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Seventy eight Jersey and thirty two Holstein Friesian cross bred cattles were reported with
the history of carbohydrate engorgement. Rumen fluid pH was less than 5 in all the
animals. Endoscopy was performed by using Olympus flexible video endoscope. Animals
were physically restrained without sedation. On endoscopy yellowish to brown coloured
fluid could be visualized upon entering through relaxed lower oesophageal sphincter. The
rumen fluid was lavaged out and irrigation of rumen was done to facilitate the
ruminoscopy. The endoscope tip placed on the dorsal and ventral sac of the rumen
revealed greyish to light brown coloured cornified epithelium and necrosis. In some places
it was peeled off easily and dark, hemorrhagic surface was found beneath, although no
such changes were noticed in the reticulum. Endoscopic guided biopsy revealed massive
vacuolar degeneration with varying nuclear changes of squamous epithelium in rumen and
reticulum on histopathology.

Introduction
Endoscopic procedures of the bovine fore
stomach are described rarely in literature and
are limited in respect to the reticulum,
considering the surface of ruminal mucosa
(Breitner et al., 1998) and the motility of the
reticulo-omasal opening (Kelly et al., 1991).
Nevertheless rumen diseases of ruminating
animals and milk fed calves in dairy herds are
very common and cause enormous economic
losses (Dirksen, 2008). Ruminant animals are
adapted
to
digest
and
metabolize
predominantly forages. Ruminal acidosis is

increasingly recognized as a significant
disorder in ruminants that increases the
morbidity and mortality of animals, especially
for dairy cattle and sheep (Xu and Ding,
2011). It is most commonly caused by the
sudden ingestion of toxic doses of
carbohydrate-rich feed, such as grain which
increases lactic acid production and ends in
chemical rumenitis. Nowadays higher grain
diets are fed to dairy cattle to increase milk
production. It is well known that high grain
diet feeding affects ruminal fermentation,
characteristics and structure of the contentassociated rumen microbial population
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(Metzler-Zebeli et al., 2013; Petri et al., 2013;
Zened et al., 2013).
The high concentration of lactic acid in the
rumen causes chemical rumenitis (Constable
et al., 2017). Rumen mucosal damage is
another consequence associated with rumen
acidosis (Nocek, 1997). The rumen mucosa
plays a vital role in whole-animal energy
balance through the transport and metabolism
of rumen-derived volatile fatty acids (VFAs)
(Baldwin, 1998). In addition, the rumen
epithelium acts as a protective barrier between
the rumen environment and portal circulation
(Graham and Simmons, 2005). Ruminal
acidosis has been associated with a high
incidence of ruminal wall lesions and the
condition of ruminal parakeratosis. The
characteristics of ruminal parakeratosis
include accumulated layers of keratinized,
nucleated squamous epithelial cells and
excessive sloughing of the epithelium
(Hinders and Owen, 1965; Bull et al., 1965).
Historically, rumen mucosal experimental
studies have involved either slaughter of
animals (Naeem et al., 2012), or rumen
cannulation, also referred to as fistulation
(Steele et al., 2011b). Both these methods are
expensive, time consuming and not suitable
for animals that are to be retained for
breeding. Moreover, slaughter of the animal is
not feasible for time-course studies as serial
sampling of the same animals are impossible.
Serial sampling can be undertaken using
rumen cannulation, which allows long term,
minimally invasive access to the rumen
(Hecker, 1969), however, this process is not
convenient for studies requiring large numbers
of animals. While cannulation is currently the
conventional method for studies that require
sequential sampling of rumen contents,
endoscopic biopsies are a viable alternative. In
domestic ruminants endoscopy via a ruminal
cannula has been used for evaluation of the
rumen (McBride et al., 1983), and for

sampling to determine gene expression
(Suominen et al., 1998; Taylor Edwards et al.,
2010; Steele et al., 2015). An alternative
method of obtaining tissue for biopsy studies
is via oral endoscopy. In calves, oral
endoscopy has been evaluated as a tool to
describe the visible structures of the rumen by
Franz et al., (2006).
Nasoruminal endoscopy is very challenging in
calves, sheep and goats because endoscopes
that are sufficiently small to pass through the
nasal passages are usually not long enough to
reach the rumen. Ororuminal endoscopy using
a mouth gag has been infrequently performed
because of the risk of damage to the
instrument as well as poor visualization of the
rumen and reticulum. However, removal of
rumen contents using a siphon and lavage
method improved visualization ability
(Constable et al., 2017). The objective of this
study was to explore the viability of
nasoruminal endoscopy for evaluation of
rumen epithelial changes in ruminal acidosis,
biopsy of rumen papillae and evaluating the
biopsies obtained via this method in
histopathology.
Materials and Methods
Experimental design
Seventy eight Jersey cross bred and thirty two
Holstein Friesian cross bred cattle (110 cattle)
brought to Teaching Veterinary Clinical
Complex (TVCC), Veterinary College and
Research Institute, Namakkal with the history
of carbohydrate engorgement during the study
period of 2015-16 were included in the study.
Among these 110 animals 3 were male and
107 were female. The animals studied were
between 2 – 8 years old and weighed 200 to
350 kg. Animals brought for routine checkup
and deworming during this period served as a
control group for endoscopic evaluation of the
rumen.
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Endoscopy

Results and Discussion

All the cattle were physically restrained
without
sedation.
Rumenoscopy
was
performed using (Olympus™ GIF V70;
Olympus Corporation, Japan) flexible video
endoscope with a diameter of 8 mm and a
usable length of 150 cm that featured a
channel for instruments (diameter 4 mm) and
navigation system allowing the endoscope to
be moved in two directions (upward 180º and
downwards 100º). Every four centimeters of
the endoscope was marked with fine white
lines.

Evacuation of sour rumen contents and
lavaging was necessary in all the cattle for
proper visualization of rumen and reticulum.
In all the cattle the rumen pH was less than 5
on rumen fluid examination.

The instrument was equipped with a halogen
light source, an irrigation system, an
insufflation system and recording devices. The
use of image and data archiving system
allowed digital recording of the endoscopic
findings during examination. Nasogastric
endoscopic procedure of passing the
endoscope up to oesophagus as described by
Franz and Baumgartner (2002) and up to
reticulum as described by Sasikala et al.,
(2017) was followed. Insufflation with air,
irrigation with water and suction enhanced the
visualization of rumen and reticulum during
endoscopic procedure.
Where there was abundant rumen content in
ruminal acidosis, visual examination of the
ruminal mucosa was not possible and the
rumen was therefore evacuated by using
stomach tube. For flushing approximately 15 30 L of water was drenched with the help of
rumen rehydration pump.
Endoscopic biopsy
Biopsy forceps was passed through the
working channel of the video endoscope and
the tissue samples collected were stored in 10
per cent formalin and subjected to the
histopathological examination as described by
Bancroft and Gamble (2008).

Endoscope was passed through the nasogastric
route into the rumen. Animals were physically
restrained without sedation. On endoscopy
neither reticulum nor rumen could be
visualized. Yellowish to brown coloured fluid
could be visualized upon entering through
relaxed lower oesophageal sphincter (Fig. 1).
The rumen fluid was lavaged out to facilitate
the visualization of reticulo-rumen and it is an
alternative to rumenotomy to prevent further
production of lactic acid in rumen. The
contents were milkish white, sour odoured and
watery in nature suggestive of fermentation.
Out of 110 cases 28 animals were in
recumbent position.
So in remaining less severe cases which were
in standing position irrigation of the rumen
was done by using rumen rehydration pump.
Water was pumped into the rumen up to the
visible distension of left paralumbar fossa and
then the rumen is allowed to empty by gravity
flow. The rumen could be partially emptied by
5 - 10 irrigations for better visualization
during the endoscopic procedure. None of the
animal developed aspiration pneumonia after
this procedure. After lavaging and irrigation of
the rumen, endoscope was passed into the
reticulo-rumen. The surface of the ruminal
mucosa (colour, smoothness and shine) was
evaluated endoscopically by placing the tip of
the endoscope on the dorsal and ventral sac of
the rumen. The cornified epithelium was
greyish to light brown coloured and necrosed
(Fig. 2 and 3). In some places it was peeled off
easily and dark, hemorrhagic surface was
found beneath (Fig. 4), although no such
changes were noticed in the reticulum. All
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these changes were restricted to the ventral sac
of rumen.
Endoscopic guided biopsy on histopathology
revealed massive vacuolar degeneration of
squamous epithelium (Fig. 5) and severe
degenerative changes of squamous epithelium
and their fusion in reticulum (Fig. 6) and
massive vacuolar degeneration of squamous
epithelium resulting in displacement of their
nucleus in rumen (Fig. 7).
Ruminal acidosis is a common problem in
large animal medicine. This produces severe
mucosal damage of the rumen wall. These
rapid structural changes of the epithelium
increase the animal's susceptibility to
microbial infection and alter rumen
metabolism and nutrient absorption (Plaizier
et al., 2008), further affects its production
performance and ends in huge economic loss.
Endoscopy, the inspection of bodily cavities
by means of optical devices, was adopted from
human medicine and has enjoyed growing
importance in veterinary medicine in recent
years. Today, in the fields of equine and small
animal medicine, it represents an essential
method of examination, aiding diagnosis and
serving as a means of therapy in connection
with minor surgical intervention as well
(Franz, 2008).
Constable et al., (2017) found thin and
porridge like rumen content with a typical
odour of fermentation on necropsy of ruminal
acidosis cases. The cornified epithelium was
mushy and easily wiped off, left a dark,
hemorrhagic surface beneath.
The wall of the rumen and reticulum had
widespread gangrene and thickened. Similar
changes were reported in live clinical cases
during ruminoscopic procedure. This change
may be caused by the production of excess
lactic acid and restricted to the ventral sac of
the rumen. Lavaging and irrigation of rumen
contents in less severe acidosis cases and in

standing animals was reported by Constable et
al., (2017). In these animals, lavage and / or
irrigation with water and subsequent
siphoning were needed for visualization of
rumen and reticulum. Although the compound
stomach of the cattle cannot be compared with
the stomachs of monogastric animals,
withholding feed and flushing of the stomach
were widely used in horses, small animals and
pigs before gastroscopy (Franz et al., 2004;
Kraft, 1993; Mackin et al., 1997; Vatistas et
al., 1997). Breitner et al., (1998) and Franz et
al., (2006) advocated flushing of rumen before
endoscopy via the artificial rumen fistula or by
using an orally introduced stomach tube.
Watching for any kind of movement of organs
or specific anatomical structures was one of
the greatest advantages of endoscopic
examination when comparing this to other
imaging techniques such as radiography and
computer
tomography
(Kraft,
1993;
Mayrhofer et al., 2004). Another important
aspect was the opportunity to visualize the
mucosal surface directly, enabling colour,
smoothness and brightness in addition to
pathological mucosal alterations to be
evaluated (Franz et al., 2000). In the presence
of pathology, direct visual examination of the
reticulo-ruminal mucosa and assessment of
contractions of the rumen and reticular groove
might aid in the diagnosis of diseases of the
reticulo-rumen and determination of the extent
of pathological alterations. As such,
endoscopy of reticulo-rumen could be a
helpful diagnostic tool as part of the clinical
examination (Breitner et al., 1998).
Breitner et al., (1998) and Franz et al., (2006)
reported that ruminoscopy via the oral
approach was not satisfactory especially in
ruminating calves when compared to the
rumen fistula technique. However in the
present study endoscopy of reticulo-rumen via
the nasal route was found to be satisfactory
and well tolerated in all cattle.
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NRP

F
Fig.1 Fluid filled reticulum - F – Rumen fluid

Fig.2 Necrosed rumen papillae (NRP)

R

NRE

Fig.3 Necrosed rumen epithelium (NRE) –
Rumen (Ru)

Fig.4 Sloughed epithelium left haemarrhagic
surface – Rumen (R)

Fig.5 Histopathology: Reticulum showing massive vacuolar degeneration of squamous epithelium
(H & E stain; 40 x)

Fig.6 Histopathology – Reticulum showing
massive degenerative changes of the squamous
epithelium and their fusion (H & E stain; 100 x)

Fig.7 Histopathology: Rumen showing massive
vacuolar degeneration of squamous epithelium
resulting in displacement of their nucleus (H &
E stain; 100 x)
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This was supported by the observations of
McRae et al., (2016) who reported that
endoscopy via oral route in sheep offered an
attractive and cost effective approach to
repeated rumen biopsies compared to serial
slaughter or use of cannulated animals.
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