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ABSTRACT

Background: Accurate diagnosis of digestive disorders in camels requires validation and optimization of new
diagnostic techniques to enable clear visualization of the rumen interior.

Aim: The aim of this study was to describe the validity of endoscopy for visualization of the rumen in camels.
Methods: Ten apparently healthy camel calves were included in this study. Each camel was appropriately restrained,
and the endoscope was inserted through the oro-esophageal route to enable visualization of the rumen.

Results: Endoscopy via the oral route allowed visualization of the upper digestive organs and rumen. The ruminal
mucosa, glandular parts of the rumen, and ruminal contents were also observed. The technique was performed safely,
and no clinical complications were observed.

Conclusion: The application of ruminoscopy in camels was shown to be a noninvasive and rapid technique that
enabled visual access to the appearance and contents. Such research has the potential to guide clinicians toward better

diagnosis of ruminal disorders in the future.
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Introduction

Gastrointestinal disorders in camels are of significant
importance. These conditions encompass ruminal
impaction, ruminal bloat, abomasal ulceration, and
swallowed foreign bodies (Fowler, 2011). Furthermore,
acute ruminal acidosis is one of the most severe forms
of ruminal microbial fermentative disorders, with some
cases proving to be fatal within 24 hours (Constable
et al. 2016).

Endoscopy, which involves the visual examination of
bodily cavities using optical devices, is a minimally
invasive technique commonly employed for the
diagnosis and treatment of numerous digestive issues
in both human and veterinary medicine (Sasikala et al.
2019). Gastrointestinal endoscopy in ruminants has
been previously implemented either via oral (Franz
et al. 2006, McRae et al. 2016, Vijayakumar et al.
2016, Ramos-Zayas et al. 2022), rectal (Van Niekerk
et al. 2018), or paralumbar fossa (Franz et al. 2006, Van
Niekerk et al. 2018, Dos Santos et al. 2022, Dos Santos
et al. 2022) approaches. Gastrointestinal endoscopy of
ruminants is a routine, painless, diagnostic, therapeutic,
and secure procedure. It has been traditionally utilized
for removing esophageal foreign bodies (Vijayakumar
et al. 2011, Venkatesakumar et al. 2022, Zabady et al.

2022), diagnosing mega-esophagus (Vijayakumar et al.
2016), and conducting ruminal biopsies (Van Niekerk
et al. 2018, Ramos-Zayas et al. 2022).

Ruminoscopy is a crucial technique in gastrointestinal
endoscopy and plays a vital role in diagnosing
ruminoreticular disorders. In cattle, it has been used
in the past to examine the ruminal papillae in cases of
lactic acidosis (Sasikala et al. 2018). The examination
of the rumen and reticular surfaces can help identify
pathological conditions. The capability to visualize
features naturally and in color is deemed an authentic
method, which is superior to other diagnostic tools,
such as ultrasonography and radiography (Sasikala
et al. 2019). Franz et al. (2006) compared two
ruminoscopic techniques (oral and paralumbar fossa
approaches) for visualization of the ruminoreticular
mucosa and assessment of ruminoreticular contractility
in bovine calves. To the best of our knowledge, there
is no available literature describing the technique of
ruminoscopy in the dromedary camel. In Saudi Arabia,
according to our clinical experience at King Faisal
University Teaching Hospital and our field visits,
there are many cases of gastrointestinal tract diseases,
most of which present with non-specific clinical
signs such as anorexia, dullness, or retarded growth.
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Routine clinical examination and laboratory sampling
of such cases may provide little diagnostic value.
Therefore, the primary objective of this study was to
offer a comprehensive description of the ruminoscopy
technique in apparently healthy camel calves, with a
particular focus on evaluating the normal appearance
of the ruminal mucosa, ruminal content, and ruminal
motility.

Materials and Methods

A total of 10 camel calves aged 1-20 months, of mixed
breed (Majaheem, Maghateer, and Waddah), were included
in this study. Animals included in this study were assessed
as apparently healthy based on normal vital signs, normal
appetite, and the absence of visible clinical abnormalities,
especially those related to the gastrointestinal tract. Solid
food was withheld for 2 days before the procedure to
improve the visualization of the rumen.

Intravenous glucose (1-2 1 of 5% dextrose in normal
saline) and fluid therapy were provided for each
animal. Each examined camel calf was weighed
on a large animal weighing scale to determine the
appropriate sedation dosage. Subsequently, the
animal was positioned on sternal recumbency and
sedated intravenously with xylazine at a dose rate
of 0.2 mg/kg (I/V) (Seton 2%; Laboratorios Calier,
S.A.C./Barcelonés, Barcelona-Espana). Sedation was
administered to ensure better control of animals and to
prevent any possible physical damage to the instrument
during the clinical procedure. A transparent stomach
tube (with fenestrated tip) was used to remove excessive
ruminal juice in some animals in which rumen fluid
partially impairs appropriate assessment. A customized
wooden mouth gag was then placed in the oral cavity.

With the aid of two clinicians, the head and neck were
manually maintained in a slightly horizontal position
to facilitate the passage of the stomach tube. A portable
video endoscopy (Fig. 1A) (with insertion tube: 3,300
mm long and 12 mm in diameter) powered by a source
of light and an irrigation system and provided with
a 3.7 biopsy channel was used (Guangzhou Tueshen
Medical Equipment Co., Itd. China). The tip of the
insertion tube was then inserted into the central canal of
the mouth gag and passed through the oral cavity (Fig.
1B), pharynx, and then advanced and passed through
the esophagus. An irrigation system was used to cleanse
the camera of saliva or potential food particles that came
into contact during the examination. Upon visualizing
the opening of the cardia, the tip of the insertion tube
is guided toward it to induce swallowing, allowing
passage into the rumen. In instances of resistance to
swallowing is noted, a 10 ml solution of 2% lidocaine
was locally flushed to relax the cardia. The rumen was
then visualized for appearance, and its motility was
evaluated and scored as strong (obvious motility of all
parts of the rumen), moderate (the ruminal motility is
of moderate contractility), or weak (complete ruminal
stasis). After complete visualization of the rumen, the
endoscope was carefully removed, and the animals
were allowed to recover from sedation.

Ethical approval

This study was approved by the Research Ethics Committee
of King Faisal University (ETHICS2918), (KFU-REC-
2024-DEC-ETHICS2918), date 11-12-2024..

Results

The ruminoscopy technique was safely performed on
the examined animals and did not cause any noticeable

b &

Fig. 1. Endoscopy device (A) used for ruminoscopic examination, which is composed of
an insertion tube, video processor with a screen, and irrigation unit. Figure (B) reveals the
correct placement of the mouth gag with the tip of the insertion tube inserted through the

central canal of the mouth gag.
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Fig. 2. Appearance of the esophagus as a tube-like structure in the cervical neck area (A). Figure (B) reveals the
appearance of the thoracic region of the esophagus, where the cardia opening is clearly visible (arrow). The ruminal
content and ruminal juice are seen in figure (C). Figure (D) shows the appearance of the ruminal glandular saccules
(asterisks).

pain or discomfort. The oro-esophageal ruminoscopy
route facilitates the passage of the insertion tube without
injuring the adjacent mucosa. The ruminoscopic
examination allowed complete visualization of the
esophagus, cardia opening, and rumen content (Fig. 2A,
B, and C). In some animals, the esophagus appeared
either as a fully opened, cylindrical-like structure or
as a star shape, due to contraction of the esophagus in
front of the tip of the endoscope. Similarly, the cardia
was found as a slit when fully closed (especially in
the youngest camel calves) or as a round ring when
opened. The length of the inserted endoscopy reaching
the cardia in the examined animals ranged from 1.4 to
1.85 m.

Ruminal ingesta appeared as green/olive materials,
and ruminal juice was also observed in the peripheral
regions of the rumen (Fig. 2C). The ruminal wall
appeared smooth and pink, with some blood vessels
and fine blood capillaries clearly visible (Fig. 2C). The
visualization of the rumen also revealed the presence
of pouch-like structures known as glandular saccules
(Fig. 2D). Regarding the gross appearance of the
ruminal mucosa, neither ruminal pillars nor ruminal
papillae could be clearly visualized. The motor activity
of the ruminal wall was also observed and recorded. We
were not able to assess rumen motility according to the
number of ruminal cycles per unit time. However, the
strength of ruminal wall contraction was used instead
as an alternative indicator of rumen motility, which
was found to be strong in seven animals and moderate

in three of them. In contrast, in no of the animals, we
observed complete ruminal stasis.

Discussion

Advancing camel medicine requires the validation and
optimization of new ancillary diagnostic techniques
that provide full insights into the digestive system of
camels. Therefore, this study was conducted. To the
best of our knowledge, this is the first study to provide
a full description of ruminoscopy in apparently healthy
camel calves. This pilot study has now been shown
to be feasible and repeatable and does not pose any
potential complications. Although the main aim of
this study was to report that ruminoscopy is a useful
diagnostic technique in camel medicine, we have also
been successful in detecting and diagnosing some
unusual ruminal disorders in young and adult camels
(unpublished data and which is beyond the remit of
this work). Therefore, we envisage that the validation
of such a diagnostic technique could be considered as
an additional tool for the detection of digestive diseases
that necessitate rumen visualization in camels.

Ruminoscopy has previously been conducted in
bovines through the oro-ruminal (Sasikala et al.
2019) or nasal routes (Sasikala et al. 2022), and both
interventions have been shown to result in satisfactory
assessments of the rumen. In equine, gastroscopy is
typically carried out through the naso-esophageal path
(van den Boom 2022); however, the oral approach is
commonly adopted in ruminants (Franz et al. 2024),
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which could be attributed to the anatomical differences
in the nasopharyngeal areca between both species
(Goulden 2002). A study conducted by Sasikala et al.
(2018, 2019, 2022) on 20 adult buffalo demonstrated
that ruminoscopy is applicable via the nasal route
employing an 8§ mm diameter endoscope. In our study,
in contrast, we voted for the oral approach due to the
collapse of the nostrils in camel calves and the narrow-
spaced nasal cavity (Shawaf et al. 2021). While oral
ruminoscopy poses a risk of tube damage from chewing,
we effectively mitigated this risk through sedation and
manual restraint. This pilot study demonstrated that
ruminoscopy is applicable to camel calves and can be
considered a safe and noninvasive clinical procedure.
Our results indicated that the esophagus had a bright
pink color, with its mucosal surface shining. This
finding is similar to what has been reported in other
animals, such as bovines (Sasikala et al. 2019).
Additionally, the endoscopic appearance of the cardia
is also in accordance with previously published work
in cattle, in which it appeared as a slit (Sasikala et al.
2019). On the other hand, our results revealed that the
morphology of the ruminal wall and the appearance of
the mucosal surface are different from that of cattle, with
the latter possessing different types of ruminal papillae,
such as millet-shaped, petal-shaped, neem leaf-shaped,
and finger-like projections papillae (Sasikala et al.
2019). These papillae were not seen in our examined
animals since the rumen of camels does not have these
anatomical structures, but they do possess specialized
small-sized sacs known as glandular saccules (Ibrahim
and Almundarij 2023). These saccules were clearly
observed in our study, especially in animals with little
ruminal content or in those where the ruminal contents
were evacuated by a stomach tube. It is possible that
the anatomical differences between camels and other
species, like ovine and bovine, might be attributed to
their different digestive physiology or to overcoming
the environmental challenges that camels might
encounter.

Unlike ruminants and equines, camels are considered
pseudo-ruminants due to their unique anatomical
characteristics, as they possess three ruminal chambers
(Al-Jassim and Hogan 2012). In addition, the pattern
of rumen motility differs slightly from that typically
reported in other true ruminants (Qureshi and Al-
Ani 2008). Our results indicate that the subjective
assessment of rumen motility differs between the
examined animals. For example, some individuals were
assigned with moderate ruminal motility despite having
anormal appetite. The explanation for such phenomena
can either indicate the presence of undiagnosed
subclinical rumen dysfunction or simply the effect of
sedation on rumen motility. It was previously reported
that the use of xylazine in bovine and ovine resulted in
a significant reduction in rumen motility (Braun et al.
2002, Waite et al. 2021). The impact of xylazine on
rumen contractility in camels remains unclear; hence,

precisely interpreting such results is challenging.
Additional research is necessary to explore various
sedative agents to identify a suitable option with
minimal inhibitory effects on rumen motility.
Although we were not able to clearly visualize
the reticulum, we envisage that the application of
ruminoscopy in camels will facilitate the antemortem
diagnosis of some common conditions that would
otherwise be detected in postmortem examination, such
as ruminal foreign bodies, inflammatory conditions of
the rumen, and possibly gastric ulcers.

Conclusion

This study revealed that ruminoscopy is a safe,
rapid, and noninvasive technique that can provide
momentary visualization of the rumen in camel calves.
This research has the potential to enhance our future
understanding of camel ruminal diseases. In addition,
the work described in this paper could pave the way
for advancing our understanding of camel digestive
medicine.
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