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An atypical presentation of a mesenteric
Meckel’s diverticulum in a 7-year-old
warmblood mare: case report
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Abstract

Background: Meckel’s diverticula are a rare cause of small intestinal strangulation, diagnosed at laparotomy or
necropsy. This congenital anomaly of the gastrointestinal tract originates from a remnant of the vitelline duct. In
reported equine cases, they present as a full-thickness diverticulum on the antimesenteric border of the distal
jejunum or proximal ileum.

Case presentation: On laparotomy a Meckel’s diverticulum positioned at the mesenteric side was found to be the
cause of small intestinal strangulation. This position is very uncommon and to the best knowledge of the authors
there is no unambiguous description of another case.

Conclusions: Meckel’s diverticula should be on the list of differential diagnoses in cases of small intestinal strangulation.
As in humans, equine Meckel’s diverticula can have the standard antimesenteric as well as a more exceptional mesenteric
location. This case adds to the series of anecdotal reports of anomalies with regard to Meckel’s diverticula in the horse.
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Background
Vitelline anomalies are a rare and often overlooked
cause of small intestinal strangulation in horses [1, 2].
During the early embryonic stages, the vitelline duct
(also called omphalomesenteric duct) connects the yolk
sac with the developing midgut [3–5]. As the yolk re-
gresses and the placenta takes over, the vitelline duct
and paired vitelline arteries atrophy [3, 5]. In case of an
incomplete obliteration, a mesodiverticular band, a vitel-
line duct cyst or a Meckel’s diverticulum may remain [2,
3, 5–8]. Vitelline remnants can be an incidental finding
during exploratory laparotomy, but they may as well lead
to small intestinal strangulation for which surgical inter-
vention is needed [1, 3, 8].

This report describes the case of a 7-year old warm-
blood mare with an atypical mesenteric positioned
Meckel’s diverticulum as the cause of small intestinal
strangulation diagnosed at exploratory laparotomy.

Case presentation
History
A 7-year-old, 495 kg Dutch warmblood mare developed
signs of acute colic (attempts to lie down, rolling, rest-
lessness and pawing) after riding. The horse did not re-
spond to intravenous analgesia with flunixin meglumine
given by the referring veterinarian and was referred to
the Utrecht University Equine Clinic (Utrecht, the
Netherlands). The mare arrived at the university clinic
2.5 h after the onset of symptoms.

Clinical examination
On presentation, the mare continued showing signs of
abdominal pain. A general physical examination was

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: stasemanuel@hotmail.com
1Department Clinical Sciences, Utrecht University, Faculty of Veterinary
Medicine, Yalelaan 112, 3584, CM, Utrecht, the Netherlands
Full list of author information is available at the end of the article

Stas et al. BMC Veterinary Research          (2020) 16:409 
https://doi.org/10.1186/s12917-020-02631-w

http://crossmark.crossref.org/dialog/?doi=10.1186/s12917-020-02631-w&domain=pdf
http://orcid.org/0000-0002-6915-9402
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:stasemanuel@hotmail.com


performed, which revealed a heart rate of 48 beats/min,
a respiratory rate of 10 breaths/min and a rectal
temperature of 37.2 °C. Oral mucous membranes were
slightly pale and tacky with a prolonged CRT. The abdo-
men was slightly distended. On abdominal auscultation
borborygmi were absent on the left and reduced in fre-
quency on the right side. Upon nasogastric intubation
no reflux was obtained. Rectal examination revealed a
mildly impacted pelvic flexure, no distended loops of
small intestine could be palpated or seen on transcuta-
neous abdominal ultrasonography at this timepoint. Re-
sults of a hematological assessment and biochemical
panel were still within normal limits.
Based on these clinical findings and particularly on the

severe persisting signs of colic, which were unresponsive
to repeated analgesia and sedation, a tentative clinical
diagnosis of a small intestinal strangulation was made.
The mildly impacted pelvic flexure was assumed to be
secondary. An exploratory laparotomy under general
anesthesia was recommended.

Surgery
Pre-operatively the horse received benzylpenicillin (Ben-
zyl-G 10MegaA) at 20.000 IU/kg body weight (BW)

intravenously (IV) and gentamycin (Gentamycine 5%B)
at 6.6 mg/kg BW IV. The horse was premedicated with
1 ml of detomidine (Domosedan 10mg/mlC) IV and
morphine (Morfine 10 mg/mlD) at 0.1 mg/kg BW IV, in-
duced with ketamine (Narketan 100 mg/mlE) at 2.2 mg/
kg BW IV and midazolam (Midazolam Aurobindo 5mg/
mlF) at 0.06 mg/kg BW IV. Anesthesia was maintained
with isoflurane (IsoFloG) in oxygen. At the end of the
surgery procaine penicillin (Procapen 300 mg/mlH) at
20.000 IU/kg BW was injected intramuscularly (IM).
With the horse in dorsal recumbency a standard

midline approach was used, and a 25 cm incision was
made through the linea alba. Manual exploration of
the abdomen revealed a small intestinal strangulation,
several dilated loops of small intestine and a mild im-
paction of the ascending colon. The strangulation was
located in the distal jejunum (Figure 1), which after
reduction and reposition appeared to have a Y-shaped
anatomy in this horse (Figure 2). Given its appearance
a congenital anomaly was presumed. The tube-like di-
verticulum originated from the mesenteric side of the
jejunum instead of the anti-mesenteric side, as it is
most often described for a Meckel’s diverticulum [9–
11]. Oral to the strangulation, the jejunum was fluid

Fig. 1 Intra-operative view of the strangulation in the distal jejunum. Arrow: The distal tip of the diverticulum, a hemorrhagic fat pedicle, secured
the loop of strangulation. Note the surrounding dilated small intestines
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filled and distended for a length of 6–7 m. After cor-
rection of the strangulation, the small intestines were
decompressed by gently pushing its contents into the
cecum before resection was started.
The blind-ending diverticulum was located in the dis-

tal segment of the jejunum not involving the jejuno-ileal
junction, it measured 44 cm in total length and 5 cm in
diameter. The proximal 17 cm ran parallel to the je-
junum after which it diverged to a free diverticulum (27
cm) with its own mesentery (Figure 3). The luminal part
had a full length of 34,5 cm. The distal tip, a fat pedicle
that secured the loop of strangulation (Fig. 1), had a dark
red hemorrhagic serosal discoloration. The serosa of the
adjacent jejunum showed a band of pink-purple discol-
oration on the sides of strangulation; in total, a loop of
30 cm of jejunum was strangulated by the diverticulum
(Fig. 3).
Intestinal motility appeared to be decreased orally

and normal aborally of the strangulation. All parts of
intestine were considered viable based on their motil-
ity, wall thickness and color. However, to prevent re-
occurrence of a strangulation or other complications
caused by the diverticulum (e.g. impaction), the deci-
sion was made to perform ‘en bloc’ resection of the
anomaly and the associated jejunum of approximately
1 m. An end-to-end jejuno-jejunostomy single-layer
anastomosis as described by Freeman (2019) [8] was
performed. Vessels in the mesentery were ligated with

polyglactin 910 (VicrylI) USP 0. The one-layered anas-
tomosis was created with an interrupted Lembert pat-
tern of polydioxanone (PDSJ) USP 3–0. The
mesentery was closed with a simple continuous suture
of polyglactin 910 (VicrylI) USP 0. At the end of sur-
gery 1 L of carboxymethyl cellulose (Carmellose gel
2%K) was deposited intra-abdominally and the horse
received dalteparin (FragminL, 50 IU/kg) subcutane-
ously to prevent intestinal adhesions. The abdominal
wall was closed in four layers: the peritoneum was su-
tured with a simple continuous suture pattern of
polyglactin 910 (VicrylI) USP 0, the linea alba with a
simple continuous suture pattern of polyglactin 910
(SurgicrylM) USP 6, the subcutis with a simple con-
tinuous suture pattern of polyglactin 910 (VicrylI)
USP 2–0 and finally the skin with a continuous intra-
dermal suture pattern of poliglecaprone (MonocrylN)
USP 2–0. A rolled gauze stent was sutured over the
wound with interrupted cruciate sutures of nylon
(EthylonO) USP 0. Recovery from anesthesia was
uneventful.

Histopathology
Histopathological examination of the resected intestine
was performed. The lumen of the diverticulum was cov-
ered by a stratified squamous epithelium. The second
layer consisted of loose fibrous tissue, followed by a layer
of adipose tissue and finally at the periphery a mesothelial,

Fig. 2 Intra-operative view of the Meckel’s diverticulum (a) and jejunum (b) after reduction of the strangulation. The mesenteric (*) positioned
diverticulum (between the black arrows) first runs parallel to the jejunum and diverges after 17 cm into a free diverticulum
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serosa-like layer. There was no lamina muscularis present
in the diverticulum. The histological examination of the
neighboring jejunum showed that all expected anatomical
layers were present.

Follow-up
Following surgery, the horse was admitted to the inten-
sive care ward with treatment consisting of continuous
infusion of fluids (RingerP, lidocaine; 50 mcg/kg/min),
antibiotics (Gentamycin, Gentamycine 5%B; 6.6 mg/kg
BW IV q24h and procainpenicillin, Procapen 300mg/
mlH; 20.000 IU/kg BW IM q24h) NSAIDs (Flunixine
meglumine, MegluxinR; 1.1 mg/kg BW IV q12h), low-
molecular weight heparin (Dalteparin, FragminL; 50 IU/
kg BW SC q24h) and gastroprotectants (Omeprazole,
GastrogardS; 1 mg/kg BW PO q24h). The horse was
regularly checked for reflux by nasogastric intubation.
The first 24 h after surgery the horse was fasted and
allowed to drink 2 L/2 h, after which silage and grass
were slowly reintroduced.
In the early post-operative period, the horse developed

post-operative ileus with enterogastric reflux and mild
colic signs (decreased appetite, weight shifting and paw-
ing). On rectal examination, the previously encountered
mild colonic impaction had increased in size,
consistency was much firmer as a result of dehydration.
Medical treatment with laxatives and metoclopramid

CRI (EmepridT, 0.04 mg/kg BW/h) did not resolve the
condition. Based on these findings, and as colic per-
sisted, the decision was made to perform a re-
laparotomy. During repeat laparotomy, the anastomosis
was checked and assessed to be patent and viable, with
no impacted ingesta and a normal luminal diameter.
The small intestines were decompressed to the cecum
and the impaction in the ascending colon was resolved
through an enterotomy at the pelvic flexure.
Post-operative course after the second laparotomy was

favorable. Supportive therapies were gradually discontin-
ued based on clinical findings and bloodwork. Infusions
and Dalteparin were stopped after 3 days. Antibiotics
were discontinued after 5 days. Gastroprotectants and
NSAIDs were given for 10 days after surgery; 5 days of
intravenous flunixin meglumine (MegluxinQ) at 1.1 mg/
kg BW q12h was followed by 5 days of oral meloxicam
(MetacamU) at 0.6 mg/kg BW q24h. The amount of
roughage and soaked feed was gradually increased until
the horse was back to full ration 8 days after the second
surgery. The horse was discharged after 14 days of
hospitalization.
Four months after discharge the owner was contacted

by telephone for follow-up. The mare had not shown
any new episodes of colic, nor signs of wound infection
during the previous months. Riding had been gradually
reintroduced, at the time of the telephone survey the

Fig. 3 Measurements of the diverticulum. Left is proximal and right is distal. Measuring 44 cm in full length (X-Z); 17 cm parallel to the jejunum
(X-Y), with a free part of 27 cm (Y-Z). Black arrows point out the limits of strangulation; a 30 cm loop of jejunum was strangulated by
the diverticulum
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mare was participating in her first competition at its pre-
vious level.

Discussion and conclusions
Meckel’s diverticula (MD) are a congenital disorder of
the gastrointestinal tract found in several species like
humans, pigs and horses [1, 2, 12]. In rare cases the vi-
telline duct (partially) fails to atrophy during embryonic
development and a tube-like diverticulum remains,
called a Meckel’s diverticulum [2, 3, 8]. This blind end-
ing branch of small intestine is located at the distal end
of the jejunum or proximal ileum, has a lumen and can
vary in length from 10 to 35 cm [1, 3, 13]. The diverticu-
lum encountered in this case consisted orally of a part
that was attached to and ran parallel to the distal je-
junum, sharing the serosa but separated by a mucosa-
covered septum (Figure 4), similar to the cases described
by Yovich and Horney (1983) [14] and Barakazai et al.
(2003) [1]. Because of this, the diverticulum measured a
total length of 44 cm, with a free part of 27 cm in length
(Fig. 3). It has been postulated that the stratified squa-
mous epithelium, as found in the diverticular part, might
develop secondary to a chronic impaction [1, 2]. Similar
to the findings described by Verwilghen et al. (2010) [2],
no lamina muscularis could be identified in the case de-
scribed here.
In literature a Meckel’s diverticulum is usually charac-

terized by an origin at the antimesenteric aspect of the

small intestine, however in humans there are a few cases
known to have had a mesenteric positioned diverticulum
[12, 15, 16]. To our knowledge this is the first equine
case report to describe a mesenteric positioned tube-like
diverticulum of the distal jejunum (Figure 5). The un-
usual condition encountered in this case is of value to
report to assist surgeons encountering this during an
emergency laparotomy as its location also influences the
surgical possibilities. The case report by Wefel et al.
(2011) [17] also describes a mesenteric diverticulum as-
sociated with a mesodiverticular band, however as that
case did not present the typical anatomy of a blind con-
ical extension of a Meckel’s diverticulum, it might have
been an acquired diverticulum [17–19]. The anatomy of
the diverticulum in the case described here must have
been a congenital anomaly rather than an acquired one.
Based on the typical anatomy, location in the distal je-
junum and histological composition, this is very likely a
variety of a Meckel’s diverticulum rather than a jejunal
duplication [12] (Fig. 3).
Just like a Meckel’s diverticulum, a mesodiverticular

band is a kind of vitelline anomaly [20]. A mesodiverti-
cular band is a remnant of a vitelline artery, usually the
left, and its associated mesentery [6, 8, 21]. This creates
a triangular fold between the intestinal mesentery and
attaching to the anti-mesenteric side of the distal je-
junum [8, 10, 20]. These vitelline anomalies are rather
rare findings: Van den Boom and Van der Velden (2001)

Fig. 4 Bifurcation of the Meckel’s diverticulum (a) and jejunum (b); sharing the serosa but separated by a mucosa-covered septum. The
diverticulum is positioned on the side of the mesenterium (c)
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[22] listed 5 out of 224 surgical cases of small intestinal
strangulation to be caused by a mesodiverticular band
(3) or Meckel’s diverticulum (2). Verwilghen et al. (2010)
[2] reported that 2 out of 1008 horses that were admit-
ted for acute colic had Meckel’s diverticula on laparot-
omy or post-mortem examination. Sprinkle et al. (1984)
[3] found only 5 Meckel’s diverticula on 15,000 (0,03%)
post-mortem examinations. Vitelline anomalies can go
undetected and a horse can live without complications
for years, as is reflected by the wide age range of cases
reported in literature [1]. Based on this, the figures men-
tioned above might be an underestimation of the real
prevalence in the equine population [9, 23].
Meckel’s diverticula can be an incidental finding; how-

ever, they are most often found to be related to the
cause of colic [3, 8, 9]. They can cause intestinal stran-
gulation, form an axis for volvulus, can be herniated or
the blind ending can become impacted and ultimately
rupture causing a fatal peritonitis [4, 8, 13, 18, 24, 25].
Similarly, mesodiverticular bands can lead to volvulus,
small intestines can become strangulated in the blind
sac or through a rent in the mesodiverticular band [8,
17, 20]. In the case described here the diverticulum was
entangled around an adjacent part of distal jejunum,
while the blind ending of the diverticulum was only
slightly impacted with feed material.
Surgical intervention is straightforward for symptom-

atic diverticula, however a prophylactic surgical inter-
vention for asymptomatic incidental diverticula is

debatable [9, 12, 26]. Based on the risk factors, most
surgeons advise a resection of the diverticulum or
mesodiverticular band if found at laparotomy, as it
may predispose for episodes of colic [11, 16, 17, 27].
In human medicine several surgical options have been
described for cases of Meckel’s diverticula [27]. Based
on the encountered anatomy, its relation to the colic
signs and if applicable the viability of the strangulated
part, a diverticulectomy, a wedge resection or a seg-
mental resection is performed [25, 26]. Because of its
location a diverticulectomy as described by Bartmann
et al. (2002) [13] was not possible in this case as this
would impair blood supply to the remaining jejunum.
A segmental resection with a one-layered anastomosis
was performed using a method described by Freeman
(2019) [8]. This kind of anastomosis minimizes lu-
minal diameter reduction [8], as could be evaluated
during the re-laparotomy.
Although there was a mild secondary impaction pal-

pated during the initial surgery, the decision was made
not to empty and flush the colon through a pelvic flex-
ure enterotomy at that time. It was assessed that this im-
paction could be resolved on its own, based on the large
amount of fluid decompressed from the small intestines
into the cecum; also, this decision helped minimize sur-
gery time. However, in the first 36 h after surgery a lar-
ger and firmer impaction developed, probably in part
secondary to ileus causing fluid retention in the small in-
testinal lumen. A re-laparotomy was performed to

Fig. 5 The Meckel’s diverticulum (a) in this case was atypically positioned on the mesenteric side (c) of the jejunum (b)

Stas et al. BMC Veterinary Research          (2020) 16:409 Page 6 of 8



resolve the impaction and from that point the horse re-
covered well.
Small intestinal strangulations carry a poor to guarded

prognosis, with highest mortality in the peri-operative
period [22]. Short-term survival rates of horses that are
allowed to recover from small intestinal surgery range
from 68% and above [8, 22, 28]. Ileus, post-operative
colic and repeat laparotomy are factors associated with
non-survival after small intestinal resection [8, 29]. Ap-
proximately half of the Meckel’s diverticula cases de-
scribed were euthanized [1, 2, 13, 17, 18, 24, 25, 30]. The
horse described here recovered well after repeat laparot-
omy and was gradually reintroduced to its previous level
of work.
In conclusion, Meckel’s diverticula are a rare cause of

small intestinal strangulation encountered in horses of a
wide age range. In literature, they are often defined as an
anomaly of the vitelline duct, presenting as a full-
thickness diverticulum on the antimesenteric border of
the distal aspect of the jejunum or proximal aspect of
the ileum [11]. This case adds to the series of anecdotal
reports of anomalies with regard to Meckel’s diverticula
in the horse. To our knowledge, this report describes the
first mesenteric variant of a Meckel’s diverticulum in a
horse with a Y-shaped bifurcation of the distal jejunum.
It is worthwhile to report on the different types of aber-
rations encountered as this may aid accessibility of epi-
demiological data in future and may help surgeons to
identify and recognize these anomalies.
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