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Background: Anatomic dimensions of jejunum and ileum have been known to vary among individuals; however, their role in the
development of primary small bowel volvulus was barely studied. The main objective of this study was to assess the role of small
bowel anatomic dimensions in the development of primary small bowel volvulus.

Methods and Materials: A prospective case-control study to compare small bowel anatomic dimensions between patients with
intraoperatively confirmed primary small bowel volvulus (cases) and control groups was conducted from December 2019 to December
2020 at Tibebe Ghion Specialized Hospital (TGSH) and Felege Hiwot Comprehensive Specialized Hospital (FHCSH), two referral
hospitals in Bahir Dar city, NorthWestern Ethiopia. Jejunoileal length, mesenteric length, mesenteric root, and the ratio of small bowel
mesenteric length to small bowel mesenteric root were compared between cases and controls using unpaired Student’s #-test, Welch’s
t-test, or Mann—Whitney U-test at p-value <0.05 (two-sided).

Results: A total of 78 participants (39 cases and 39 controls) were included and analyzed in the study. Twenty-nine (74.4%) cases and
18 (46.2%) controls were males. The mean ages in years for cases and controls were 40.2 (SD=14.1) and 46.6 (SD=15.0), respectively.
The study showed that patients with primary small bowel volvulus had statistically significantly longer small bowel length and small
bowel mesenteric length than controls, but small bowel mesenteric root was found not to be statistically significantly different between
cases and controls. The Mann—Whitney U-test for the comparison of the ratio of small bowel mesenteric length to small bowel
mesenteric root showed that the mean rank was statistically significantly higher in cases than in the controls.

Conclusion: A longer small bowel with longer mesentery and higher small bowel mesenteric length to small bowel mesenteric root
ratio is highly likely to predispose individuals to primary small bowel volvulus.
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Background

Primary small bowel volvulus is twisting of part or whole of the jejunoileal segment on its mesentery in a normal
peritoneal cavity in the absence of anatomic abnormalities or with no clearly known predisposing factors.' > Small bowel
volvulus is a rare finding in western countries like the United States with an incidence of 1%:* however, it is a common
surgical emergency in parts of Africa, Asia, and the Middle East.'>"'® Though a population-based data is lacking,
primary small bowel volvulus is common in Ethiopia, a country found in the volvulus belt.* '" A study in North-Central
Ethiopia found that primary small bowel volvulus was a cause for more than half of small bowel obstructions and one
third of bowel obstructions.® Even though there are no generally accepted explanations offered, research outputs
postulated that several different predisposing factors might act combined to result in primary small bowel
volvulus.>®%"~1* Wide variations in small bowel length among individuals were observed in different studies;'>°
however, their role in primary small bowel volvulus was barely studied. Longer mesenteric length and short mesenteric
root were hypothesized and reported to allow abnormal mobility of the entire or a segment of small bowel.'%'%-2
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To the best knowledge of the authors, these conclusions came from case reports and few patients with primary small
bowel volvulus creating an easily seen and felt paucity of information on the role of small bowel anatomic dimensions in
the development of primary small bowel volvulus.

The main objective of this case-control study on live cases was to assess the role of jejunoileal length, small bowel
mesenteric length, mesenteric root, and small bowel mesenteric length to small bowel mesenteric root ratio in the
development of primary small bowel volvulus.

It provides evidence that refine a scarcely addressed prior hypothesis regarding the anatomic basis of primary small
bowel volvulus and contributes to the body of knowledge about primary small bowel volvulus in clinical anatomy,
surgery, and gastroenterology. It also serves as a good founding and ingredient for future multicenter and multi-ethnic
research.

Methods and Materials

Study Design, Area, and Period

A prospective case-control study was conducted from December 2019 to December 2020 at TGSH and FHCSH, two
specialized referral hospitals with high volume of patient flow, located in Bahir Dar city, North-Western Ethiopia, with
the former under Bahir Dar University (BDU), College of medicine and health sciences (CMHS) administration.

Sample Size Calculation

A total sample size of 78 (39 cases and 39 controls) was calculated with a priori power analysis using G*power software
version 3.1.9.2 for a t-test to compare two means between two independent groups with a = 0.05, 1- B = 0.80, and
Cohen’s d =0 0.65 (a relatively moderate effect).

Inclusion and Exclusion Criteria

Cases included consenting adults (>18 years-of-age) for whom laparotomy was done and found to have a viable primary
small bowel volvulus. Controls included consenting adults (>18 years-of-age) for whom laparotomy was done for various
reasons. Those with previous abdominal surgery, intraoperative hemodynamic instability, intraperitoneal sepsis, adhe-
sions, gangrenous bowel, jejunal, ileal, cecal, and ascending colon pathologies, and those in whom reaching the small
bowel was not possible for technical reasons were excluded from the study.

Data Quality Assurance and Data Collectors

Three senior residents in general surgery participated as data collectors. A one-day training was given to data collectors
on the purpose of the study and the procedures to be followed during data collection by the principal investigators who
also supervised the whole process; and a pre-developed data recording format was used.

Data Collection Procedures and Measurements

Three small bowel (jejunum and ileum) anatomic dimensions were taken (Figure 1): jejunoileal length (JIL) from
duodenojejunal junction to the ileocecal junction along the antimesenteric border; small bowel mesenteric length
(SBML)—the longest dimension of small bowel mesentery from the mesenteric border perpendicular to the root of
the small bowel mesentery; and small bowel mesenteric root (SBMR) from the ligament of Treitz to the ileocecal
junction. These were measured in centimeters using non-stretchable sterile measuring tape for consecutive cases and
controls who fulfilled the inclusion criteria. SBML to SBMR ratio was calculated. These measurements and the age (in
years), sex, height in centimeters (CMS), weight in kilograms (kg), body mass index (BMI, in kg/m?), medical
registration numbers and other demographic data of patients were recorded to a pre-developed data collection format.

Statistical Analysis
The collected data were checked for completeness and entered in to SPSS version 21 for analysis. Checking outliers,
normality of distributions, and homogeneity of variances of continuous variables was analyzed using boxplots, Shapiro—
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Figure | Small bowel anatomic dimensions. Jejunoileal length (double arrows); small bowel mesenteric length (single arrow); small bowel mesenteric root (thick line). It is
a photograph of hand-sketched image processed using Microsoft paint and Adobe Photoshop CS3.

Wilk test, and Levene’s test, respectively. The measurements of the small bowel anatomic dimensions were compared
between cases and controls using unpaired Student’s #-test, Welch’s #-test, or Mann—Whitney U-test at p-value <0.05
(two-sided).

Results

Sociodemographic Data of Participants

A total of 78 participants, 39 of them with intraoperatively confirmed viable primary small bowel volvulus (cases) and
the remaining 39 ones for whom abdominal surgery under general anesthesia was done for various reasons (controls)
were included and analyzed in the study. Twenty-nine (74.4%) cases and 18 (46.2%) controls were males. Twenty-seven
(69.2%) cases and 16 (41.0%) controls were from rural areas. The mean ages in years for the cases and controls were
40.2 (SD=14.1) and 46.6 (SD=15.0), respectively. The average BMI in kg/m? for the cases and controls was 22.14
(SD=1.93) and 21.27 (SD = 2.48), respectively. No statistically significant difference was found in BMI and age between
cases and controls (¢ (76)=1.736, p=0.087), and (Mann—Whitney U=568.5, p=0.055), respectively (Table 1).

Assumptions Test Results

As assessed by boxplots, there were no outliers in JIL, SBML, SBMR, and SBML to SBMR ratio for both cases and
controls. Normality assessment using Shapiro—Wilk test showed that distributions of all small bowel anatomic dimen-
sions were normal except SBML to SBMR ratio in controls which was found to be right skewed and for which the
Mann—Whitney U-test was used to compare mean ranks. Levene’s test for homogeneity of variances showed that the
assumption was met for SBML and SBML to SBMR ratio, but unmet for JIL and SBMR for which an unequal variance
t-test was used for comparison of means (Table 2).

Measurements of Anatomic Dimensions
The study showed that cases have statistically significantly longer JIL (442.774+36.36) and SBML (23.05+3.37) than
controls (418.69+22.35 and 19.47+2.78), ¢ (63.133)=3.523, p=0.001, and # (76)=5.116, p<0.001, respectively. SBMR was
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Table | Age, Weight, Height and BMI of Participants, North-Western Ethiopia

Group Variables Mean 95%Cl for the Mean Median SD Minimum Maximum
Lower Upper

Cases Age (years) | 40.18 35.62 44.74 35.00 14.06 19.00 72.00
Weight (kg) | 61.56 59.92 63.20 61.00 5.07 50.50 70.00
Height (cm) | 167.82 166.68 168.97 168.00 3.53 160.00 176.00
BMI (kg/m?) | 22.14 21.51 22.77 22.44 1.93 17.72 27.01

Controls Age (years) | 46.56 41.70 51.43 49.00 15.00 20.00 71.00
Weight (kg) | 61.51 59.74 63.29 60.00 5.48 50.00 74.00
Height (cm) | 169.16 167.97 170.35 170.00 3.66 161.00 176.00
BMI (kg/m?) | 21.27 20.46 22.07 21.31 248 15.36 26.23

Table 2 Results of Levene’s Test for Equality of Variances and Shapiro—Wilk Test for Normality of Distributions, North-Western

Ethiopia
Variables Group Number Levene’s Test for Equality of Variances | Shapiro-Wilk Test for Normality of Distribution
F p-value Statistic df p-value

JIL Cases 39 7614 0.007 0.973 39 0.464
Controls 39 0.976 39 0.559

SBML Cases 39 0.974 0.327 0.986 39 0.902
Controls 39 0.976 39 0.552

SBMR Cases 39 4.852 0.031 0.949 39 0.077
Controls 39 0.962 39 0.211

SBML/SBMR | Cases 39 0.252 0.617 0.962 39 0.213
Controls 39 0.899 39 0.002

found not to be statistically significantly different between cases (16.17£1.78) and controls (15.27+£2.29), ¢ (71.636)
=1.934, p=0.057. The Mann—Whitney U-test for the comparison of SBML to SBMR ratio showed that the mean rank was
statistically significantly higher in the cases than the controls (U=493.50, p=0.008) (Table 3).

Discussion

Several factors contributing to the development of primary small bowel volvulus have been studied and reported. In
areas where volvulus is common, primary small bowel volvulus affects predominantly relatively younger adult males
and farmers.""®®!'"?! An interplay of hypermobility, hypermotility and high fiber bulky food following a period of
fasting is thought to lead to small bowel twist. A bulky meal of high residue initiates small bowel volvulus. When
this meal is taken on an empty bowel after a considerable period of no intake, the initial filled and consequently
distended segments of jejunum descend down to the pelvis pushing the more distal empty ones up and to the left.
Further distal movement of the meal, makes the loops heavier and get them down to the lower peritoneal cavity with
the contribution of other factors like hypermotility causing rotation." Duke and Yar noticed that its occurrence was
higher among Afghans during Ramadan.’® Consumption of large amount of local “Kongo beer” rich in serotonin
which is a potent stimulant to bowel motility was also found to predispose to small bowel volvulus."* A study in
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Table 3 Measurements of Small Bowel Anatomic Dimensions (in Centimeters), North-Western Ethiopia

JIL SBML SBMR SBML/SBMR
Cases | Controls | Cases | Controls | Cases | Controls | Cases | Controls
Mean 442.77 | 418.69 23.05 19.47 16.17 15.27 |.44 1.30
95%Cl for the mean Lower 430.98 | 411.45 21.96 18.57 15.59 14.53 1.36 1.22
Upper 454.56 | 425.94 24.14 | 2037 16.74 16.01 1.51 1.38
SD 3636 | 22.35 3.37 2.78 1.78 2.29 0.24 0.24
Mean difference 24.08 3.58 0.77 0.14
95%Cl for the mean Lower 10.42 2.18 —0.18 0.03
difference Upper 37.73 4.97 1.72 0.24
Median 441.00 417.00 23.00 19.00 16.00 14.50 1.41 1.22
Minimum 366.00 | 379.00 16.50 14.00 13.00 11.00 1.03 1.03
Maximum 502.00 | 475.00 31.00 | 25.50 19.00 | 20.00 1.93 1.92
t-test t-value 3.523 5.116 1.934 -
df 63.133 76 71.636 -
p-value 0.001 < 0.001 0.057 -
Mann—-Whitney U-test Mean ranks - - - - - - 46.28 | 32.72
V) - - - 496.00
p-value - - - 0.008

North-Western Ethiopia showed that primary small bowel volvulus admissions were higher in the seasons of winter
and spring associated with the different seasonal activities of farmers.!' Other important risk factors are anatomic
factors; however, their role in the development of primary small bowel volvulus has been scarcely addressed. To the
best knowledge of the authors, there were few studies that tried to explore the role of anatomic dimensions in the
development of primary small bowel volvulus each based on only six live cases and autopsies and/or estimates from
standard anatomy text book as controls.'! Vaez-Zadeh et al theorized that long mesentery with narrow root could be
a contributing factor to the mechanisms leading to the abnormal bowel twist."

The current study on live cases and controls showed that participants with primary small bowel volvulus had
statistically significantly longer jejunoileal length than controls. Contrary to this, in previous studies, jejunoileal length
was found to be shorter in the cases with primary small bowel volvulus.'*' However, these studies unlike the current one
did not control the effect of postmortem changes on small bowel length'® which might be an important contributing
factor to get longer small bowel length in the controls (autopsies). In consistent with this study, Koenig noticed that
primary small bowel volvulus commonly occurs in nations known for longer small bowel length than those known for
a relatively shorter one.*?

In this study, small bowel mesenteric length was found to be statistically significantly longer in cases with primary
small bowel volvulus than controls which is consistent with the findings and reports in previous studies.'*'%-*

Although Vaez-Zadeh et al reported that small bowel mesenteric base was shorter in primary small bowel volvulus
cases than in autopsies (controls), the current study showed that there was no statistically significant difference in small
bowel mesenteric root between live cases and controls. This might be due to the fact that the sample size for the cases
was too small (only six) and the controls were autopsies.’
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Saidi reported that though a longer small bowel mesenteric breadth and a narrower mesenteric root were found in
cases, the differences were not much to worry about.?!

The other important small bowel anatomic dimension that was not reported in previous studies but addressed in this
study was the ratio of small bowel mesenteric length to small bowel mesenteric root. It was found that the ratio was
statistically significantly higher in patients with primary small bowel volvulus than in controls.

The authors of this study believe that it has some limitations. One is that the effect of acute small bowel volvulus
(obstruction) on small bowel morphologic dimensions of cases was not controlled. Bowel when distended became
elongated and the antimesenteric border of the bowel increased its length by 30%, whereas the mesenteric border
increased by 10%.?* The study also lacked multicenter and multi-ethnic nature because it was confined to two hospitals
in a single city. Interobserver differences among data collectors may also be an important source of bias. At last, there
were no well-designed previous studies for better discussion, comparison, and contrast.

Conclusion

Cases with primary small bowel volvulus were found to have statistically significantly longer jejunoileal length, small
bowel mesenteric length, and higher ratio of small bowel mesenteric length to small bowel mesenteric root. No
statistically significant difference in small bowel mesenteric root was found between cases and controls. A longer
small bowel with longer mesentery and higher SBML to SBMR ratio is highly likely to predispose individuals to primary
small bowel volvulus.

Abbreviations

BMI, body mass index; cm, centimeter; FHCSH, Felege Hiwot Comprehensive Specialized Hospital; JIL, jejuno-ileal
length; kg, kilogram; TGSH, Tibebe Ghion Specialized Hospital;, SBML, small bowel mesenteric length; SBMR, small
bowel mesenteric root; SD, standard deviation.
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