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Introduction
Intestinal malrotation occurs when there is arrest or disruption 
of the normal rotation of the embryonic gut during the fourth to 
twelfth week of embryonic development. Normally, the midgut 
undergoes a 270° counterclockwise rotation around the superior 
mesenteric artery, leading to retroperitoneal fixation of the 
duodenum at the ligament of Treitz and fixation of the cecum 
by peritoneal bands to the lateral abdominal wall. This leads to 
elongation and fixation of the takeoff of the superior mesenteric 
artery branches along an axis extending from the ligament of 
Treitz in the left upper quadrant to the ileocecal valve in the right 
lower quadrant [1]. Disruption or arrest of this rotation leads 
to the cecum remaining in the epigastrium. The fibrous bands 
that fix the duodenum and cecum continue to form, resulting 
in Ladd’s bands that extend from the cecum and cross over the 
duodenum to the lateral abdominal wall. Because the takeoff of 
the branches of the superior mesenteric artery remain confined 
to the epigastrium, the resulting narrow mesenteric base leads 
to an increased lifetime risk of bowel obstruction, volvulus, or 
strangulation.

The most feared complication of intestinal malrotation is 
midgut volvulus with ischemia and eventual necrosis due to 
the narrow-based mesentery that is associated with malrotation. 
First described in 1941, the traditional surgical repair for 
malrotation is division and lysis of Ladd’s bands, straightening 
of the duodenum with positioning of the small bowel in the right 
hemiabdomen, widening of the mesenteric base, and removal of 
the newly-positioned appendix to avoid future failure or delay 
in diagnosis of acute appendicitis [2-4]. This Ladd procedure is 
designed to minimize the future risk of volvulus and vascular 
compromise. In the circumstance that acute volvulus has 
occurred, the Ladd procedure is performed during a laparotomy 
to reduce the distended and edematous torsed bowel. In the 
absence of volvulus, the Ladd procedure can be safely performed 

laparoscopically to correct malrotation with the advantage 
of smaller incisions, less postoperative pain, and decreased 
likelihood of complications from adhesion formation [5-8]. 
Nevertheless, adult patients who are found to have intestinal 
malrotation without volvulus are commonly treated with an 
open technique due to its infrequency in adults. To encourage 
familiarity with the condition, clinical presentation, and most 
importantly treatment, we will describe the surgical technique 
using step-by-step descriptions and representative real-time 
intraoperative images of the laparoscopic Ladd procedure in the 
adult patient without volvulus. 

Methods
Video of a laparoscopic Ladd procedure in an adult patient 
was reviewed and examined. Intraoperatively, the laparoscopic 
equipment was set to record in high-definition during all key 
portions of the procedure. Following the procedure, screenshots 
were captured and saved at critical points to demonstrate the 
vital steps of the surgical technique. 

Technique
The patient is placed in a supine position on the operating 
table with a pillow placed beneath the legs to cause mild 
flexion of the hips and knees. This helps to relax the 
abdominal musculature. General anesthesia is induced with 
an endotracheal tube and paralytics are used for relaxation of 
the abdominal wall. An orogastric tube is passed for gastric 
decompression and bladder decompression is achieved by 
placing a Foley catheter. The skin is prepared in routine 
manner for sterilization. 

Entry into the abdomen is per surgeon preference. Our 
preferred approach is a blind technique with a Veress needle 
at Palmer’s point. After confirmation of placement into 
the peritoneum and proper pneumoperitoneum with CO2 
insufflation are established, a 5-mm optical trocar with a zero-
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degree scope is placed into the left periumbilical region. Port 
placement can vary significantly due to surgeon preference. 
We prefer a slightly lower placement in the abdomen due to 
the work needed on the root of the small bowel mesentery. 
Therefore, an additional 12-mm working port is placed in the 
right periumbilical region, as well as a 5-mm right subcostal 
port (Figure 1). At least a hand’s breadth width is maintained 
between ports with the greatest distance between the two 
operating ports to avoid instrument crowding. 

After thorough exploration of the abdominal cavity has been 
accomplished with a 5-mm 30-degree scope and intestinal 
malrotation has been confirmed, the patient is placed in 
the reverse Trendelenburg position to aid visualization 
by lowering the small bowel away from the duodenum 
and liver to accentuate Ladd’s bands. Liver retraction is 
generally not necessary for this dissection. Division and 
takedown of Ladd’s bands is then performed typically with 
ultrasonic energy, electrocautery, tissue sealing devices, or 
sharp dissection to mobilize the cecum and ascending colon 
(Figure 2). Medial traction of the cecum and ascending colon 
using non-traumatic graspers will reveal the duodenum and 
expose the Superior Mesenteric Artery (SMA), which is 
located between the duodenum and the ascending colon 
(Figure 3); this is the most tedious dissection of the operation 
due to the depth of the tissue towards the retroperitoneum 
in combination with the port angles. Because the hepatic 
flexure is congenitally absent from the right upper quadrant 
leading to the duodenum as an almost exclusively intra-
peritoneal organ, this method is still generally more facile 
than a laparoscopic Kocher maneuver. To widen the base of 
the mesentery for prevention of future midgut volvulus, any 
adhesions between the mesentery and small bowel are lysed 
(Figure 4). After full mobilization of the cecum, a stapled 

appendectomy is performed near the base of the appendix 
where it inserts into the cecum (Figure 5); to ascertain a 
complete appendectomy, the different lengths of the staple 
lines on either side of the stapler are visualized with a short 
staple line on the specimen and a longer staple line on the 
cecum. The mesoappendix is then taken with an additional 
vascular load of the stapling device, although sutures/ties, 
tissue sealing devices, or clips are appropriate as well. The 
specimen is exteriorized in a collection bag. The duodenum 
is then straightened so that is oriented down toward the 
right lower quadrant and the colon is positioned in the left 
hemiabdomen. 

Figure 1. Laparoscopic port placement includes three 5-mm ports 
placed in the left periumbilical region, Palmer’s point, and right 
subcostal region; an additional 12-mm working port is placed in the 
right periumbilical region.  

Figure 2. Using ultrasonic energy, Ladd’s bands are lysed off the 
duodenum in order to prevent duodenal obstruction and to free the 
right colon and cecum.

Figure 3. The SMA and the mesenteric root lie between the duodenum 
and the right colon. Medial traction of the right colon reveals the 
narrow mesenteric root.
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Results and Discussion
The true incidence of intestinal malrotation remains unknown as 
rotational abnormalities can indefinitely remain asymptomatic. 
When symptomatic, the majority present within the first year 
of life. Although rare, some may present in adulthood where 
diagnosis is often delayed and thus associated with increased 
morbidity [9]. Approximately 80% of those with malrotation 
will present in the neonatal period with the classic presentation 
of bilious emesis [10]. Other common symptoms include 
abdominal distention, bloating, malabsorption, chronic 
diarrhea, constipation, volvulus, and gastrointestinal bleedings. 
Malrotation in adulthood can often present with a variety of 
chronic symptoms such as postprandial abdominal pain and 

intermittent vomiting [11,12]. Diagnosis in children is most 
commonly made with upper gastrointestinal series with oral 
contrast once perforation has been ruled out with radiography 
[13]. On the other hand, in adults abdominal computed 
tomography is more often used as patients often present with 
the chief complaint of abdominal pain. 

Most controversy regarding malrotation surrounds the 
surgical correction of asymptomatic or incidentally discovered 
malrotation. As the term intestinal malrotation refers to a spectrum 
of rotational anomalies rather than one single congenital anomaly, 
a wide variety of clinical presentations and complications exist. 
These manifestations range from isolated duodenal malrotation 
to complete non-rotation to even reversed rotation [14]. Although 
there is general consensus for patients with chronic presentation 
to undergo an elective Ladd procedure and for those with acute 
presentation of volvulus to require emergent laparotomy, there is 
much debate surrounding the asymptomatic patient. Proponents 
of surgical intervention argue incidental discovery of malrotation 
warrants surgical repair as there currently exists no reliable 
diagnostic modality to accurately predict which asymptomatic 
patient will later develop clinical manifestations or sequelae. As 
the complications of midgut volvulus can be catastrophic and 
potentially fatal, some argue this risk alone is enough indication 
for operative intervention [15-18]. On the contrary, others have 
argued that malrotation found incidentally poses no harm [19] or 
that surgery should be reserved only for those with abdominal 
complaints related to malrotation [20,21]. They argue many of 
these patients will remain asymptomatic for the entirety of their 
lives and that the Ladd procedure carries with it risks of any 
other abdominal surgery.

Conclusion
Previous studies examining malrotation in the adult population 
have demonstrated the advantages of undergoing the Ladd 
procedure using a minimally invasive technique. Those who 
underwent laparoscopic repair experienced shorter hospital stays, 
comparable complication rates, similar symptom resolution, 
and decreased narcotic requirements on postoperative day 
one [22,23]. Despite these findings, the open Ladd procedure 
remains the gold standard for treatment of malrotation in many 
centers. With numerous reports in the literature supporting the 
safety, utility, and efficacy of the laparoscopic Ladd procedure, 
we encourage its use in the adult patient. Ultimately, discussion 
between the surgeon and patient will determine management of 
intestinal malrotation. Consideration must be taken of the risks 
and benefits of not only operative and nonoperative approaches, 
but also of the different types of operative treatment. With the 
expected advantages of laparoscopy including smaller incisions 
and decreased postoperative pain, this is an excellent approach 
for the correction of rotational anomalies without the morbidity 
of laparotomy. 
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Figure 4. Lysis of adhesions between the mesentery and small bowel 
help widen the mesenteric base to minimize risk of volvulus.

Figure 5. The appendix is prophylactically removed in order to prevent 
future delay or failure in diagnosis of appendicitis due to its aberrant 
location.



94

Citation: Wang C, Rogers T, Su K, et al. Laparoscopic Ladd’s procedure for intestinal malrotation in the adult patient without volvulus: Surgical 
technique. J Gastroenterol Dig Dis. 2017;2(2):64-67.

J Gastroenterol Dig Dis 2017 Volume 2 Issue 2

References
1. Hackam D, Grikscheit T, Wang K, et al. Pediatric Surgery.

In: Brunicardi F, Andersen DK, Billiar TR (eds). Schwartz's 
Principles of Surgery, (10th ed). New York, NY: McGraw-
Hill, USA. 2015.

2. Ladd W. Congenital obstruction of the duodenum in
children. N Engl J Med. 1932;206:277-83.

3. Ladd W. Surgical diseases of the alimentary tract in infants.
N Engl J Med. 1936;215:705-08.

4. Ladd W, Gross R. Abdominal surgery of infancy and
childhood. WB Saunders. 1941; 53-70

5. Draus J, Foley D, Bond S. Laparoscopic Ladd procedure: A
minimally invasive approach to malrotation without midgut
volvulus. Am Surg. 2007;73:693-6.

6. Mazziotti M, Strasberg S, Langer J. Intestinal rotation
abnormalities without volvulus: The role of laparoscopy. J
Am Coll Surg. 1997;185(2):172.

7. Ooms N, Matthyssens L, Draaisma J, et al. Laparoscopic
treatment of intestinal malrotation in children. Eur J Pediatr
Surg. 2016;26(4):376.

8. Lessin M, Luks F. Laparoscopic appendectomy and
duodenocolonic dissociation (LADD) procedure for
malrotation. Pediatr Surg Int. 1998;13:184.

9. Durkin E, Lund D, Shaaban A, et al. Age-related differences 
in diagnosis and morbidity of intestinal malrotation. J Am
Coll Surg. 2008;206(4):658-63.

10. Strouse PJ. Disorders of intestinal rotation and fixation
(“malrotation”). Pediatr Radiol. 2004; 34(11):837-51.

11. Nehra D, Goldstein A. Intestinal malrotation: Varied
clinical presentation from infancy through adulthood.
Surgery. 2011;149(3):386.

12. Yanez R, Spitz L. Intestinal malrotation presenting outside
the neonatal period. Arch Dis Child. 1986;61(7):682.

13. Graziano K, Islam S, Dasgupta R, et al. Asymptomatic
malrotation: Diagnosis and surgical management: An
American Pediatric Surgical Association outcomes and
evidence based practice committee systematic review. J
Pediatr Surg. 2015;50(10):1783-90.

14. Kapfer S, Rappold J. Intestinal malrotation not just
the pediatric surgeon’s problem. J Am Coll Surg.
2004;199:628-35.

15. Prasil P, Flageole H, Shaw K, et al. Should malrotation in
children be treated differently according to age? J Pediatr
Surg. 2000;35:756-58.

16. Seashore J, Touloukian R. Midgut volvulus: an ever present
threat. Arch Pediatr Adolesc Med. 1994;148:43-46.

17. Rescorla F, Shedd F, Grosfeld J, et al. Anomalies of
intestinal rotation in childhood: Analysis of 447 cases.
Surgery. 1990;108:710-16.

18. Cathcart R, Williamson B, Gregorie H, et al. Surgical
treatment of midgut nonrotation in the adult patient. Surg
Gynecol Obstet. 1981;152:207-10.

19. Filston H, Kirks D. Malrotation the ubiquitous anomaly. J
Pediatr Surg. 1981;16:614-20.

20. Gilbert H, Armstrong C, Thompson M. The presentation of
malrotation of the intestine in adults. Ann R Coll Surg Engl.
1990;108:710-15.

21. Gohl M, DeMeester T. Midgut nonrotation in adults. An
aggressive approach. Am J Surg. 1975;129:319-23.

22. Frasier L, Leverson G, Gosain A, et al. Laparoscopic versus
open Ladd’s procedure for intestinal malrotation in adults.
Surg Endosc. 2015;29(6):1598-604.

23. Matzke G, Dozois E, Larson D, et al. Surgical management
of intestinal malrotation in adults: Comparative results
for open and laparoscopic Ladd procedures. Surg Endosc.
2005;19(10):1416.

*Correspondence to:
Eugene P. Ceppa MD, FACS
Department of Surgery
Indiana University School of Medicine
545 Barnhill Drive, Emerson Hall 541
Indianapolis, IN-46202
Indiana 
Tel: (317) 944-5013
Fax: (317) 978-1031
E-mail: eceppa@iupui.edu


