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Intestinal nonrotation has been recognized as a cause of 
obstruction in neonates and children and may be compli- 
cated by volvulus and intestinal necrosis. It is very rarely 
seen in the adult and may present acutely as a bowel 
obstruction and intestinal ischemia associated with mid- 
gut or ileocecal volvulus, or chronically as vague inter- 
mittent abdominal pain. The purpose of this communi- 
cation is to reveal the pathogenesis and the surgical 
significance of intestinal nonrotation in adults and to 
review the English and German language literature since 
1923 to establish the optimal therapeutic management. 
Between 1983 and 1992, we have managed and observed 
prospectively 10 adults with intestinal nonrotation. In 
four patients the nonrotation has been detected at emer- 
gency laparotomy owing to midgut or ileocecal volvulus. 
Four patients suffered from chronic symptoms of inter- 
mittent volvulus or small bowel obstruction and in two 
patients the nonrotation has been noted as an incidental 
finding at laparotomy for another condition. A survey of 
the literature from 1923 to 1992 revealed 40 adults with 
symptomatic intestinal nonrotation to which we contrib- 
ute nine patients. We establish that in the acute sympto- 
matic pattern, only emergency laparotomy can provide 
the correct diagnosis and decrease the risk of bowel 
disturbance. In the chronic situation, barium studies of 
the upper and lower gastrointestinal tract reveal varying 
degrees of midgut malrotation and confirm the nonrota- 
tion in each case. Also, in these forms the explorative 
laparotomy with a consequent staging of the abdominal 
situs is to be recommended. All reported cases at our 
institutions are without complaints after surgery. Adult 
patients with intestinal nonrotation and acute or chronic 
obstructive symptoms or those detected incidentally at 
laparotomy for other conditions should undergo a Ladd 
procedure because of the risk of midgut volvulus. In this 
operation, the nonrotation is left in place and the ascend- 
ing colon is sutured at the colon descendens and sig- 
moideum. After this procedure the mesenteric pedicle is 
fixed and the risk of midgut torsion remains minimal. 
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S Ymptoms of  congeni ta l  anomal ies  of  the intes- 

tinal tract usually presen t  in infancy and child- 

hood.  Kiesewet ter  1 repor ted  a 55 pe rcen t  inci- 
dence  of clinical emergenc ie s  re la ted to intestinal 

malrotat ion in the first w e e k  and an 80 percen t  

incidence in the first mon th  of life. In adults most  

of  the malrotat ions are seen  in asymptomat ic  pa- 

tients and are d iagnosed  only  accidental ly later in 
life. 2 In symptomat ic  adults, malrotat ion may  pres- 

ent acutely as a bowel  obstruct ion and intestinal 

i schemia  associated with midgut  volvulus or chron- 

ically as a cause of chronic  intermit tent  obstruct ion 

with recurrent  attacks or vague abdomina l  com- 

plaints ex tend ing  back into chi ldhood.  The intes- 

tinal nonrota t ion results f rom failure in the early 

second  stage of the embryon ic  deve lopment .  This 

anomaly  has b e e n  seen  in 25 pe rcen t  of  all symp- 
tomatic congeni ta l  lesions of  the a l imentary  tract 3 

and in 10 percen t  of  the anomal ies  of  intestinal 
rotation in adults. 4 

The purpose  of our  communica t ion  is to reveal 

the embryologic ,  i.e., the pathologic  condi t ion of 
this rare entity, and to characterize the surgical 
significance and c o m m o n  clinical features. A re- 

v iew of the per t inent  literature, a long with a pro- 
spective observat ion of 10 adults with intestinal 

nonrotat ion,  forms the basis of  therapeut ic  recom- 
mendat ions .  This is, to our  knowledge ,  the largest 
r epor ted  series with this entity in symptomat ic  

adults. 
Since intestinal malrotat ion is unusual  in adults, 

and because  so many  surgeons  are conce rned  with 

the t rea tment  of  abdomina l  disease,  it is clear that 
in many  instances surgeons  will be  surpr ised by 
the unexpec t ed  discovery of such an anomaly  at 
laparotomy. Therefore ,  p ro found  knowledge  of 
midgut  embryo logy  is necessary  to unders tand  this 
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disorder and the possible complications in adults. 

E M B R Y O L O G Y  AND P A T H O L O G I C  
C O N D I T I O N S  ~, 6 

At about the fourth week of embryonic life (Fig. 
1), the fetal alimentary tract is a straight tube sus- 
pended by a dorsal mesentery to the midline. The 
alimentary tract is divided into foregut, midgut, 
and hindgut according to the blood supply it re- 
ceives. The midgut is supplied by the superior 
mesenteric artery and is forming a loop which 
comes to lie, in part, in the extraembryonic celom 
called the umbilical sac. The cephalad limb, or 
prearterial segment, lies cephalad to the vitelloin- 
testinal duct and forms the duodenojejunal loop of 
the small intestine, while the caudal limb, or post- 
arterial segment, forms the cecocolic loop contain- 
ing ileum, cecum, ascending colon, and two-thirds 
of the transverse colon. The process of rotation 
involves primarily the midgut and it has been di- 
vided into three stages. 

In the first stage of intestinal rotation, the midgut 
loop undergoes a 90 ~ counterclockwise rotation 
about the axis formed by the superior mesenteric 
artery (Fig. 1) from the sagittal to the horizontal 
plane. It occurs at about the eighth week of intra- 
uterine life, when the midgut begins to return to 
the celomic cavity. Failure of development at this 
time results in an omphalocele or umbilical even- 
tration. 

In the second stage at about the end of the tenth 
week, the midgut has returned completely to the 
celomic cavity; when the midgut fails to rotate 
further at this time, nonrotation results, the subject 
of this presentation. In this type of anomaly the 
duodenum descends in a straight line downward 

to the right of the superior mesenteric artery in 
direct continuity with the small bowel, all of which 
is located in the right half of the abdominal cavity 
and no duodenojejunal flexure of Treitz is formed 
(Fig. 2). The terminal ileum enters the cecum by 
crossing the midline from the right. From this point 
the ascending colon passes upward on the left of 
the midline to a point behind the greater curvature 
of the stomach (Fig. 3). Between this point and the 
splenic flexure is a narrow U-shaped loop of trans- 
verse colon. The entire midgut hangs free from a 
narrow pedicle at the origin of the superior mes- 
enteric artery. 

If no failure of development exists, a major ro- 
tational event occurs at the tenth week. A 270 ~ 
counterclockwise rotation of the midgut results in 
the adult position of the duodenum behind the 
superior mesenteric artery with the transverse co- 
lon crossing anteriorly. Abnormalities in this later 
course of Stage two include incomplete or malro- 
tation, reversed rotation, and paraduodenal hernia. 
The third stage of rotation is the stage of fixation 

Figure 2. Appearance of upper GIT in intestinal nonrota- 
tion. 

Figure 1. Embryologic condition with resulting intestinal Figure 3. Appearance of lower GIT in intestinal nonrota- 
nonrotation, tion. 
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of the intestine and fusion of its mesentery. The 
cecum descends to the level of the iliac crest by 
the fifth month of embryonic life. Anomalies in- 
clude subhepatic cecum, retrocecal appendix, and 
mobile cecum and colon ascendens. 

Dis Colon Rectum, February 1994 

SURGICAL SIGNIFICANCE 

Intestinal nonrotation may exist without symp- 
toms (Cases 9 and 10). Its significance occurs when 
diseases of the appendix, cecum, or ascending 
colon present in an unusual position (Case 5). 
Furthermore, if nonrotation develops without sec- 
ondary fixation of the mesenteric root, the entire 
midgut hangs free form a narrow pedicle and such 
a position predisposes to votvulus of the entire 
midgut loop (Case 2) or the right half of the colon 
(Cases 1, 3, and 4). in addition, abnormal perito- 
neal fixation bands, first described by Ladd 7 in 
1932; form between the cecum and the right lateral 
abdominal wall, and fibrous adhesions and flexures 
can cause intermittent obstruction with chronic 
abdominal discomfort (Cases 6-8). One-third of 
the patients revealed associated peptic ulcer dis- 
ease, 4'8 which may be related to partial duo- 
denal outlet obstruction due to congenital bands 
(Case 2). 

M E T H O D S  

Since 1983, a prospective registry and observa- 
tion have been compiled of all adult patients pre- 
senting with acute total obstruction or chronic par- 
tial obstruction of the small bowel attributable to 
intestinal nonrotation. In addition, all cases in 
which nonrotation has been noted as an incidental 
finding at laparotomy for other conditions were 
collected. Clinical histories, operative and pathol- 
ogy reports, and pertinent radiographs were main- 
tained. 

Since 1989 we employed a standardized Ladd 9 
procedure in acute and chronic situations, which 
consists of lysis of duodenal, cecocolic, and small 
bowel adhesions to give the mesentery of the small 
bowel a broad base. The appendix is removed 
because it will not reside in its usual position in 
the right lower quadrant. The cecum and ascending 
colon are placed and sutured along the colon des- 
cendens and sigmoideum (Fig. 4). So the mesen- 
teric root is fixed and further midgut torsions are 
prevented. A complete follow-up was done person- 
ally between 6 months and 10 years. The English 
and German language literature from 1923 to 1992 

Figure 4. Ladd procedure: Division of congenital duodenal 
bands, cecum, and ascending colon placed along the colon 
descendens and sigmoideum. 

was surveyed for all case reports and reviews of 
adult patients (18 years of age or older) with symp- 
tomatic midgut nonrotation. Individual cases were 
only included if symptoms were described and the 
age of onset, diagnosis, operative procedure, and 
outcome were clearly defined. 

RESULTS 

From 1983 to 1992, we have treated eight pa- 
tients with symptomatic intestinal nonrotation and 
two patients with asymptomatic intestinal nonro- 
tation found incidentally at laparotomy to treat 
chronic sigmoid diverticulitis and rectal prolapse. 
There were 5 females and 5 males between 21 and 
72 years of age (Table 1). All patients had intestinal 
nonrotation without a second anomaly. Four males 
were seen with acute midgut (Case 2) and ileoce- 
cal (Cases 1, 3, and 4) volvulus. Initial symptoms 
included acute cramping, abdominal pain, nausea, 
and vomiting accompanied by a sense of fullness 
in the lower abdomen. All four men had so far felt 
perfectly healthy and had suddenly been ill be- 
tween three and eight hours before admission. 

Physical examination demonstrated a tender ab- 
domen in all instances. Plain abdominal radio- 
graphs showed an obstructive intestinal pattern in 
Cases 1, 3, and 4 and a gasless abdomen in Case 2. 
Emergency laparotomy revealed one midgut vol- 
vulus (Case 2) and three ileocecal volvuli (Cases 
1, 3, and 4) with varying degrees of bowel ischemia 
attributable to underlying intestinal nonrotation in 
all four patients. Immediate detorsion was per- 
formed and the bowel recovered in each case. A 
simple fixation of cecum at the right lateral gutter 
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Table 1. 
Summary of Data in 10 Cases of Intestinal Nonrotation 

Pathologic Diagnosis Operation Follow- No. Age Sex Abdominal Investigations Complications Result (yr) Symptoms Performed up 

1 48 M Acute cramping X-ray abdomen Small bowel Nonrotation Detorsion, ceco- Good 6 yr 
pain, nausea Emergency obstruction Ileocecal pexy right ap- 
3-hr duration laparotomy volvulus pendectomy 

2 56 M Acute cramping X-ray abdomen Small bowel Nonrotation Detorsion, Ladd Good 10 yr 
pain, vomiting Emergency obstruction Midgut procedure ap- 
4-hr duration laparotomy volvulus pendectomy 

3 72 M Acute cramping X-ray abdomen Small bowel Nonrotation Detorsion, ceco- Good 4 yr 
pain, vomiting, Emergency obstruction Ileocecal pexy right ap- 
constipation, laparotomy volvulus pendectomy 

4 21 M 

5 59 F 

6 41 F 

3-hr duration 
Acute cramping 

pain, nausea 
8-hr duration 

Chronic epigas- 
tric pain since 
years 

Chronic pain at 
right site posi- 
tion, nausea, 
vomiting since 
4 mo 

X-ray abdomen Small bowel 
Emergency obstruction 

laparotomy 
Upper + lower 

GIT barium 
studies 

Upper + lower 
GIT barium 
studies 

7 50 F Chronic pain, de- Upper + lower 
pendent on GIT barium 
position, ab- studies 
dominal full- 
ness, since 
childhood 

8 46 F Chronic painfol- Upper+lower 
lowed by diar- GIT barium 
rhea since 25 studies 
yr 

9 52 M Chronic spastic SMA-angio 
pain Colonoscopy 

10 63 M Constipation Defecography 

Nonrotation Detorsion, Ladd Good 6 mo 
Ileocecal procedure ap- 

volvulus pendectomy 
Partial small Intestinal non- Right hemi- Good 6 yr 

bowel rotation colectomy 
obstruction 

Duodenal Ladd Intestinal non- Ladd procedure 
bands rotation Appendectomy 

Intermittent 
cecal torsion 

Duodenal Ladd Intestinal non- Ladd procedure 
bands rotation 

Intermittent 
cecal torsion 

Good 4 yr 

Good 2 yr 

No operation Intestinal non- None Sympto- 6 yr 
rotation matic 

Incidental find- Chronic sig- Sigmoidectomy Good 3 yr 
ing of nonro- moid diver- Ladd procedure 
tation ticulitis 

Intestinal non- 
rotation 

Incidental find- Rectal pro- Rectopexy Good 2 yr 
ing of non- lapse Ladd procedure 
rotation Intestinal non- 

rotation 

was performed in two patients (Cases 1 and 3) and 
a Ladd procedure in the other two (Cases 2 and 4). 
All patients experienced an uneventful recovery 
without morbidity and the patients recovered be- 
tween 6 months (Case 4) and 10 years (Case 2). 

Four females (Cases 5-8) were seen with chronic 
symptoms secondary to midgut nonrotation. They 
relate a history of vague abdominal complaints or 
recurrent colicky abdominal pain lasting from 
months (Case 6) to years (Cases 5, 7, and 8). One 
patient had intermittent attacks of central abdomi- 

nal colic unrelated to any precipitating cause since 
childhood (Case 7). Vomiting afforded relief in 
two patients (Cases 5 and 6), diarrhea followed the 
episodes in one patient (Case 8), and the stool was 
occasionally blood stained in two patients (Cases 
5 and 8). In two patients (Cases 6 and 7), the 
attacks occurred depending on the body position. 
Physical signs were absent by the time of exami- 
nation in all patients. Upper and lower gastrointes- 
tinal contrast studies (Figs. 2 and 3) revealed in- 
testinal nonrotation in each case without other 
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pathologic features. In three patients (Cases 6-8), 
the diagnosis of spastic colon had been made, 
before they were treated for intestinal nonrotation. 
Three of five patients with chronic abdominal com- 
plaints were explored electively. In one patient 
(Case 5) a cecal carcinoma Dukes B stage was 
incidentally found and a right hemicolectomy was 
performed. In two patients (Cases 6 and 7), a Ladd 
procedure and appendectomy were performed to 
resolve partial duodenal compression and to pre- 
vent intermittent volvulus. The further course was 
uneventful in each case and the patients recovered 
between two and six years. 

One patient (Case 8) has been treated for recur- 
rent obstructive abdominal attacks conservatively 
during six years. In two patients intestinal nonro- 
tation has been observed incidentally at laparotomy 
to treat chronic sigmoid diverticulitis (Case 9) and 
rectal prolapse (Case 10). Sigmoidectomy and su- 
ture rectopexy was completed by a standardized 
Ladd procedure with appendectomy. 

A survey of the English and German language 
literature from 1923 to 1992, 4, *' 10-18 along with our 
eight cases have yielded 48 patients (18 years of 
age or older) with symptomatic intestinal nonro- 
tation (Fig. 5). Twenty-five of 48 reported cases 
have not been operated on and only 6 of these 
patients remained asymptomatic (24 percent). A 
Ladd procedure resolved the symptoms in all 12 
patients. Wangensteen 19 and Gohl and DeMeester 8 
reported on four patients with a modified tech- 
nique for anatomic correction of intestinal nonro- 
tation, first described by Fitzgerald in the publica- 
tion from Estrada. is All patients remained asymp- 
tomatic after this aggressive approach. Dorsal 
fixation of the ascending colon in three cases, 
fixation of the cecum at the right lateral gutter in 
four cases, and right hemicolectomy in one case 
have resolved the symptoms in all patients. 

Figure 5. Surgical treatment for intestinal nonrotation. Sur- 
vey of 48 patients from the literature, 

VON FLOE E T  AL Dis Colon Rectum, February 1994 

DISCUSSION 

Studies of intestinal malrotation are usually con- 
fined to infancy and childhood. The most compre- 
hensive reports regarding the adult were made by 
Findlay a~ in 1956 and Wang and Welch 4 in 1963. 
They described 74 adults with symptomatic intes- 
tinal malrotations, of which 10 percent revealed 
complete nonrotation with a commune mesentery. 

Kantor 21 reported an incidence of 0.19 percent 
asymptomatic nonrotations in approximately 2,000 
patients studied with barium enemas. An inquiry at 
10 pathology institutions in  our area yielded one 
intestinal malformation in 6,000 autopsies. = In the 
series of Dott 17 and Wang and Welch, 4 40 to 50 
percent of patients with midgut nonrotation were 
symptomatic, causing surgery. In our series intes- 
tinal nonrotation was the most frequent malfor- 
mation with clinical significance in adults seen 
during the last 10 years. Still 8 of 10 observed 
patients were symptomatic. Intestinal nonrotation 
in adults may be discovered at laparotomy for acute 
small bowel obstruction or may present as inter- 
mittent intestinal obstruction for years, sometimes 
going back to childhood. In addition, it may be 
discovered accidentally at laparotomy for other 
conditions. In our adult patients, nonrotation oc- 
curred as an isolated entity, whereas newborns 
reveal about 70 percent other congenital anoma- 
lies. z3-25 However, when malrotation in children is 
associated with volvulus, the anomaly is usually the 
patient's only significant surgical p roblem)  6 This 
may explain the isolated anomaly in all our patients 
with midgut nonrotation and some form of volvu- 
lus. The four cases recorded here with acute ab- 
dominal complaints attributable to nonrotation 
have many features in common. The patients were 
all apparently healthy adults who had the first attack 
of unrelenting abdominal colic without resolution. 
This is in contrast to the classic clinicad appearance 
described in the literature in which most patients 
had repeated episodes of abdominal colic associ- 
ated with vomiting and blood-stained stools. 8' 12.14 

The plain x-ray film of the abdomen revealed some 
form of small bowel obstruction in all our cases, 
but it did not show the colonic air lying entirely in 
the left side of the abdomen as reported by Stue- 
land. 12 Presentation of intestinal nonrotation in the 
acute phase is life-threatening; if immediate lapa- 
rotomy is not done, intestinal infarction may occur. 
If abdominal roentgenograms do not demonstrate 
the anatomy of the colon, Cathcart e t  al. 15 proposed 
to obtain contrast studies. But, in our experience, 
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this investigation brings more time delay than use- 
ful information. Immediate laparotomy, conducted 
systematically, is the safest way of making a correct 
diagnosis of this disorder. In accordance with Wang 
and Welch 4 and Smith, 27 we have found it most 
helpful first to exteriorate the entire midgut, to 
examine and reduce the volvulus, and then to 
identify the type of malrotation. We advise starting 
the examination at the cecum or the terminal 
ileum, and then proceed orally toward the duode- 
nojejunal junction and aborally to the rectosigmoid 
colon. A seemingly normal position of the cecum 
in the right middle or lower quadrant and an ap- 
parent leftward course of the duodenum are no 
proof of a normal rotation, nor do they rule out 
malrotation. A rotational abnormality must be sug- 
gested if 1) abnormal peritoneal bands develop 
from the ileum or right colon to the parietal peri- 
toneum or to the duodenum; 2) the duodenum 
and/or upper jejunum is fixed to the cecum or right 
colon; 3) the entire duodenum, particularly the 
third and fourth portion, is visualized at the base 
of the mesentery of the transverse colon; and 4) if 
the cecum or the duodenum has an abnormal po- 
sition or mobility along the right gutter. The posi- 
tion of the transverse colon in relation to the su- 
perior mesenteric artery and the absence of the 
ligament of Treitz must be noted too. Reduction of 
the volvulus is usually carried out in a counter- 
clockwise motion. If the intestine appears to be 
viable, simple enterolysis and a Ladd procedure 
suffice as a minimally invasive procedure. Shultz 
e t  aL  2~ reported recurrent midgut volvuli in 7 per- 
cent of 45 children after a conventional Ladd pro- 
cedure. This result is not confirmed in the 12 adult 
patients who recovered after this technique 
(Fig. 5). 

All our patients with chronic symptoms second- 
ary to midgut nonrotation relate a history of recur- 
rent abdominal pain lasting from months to years. 
Sometimes vomiting afforded relief or diarrhea 
followed the episodes of pain. Most authors < 13, 15, 29 

believe that these patients are apt to have intermit- 
tent strangulation or partial obstruction due to con- 
genital bands or adhesions. All our patients had 
experienced these symptoms for long periods of 
time without any clear diagnosis being made. 
Three patients were misdiagnosed for a long time 
and are considered to have psychiatric problems 
or spastic colon syndrome. 

In chronic situations, GIT x-ray studies are help- 
ful in identifying intestinal nonrotation. The bar- 

ium enema may demonstrate the entire colon and 
the ileocecal valve lying to the left of the midline 
(Fig. 2). Barium meal may reveal duodenal ob- 
struction, a rare complication in the adult popula- 
tion. The duodenojejunal junction should be iden- 
tified and lies to the right of the vertebral bodies 
(Fig. 3). Angiography can demonstrate the abnor- 
mal anatomy of the superior mesenteric artery 
(SMA) and define the vascular patency. But the 
typically corkscrewed course, i .e. ,  the "barber pole 
sign" of the SMA 1~ has been described only at 
the moment of midgut volvulus. Even computed 
tomography can reveal a whirl-like pattern Of bowel 
loops encircling the SMA and a dislocation of the 
superior mesenteric vein lying to the left of the 
SMA. 1~ Ultrasonography has been used to 

identify duodenal obstruction with midgut volvulus 
in infants, but we could not find any report of its 
use in adults. 3~ In accordance with other au- 
thors,8, 15,16 it is reasonable to recommend that an 

operation should be advised for patients with 
chronic symptoms to avoid the potential hazard of 
midgut strangulation. 

The surgical treatment recommended for intes- 
tinal nonrotation varies in the literature (Fig. 5). 
Twenty-four patients have been described without 
any "Pex" procedure. < 8 However, the risk of mid- 
gut volvulus was still high (24 percent). The classic 
surgical treatment for intestinal nonrotation in chil- 
dren is the Ladd 9 procedure. Only 12 of 48 adult 
patients have been treated in this manner. All pa- 
tients became symptom free thereafter. Several Pex 
variations were developed in an attempt to secure 
the small bowel mesentery. Three patients with 
fixation of ascending colon at the posterior parieta 1 
peritoneum and four patients with fixation of 
cecum at the right lateral gutter revealed an un- 
eventful course. Isolated reports of adults with 
intestinal nonrotation treated by an anatomic cor- 
rection have been found, ls-2~ The only good de- 
scription of total correction is the technique of 
Fitzgerald described in Estrada's is article. He cre- 
ated a retroperitoneal bed in the right paravertebral 
gutter into which he placed the ascending colon 
to be secured laterally. The small bowel was pulled 
under the base of the colonic mesentery and the 
small bowel mesentery was secured medially, thus 
forming a new ligament of Treitz beneath the trans- 
verse mesocolon. Four adult patients were oper- 
ated on in this manner without recurrent volvulus. 

According to our experience we recommend the 
Ladd 9 procedure. It is a simple, minimally aggres- 
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sire technique and prevents further midgut volvu- 
lus or crack of bowel due to a persisting nonrota- 
tion and to a fixed mesenteric pedicle. We would 
also recommend a Ladd procedure in patients with 
intestinal nonrotation noted as an incidental find- 
ing at laparotomy for other conditions (Case 9) or 
detected during a diagnostic workup for a seem- 
ingly unrelated problem, because it is impossible 
to predict the risk of midgut volvulus based on age 
or symptoms. 23 
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