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Abstract

Background Malrotation of the bowel due to imperfect embryologic development is a rare condition with a wide
spectrum of resulting anatomical variations. Similar conditions are achieved in the adult by derotating the bowel
via the Cattell-Braasch maneuver. However, possible preparational bias might compromise the resulting topography.

Case presentation We present a case of atypical malrotation of the bowel in a cadaver study using a 96-year-old Caucasian
male specimen with incidental finding of the pathology post mortem with no known surgical intervention in the abdomen
during his lifetime. We compare the topography and abdominal layers with the anatomy of a 98-year-old Caucasian female
specimen where the Cattell-Braasch maneuver was used to revert the embryologic development.

Conclusions Reverting the embryologic development in the adult via Cattell-Braasch maneuver enables to mirror inherent
malrotation and reestablishes the position of the bowel prior to its rotation. The Cattell-Braasch maneuver is further validated
in this study by showing that it is able to demonstrate essential layers for surgical interventions without damaging their
integrity. Atypical malrotation unmasks those fascial border-like layers, which are often hidden due to adhesions and fusing
of tissue during the usual embryologic development. Developmental defects present a chance to explore essential surgical
layers that are otherwise masked by artifacts due to fusion of layers of connective tissue.
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Background

The embryologic development of the gut unfolds in sev-
eral stages, beginning with a differentiation into foregut,
midgut, and hindgut in the fourth week post fertilization
[1, 2]. The following proliferational and rotational steps
extend from about 30 days post fertilization until the end
of the embryonic phase [1-4]. In a first step, we encoun-
ter a physiological herniation of the primitive gut into the
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extraembryonic coelom. The first stage includes a coun-
terclockwise rotation of the herniated gut by 90°, result-
ing in a now horizontal orientation [1, 2, 4]. A further
rotation by 180° occurs in a second step, which results
in the large intestine forming the frame around the small
intestine after reposition in the abdominal cavity. In the
final steps, proliferation of the left-sided cecum places
it in the lower-right abdominal quadrant [1, 4]. In their
final position, the ascending and descending colon “fuse”
with the back wall of the abdominal cavity [4].

According to Adams et al., malrotation of the bowel
appears in 1 out of 500 people [5]. A wide spectrum of
malrotation is distinguished, depending on the extent of
the insufficiency of the described steps while specifically
taking the resulting position of the cecum and duodenum
into account [4, 6-9]. An essential differentiation appears
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to concern the position of the ligament of Treitz in rela-
tion to the midline and the level of the pylorus. While in
“typical” cases of malrotation the ligament of Treitz is
either absent or located on the right side of the midline,
in atypical malrotation the ligament of Treitz is located
on the left side of the midline and below the level of the
pyloric outlet compared with the normal anatomy [7, 8].

Atypical malrotation has a significantly lower risk for
the development of a volvulus, which rationalizes not
rushing to surgical correction but favoring a conservative
approach in asymptomatic patients [7, 8]. This, however,
is a simplification of a very complex decision-making
process due to the plethora of anatomical variations and
clinical considerations.

In this case report, we present the anatomy in a human
specimen in which an atypical malrotation was encoun-
tered in our dissection course and compare it with the
surgical Cattell-Braasch maneuver, which reverts the
embryologic development by surgical derotation of the
bowel [10, 11].

The method is susceptible to preparational bias, which
leaves unanswered the question of whether the adhesions
that are released and the layers that are thus presented
are valid and anatomically sound. We use this rare case
of atypical malrotation to evaluate the Cattell-Braasch
maneuver and the resulting anatomy.
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Case presentation

We present the anatomy of a 96-year-old Caucasian male
human specimen. For demonstrational purposes, we
have added images of a 98-year-old Caucasian female
specimen to present the Cattell-Braasch maneuver in
direct comparison.

Permission for educational and scientific use at the
Institute of Anatomy at the University of Leipzig was
granted by the body donors before death in accordance
with the Saxonian Death and Funeral Act of 1994. The
study was conducted in accordance with the Declara-
tion of Helsinki, and approval by the institutional review
board of the University of Leipzig was granted for ana-
tomical studies on body donations after informed con-
sent (project identification code 129/21-ek, date of
approval 1/3/2022). The signed consent documents can
be provided by the corresponding author on reason-
able request. The body of the male donor was prepared
for our dissection course using ethanol—-glycerin fixation
with thymol conservation [12]. The female body donor
was used without fixation shortly after death.

In our presented case, a detailed patient history is
lacking owing to the incidental finding post mortem,
especially regarding recurrent abdominal symptoms.
However, we did not observe any scars and encountered
no peritoneal adhesions that might have been caused by
surgical intervention. The cause of death was a stroke,
according to the death certificate.

Fig. 1 View onto the abdominal cavity after inverted Y-incision. a Intraperitoneal anatomy after inverted Y-incision shows no pathology

besides diverticulosis of the sigmoid colon (not shown here) and inflammatory adhesion of the greater omentum on the gallbladder (X). The
small intestine (*) is located in the right hemiabdomen, the large intestine with the cecum (**) in the left hemiabdomen. The instrument aims

at the appendix. b Schematic depiction of the atypical malrotation at hand. The course of the duodenum and the duodenojejunal loop (brown)
behind the mesenteric root with the superior mesenteric artery (red arrow) is outlined in the schematic draft. The dotted gray line shows

where the meso (pale overlay) is attached to the small intestine, the dotted black line shows the attachment to the cecum (**) and following part
of the large intestine. The dotted red line shows the anastomosis of Riolan connecting the superior mesenteric artery with the inferior mesenteric

artery (green arrow). Position of the bowel mirrors the position in Fig. 2a
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After opening the abdomen with an inverted Y-inci-
sion, we encountered the anatomy as depicted in Fig. 1.
The abdominal organs showed no visible sign of tumor-
ous growth. The only intraabdominal pathologies that
were observed included diverticulosis of the sigmoid
colon and a cholelithiasis, which seemed to have caused
a chronic inflammation judging by the most likely inflam-
matory adhesion of the greater omentum onto the gall-
bladder (Fig. 1).

The small intestine was located in the right hemiab-
domen. The duodenum crossed the midline to the left
and was fixated by Treitz ligaments; the duodenojeju-
nal loop however immediately crossed back to the right
hemiabdomen behind the mesenteric root. The large
intestine was located in the left hemiabdomen with the

L3
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cecum in the upper-left quadrant, clearly identified by
the attached appendix. The parts of the large intestine
up to the left colic flexure were mobile and attached to
the back wall of the abdomen via the mesenteric root.
The anatomy of the descending colon is consistent
with normal conditions with a regular fusion with the
abdominal wall. This state prompted the diagnosis of
an atypical malrotation of the gut with partial rotation
of the duodenum [8, 9]. A full view on the malrotated
loops and the mesenteric root is given in Fig. 2.

As presented in Fig. 3, shifting the bowel to the left
side allowed free view onto the right fascia of Gerota,
which sealed off the retroperitoneum. The surface was
completely smooth and unscarred, the only adhesions
being the usual duodenal fusion with the abdominal

Z TISE N

Fig. 2 View of the malrotated loops with full display of the mesenteric root and comparison with the Cattell-Braasch maneuver. a Display

of the unwound bowel without the typical frame of the colon around the small intestine due to the malrotation. The beginning of the jejunal
loop (*) is in the upper right quadrant after the crossing of the duodenojejunal loop behind the mesenteric root to the right hemiabdomen (refer
to Fig. 1b). The cecum (**) marking the beginning of the large intestine is in the upper-left quadrant; the attached appendix is manually displayed.
b Display of the unwound bowel after Cattell-Braasch maneuver, showing a similar anatomy as in a. Here, the Treitz ligament was released, which
allows a full derotation and transposition of the duodenum to the right hemiabdomen, therefore the beginning of the jejunal loop (*) is also in
the upper right quadrant. Cecum (**) is visible in the left hemiabdomen. ¢, d The mesenteric root, being the remnant of the dorsal mesogastrium,
is on full display, and the colors mark which part of the bowel the mesogastrium belongs to. Orange: dorsal mesogastrium of the small intestine;

red: dorsal mesogastrium of the large intestine
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Fig. 3 View on the back wall of the abdomen. a Display of the right fascia of Gerota, confining the retroperitoneum after dislodging the small
intestine to the left. Instrument points at the smooth fascia of Gerota. Partially rotated duodenum (arrow) crosses the midline to the left.

¢ After crossing the midline, the duodenojejunal flexure (X) makes another turn and the duodenojejunal loop (*) crosses the midline

behind the mesenteric root to the right hemiabdomen (refer to Fig. 1b). The descending colon (***) shows no divergence from the usual
topography. b Display of the right fascia of Gerota after Cattell-Braasch maneuver and thereby mobilization of the ascending colon. Duodenum

is already mobilized by Kocherization and release of the ligament of Treitz, thereby allowing a full derotation. Therefore, the duodenal

loop is not attached to the back wall anymore and lifted off the fascia of Gerota in this image. d Similarly, since the duodenum, as well

as the duodenojejunal flexure, was mobilized and derotated, demonstration of the left hemiabdomen after pushing the bowel to the right shows
no duodenum or duodenojejunal loop. Descending colon (***) shows no divergence from the usual topography

wall and fascia of Gerota. Shifting the small intestine to
the right allowed a view onto the described duodenoje-
junal loop and descending colon.

Discussion and conclusions

In this case report, we present an “atypical malrota-
tion” of the gut with a partially rotated duodenum,
thereby following the classification of Mehall et al.
and the nomenclature used by Xiong et al. [8, 9]. Our
case would stem from a lack of rotation beyond the
very first stage, in which the primitive gut rotates 90°,
which places the small intestine in the right hemiab-
domen and the large intestine in the left hemiabdo-
men. The partial “rotation” of the duodenum is caused

by duodenal proliferation, which pushes it behind the
mesenteric root and over the midline, before the duo-
denojejunal loop returns to the right hemiabdomen
instead of the usual position in the left hemiabdomen
within the frame of the colon [4, 6, 13] (Fig. 1).

This anomaly is an unusual and also invaluable find-
ing for manifold reasons. Firstly, the lack of rotation
in itself—especially to the presented extent—is a rare
occurrence. Secondly, the malrotation had no surgi-
cal implication during the lifetime of the body donor
despite the old age, providing us with an unmarred
abdominal cavity to study. Thirdly, this anatomy vali-
dates the surgical Cattell-Braasch maneuver, which
is used to derotate the bowel in the adult for the pur-
pose of a better overview and mobilization of the bowel
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for various surgical procedures [10]. This essentially
reverts the embryologic development.

We however use the Cattell-Braasch maneuver in our
cadaver studies to simplify the topography and enable
us to study the remnants of the dorsal mesogastrium
of the adult intestinal tube and fascial borders [11]. We
focus specifically on those borders in order to transfer
our insights to surgical oncology. But, how does a fault-
ily rotated bowel help us understand fascial borders? And
how do those fascial borders facilitate surgical tumor
resection?

As we previously described [11], our group strongly
favors the notion that thorough tumor resection is only
possible if the tumor is removed along with the compart-
ment in which it originates. This compartment is defined
by a common embryologic origin with an enveloping
layer of connective tissue. These layers enable the sur-
geon to preserve neighboring tissue that does not belong
to the compartment that has to be eliminated, even if this
tissue is in immediate vicinity to the region at risk.

This approach led to the creation of revolutionary
methods such as the “total mesorectal resection” (TME)
by Heald and the “total mesometrial resection” (TMMR)
by Hockel [14, 15].

In order to separate the compartments, we previously
revisited the Cattell-Braasch maneuver, since it enables
the reconstitution of the much simpler embryologic anat-
omy [10, 11]. By doing this and reverting adhesions, we
can separate layers that are merely artificially connected,
but not due to their mutual ontogenetic origin. These lay-
ers can often be separated even by blunt dissection. We
thereby unmask fascial borders that can lead the surgeon.
However, our methodology carries the risk of prepara-
tional bias, which in turn provokes a comprehensible
skepticism toward the results of such study.

Therefore, we were enthusiastic to see a situs in which
we can trace how the bowel would be situated prior to
a proper rotation and masking of fascial borders, which
is exactly the state we manually restore via the Cattell-
Braasch maneuver [11], except for the still fixed Treitz
ligament in the malrotated specimen. In Figs. 2 and 3, we
present an example of our Cattell-Braasch maneuver in a
cadaver and compare it directly with the anatomy that we
encounter in the malrotated specimen. Major analogies
are the facilitation of the presentation of the remnants
of the dorsal mesogastrium (Fig. 2) and the preservation
of the fascia of Gerota as a barrier toward the retrop-
eritoneum (Fig. 3). The confining fascia appears entirely
immaculate when there is no fusion with the large intes-
tine. At first, the distinction between the compartment
of the intestine and the retroperitoneum might appear
obvious. But the demonstration of the intact surface of
the fascia of Gerota as in our malrotated specimens puts
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emphasis on the barrier that the fascia can pose. This
requires an approach that respects borders and facilitates
embryologic knowledge to find the proper layer to oper-
ate in.

Conclusion
In this case report, we highlight an “atypical malrotation”
from two angles.

From a practical clinical standpoint, the presented
anatomy can remind the clinician of pitfalls while inter-
preting symptoms of a patient. We want to give clinicians
an insight into the untouched anatomy of a malrotated
bowel. We show that knowledge in embryologic develop-
ment can still be relevant when encountering this incred-
ibly rare anomaly even in older patients.

Additionally, we want to use this anomaly to validate a
paradigm shift that puts fascial borders into the spotlight
of surgery. We consider specimens that lack developmen-
tal steps to be a chance to explore borders and surfaces
that very often vanish owing to fusion and adhesion.
However, these are the borders that we deem essential
for successful surgery. We can thereby prove that the ana-
tomical conditions created in our previous studies with
the Cattell-Braasch maneuver are not caused by bias in
our dissection but that the presented borders and lay-
ers exist in a living person and are in plain sight if not
masked by the normal developmental steps.

Acknowledgements

We thank the staff of the Institute of Anatomy, who are the facilitators of the
presented scientific work. We are also deeply grateful for the sacrifice that
our body donors made and that enables our scientific work after their death.
The publication is supported by the Open Access Publishing Fund of Leipzig
University.

Author contributions

Conceptualization, AA, DJ, IB and HS; investigation, AA and DJ; methodol-
ogy, AA, DJ, IB and HS; project administration, IB and HS; resources, IB and HS;
supervision, IB and HS; visualization, AA, DJ and HS; writing—original draft, AA
and DJ; writing—review and editing, AA, DJ, IB and HS. All authors read and
approved the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. This research
received no external funding.

Data availability
All uncropped images are available from the corresponding author on reason-
able request.

Declarations

Ethics approval and consent to participate

Permission for the educational and scientific use of body donations at the
Institute of Anatomy at the University of Leipzig was granted by the body
donors before death in accordance with the Saxonian Death and Funeral

Act of 1994. The study was conducted in accordance with the Declaration of
Helsinki, and approval by the institutional review board of the University of
Leipzig was granted for anatomical studies on body donations after informed
consent (project identification code 129/21-ek, date of approval 1/3/2022).



Alvanos et al. Journal of Medical Case Reports (2024) 18:548

The signed consent documents can be provided by the corresponding author
on reasonable request.

Consent for publication

Written informed consent was obtained from the patients for publication of
this case report and any accompanying images. A copy of the written consent
is available for review by the Editor-in-Chief of this journal.

Competing interests
The authors declare that they have no competing interests.

Received: 19 July 2024 Accepted: 27 September 2024
Published online: 12 November 2024

References

1. Kluth D, Jaeschke-Melli S, Fiegel H. The embryology of gut rotation.
Semin Pediatr Surg. 2003;12(4):275-9. https://doi.org/10.1053/j.sempe
dsurg.2003.08.009.

2. Kim WK, Kim H, Ahn DH, Kim MH, Park HW. Timetable for intestinal rota-
tion in staged human embryos and fetuses. Birth Defects Res A Clin Mol
Teratol. 2003;67(11):941-5. https://doi.org/10.1002/bdra.10094.

3. O'Rahilly R, Mller F. Developmental stages in human embryos: revised
and new measurements. Cells Tissues Organs. 2010;192(2):73-84. https://
doi.org/10.1159/000289817.

4. Strouse PJ. Disorders of intestinal rotation and fixation (“malrota-
tion”). Pediatr Radiol. 2004;34(11):837-51. https://doi.org/10.1007/
500247-004-1279-4.

5. Adams SD, Stanton MP. Malrotation and intestinal atresias. Early Hum Dev.
2014,90(12):921-5. https://doi.org/10.1016/j.earlhumdev.2014.09.017.

6. Long FR, Kramer SS, Markowitz R, Taylor GE. Radiographic patterns of
intestinal malrotation in children. Radiographics. 1996;16(3):547-56;
discussion 556-560. https://doi.org/10.1148/radiographics.16.3.88976
23

7. McVay MR, Kokoska ER, Jackson RJ, Smith SD. Jack Barney Award. The
changing spectrum of intestinal malrotation: diagnosis and manage-
ment. Am J Surg. 2007;194(6):712-7; discussion 718-719. https://doi.
0rg/10.1016/j.amjsurg.2007.08.035

8. Mehall JR, Chandler JC, Mehall RL, Jackson RJ, Wagner CW, Smith SD.
Management of typical and atypical intestinal malrotation. J Pediatr Surg.
2002;37(8):1169-72. https://doi.org/10.1053/jpsu.2002.34465.

9. Xiong Z, ShenY, Morelli JN, Li Z, Hu X, Hu D. CT facilitates improved diag-
nosis of adult intestinal malrotation: a 7-year retrospective study based
on 332 cases. Insights Imaging. 2021;12(1):58. https://doi.org/10.1186/
513244-021-00999-3.

10. Vasiliadis KD."Mesopancreas-first” radical resection of pancreatic head
cancer following the Cattell-Braasch-Valdoni maneuver: appreciating the
legacy of pioneers in visceral surgery. Ann Hepatobiliary Pancreat Surg.
2021;25(3):376-85. https://doi.org/10.14701/ahbps.2021.25.3.376.

11. Alvanos A, Bechmann |, Steinke H. Presenting embryologically defined
peripancreatic compartments and fusion planes in the search for pancre-
atic cancer fields. Eur J Surg Oncol. 2024;50(6):108272. https://doi.org/10.
1016/].j50.2024.108272.

12. Hammer N, Loffler S, Feja C, Sandrock M, Schmidt W, Bechmann |, Steinke
H. Ethanol-glycerin fixation with thymol conservation: a potential
alternative to formaldehyde and phenol embalming. Anat Sci Educ.
2012;5(4):225-33. https://doi.org/10.1002/ase.1270.

13. Snyder WH, Chaffin L. Embryology and pathology of the intestinal tract:
presentation of 40 cases of malrotation. Ann Surg. 1954;140(3):368-79.
https://doi.org/10.1097/00000658-195409000-00013.

14. Heald RJ, Husband EM, Ryall RD. The mesorectum in rectal cancer sur-
gery—the clue to pelvic recurrence? Br J Surg. 1982;69(10):613-6. https://
doi.org/10.1002/bjs.1800691019.

15. Hockel M, Horn L-C, Hentschel B, Hockel S, Naumann G. Total mesome-
trial resection: high resolution nerve-sparing radical hysterectomy based
on developmentally defined surgical anatomy. Int J Gynecol Cancer.
2003;13(6):791-803. https://doi.org/10.1111/j.1525-1438.2003.13608 x.

Page 6 of 6

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1053/j.sempedsurg.2003.08.009
https://doi.org/10.1053/j.sempedsurg.2003.08.009
https://doi.org/10.1002/bdra.10094
https://doi.org/10.1159/000289817
https://doi.org/10.1159/000289817
https://doi.org/10.1007/s00247-004-1279-4
https://doi.org/10.1007/s00247-004-1279-4
https://doi.org/10.1016/j.earlhumdev.2014.09.017
https://doi.org/10.1148/radiographics.16.3.8897623
https://doi.org/10.1148/radiographics.16.3.8897623
https://doi.org/10.1016/j.amjsurg.2007.08.035
https://doi.org/10.1016/j.amjsurg.2007.08.035
https://doi.org/10.1053/jpsu.2002.34465
https://doi.org/10.1186/s13244-021-00999-3
https://doi.org/10.1186/s13244-021-00999-3
https://doi.org/10.14701/ahbps.2021.25.3.376
https://doi.org/10.1016/j.ejso.2024.108272
https://doi.org/10.1016/j.ejso.2024.108272
https://doi.org/10.1002/ase.1270
https://doi.org/10.1097/00000658-195409000-00013
https://doi.org/10.1002/bjs.1800691019
https://doi.org/10.1002/bjs.1800691019
https://doi.org/10.1111/j.1525-1438.2003.13608.x

	Validating the Cattell-Braasch maneuver with a case of inherent atypical malrotation of the bowel: a case report
	Abstract 
	Background 
	Case presentation 
	Conclusions 

	Background
	Case presentation
	Discussion and conclusions
	Conclusion
	Acknowledgements
	References


