002/(SICI)1098-2353(1999)12:3%3c186::AID-CA7%3e3.0.CO;2-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10340459&dopt=Abstract

