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Abstract

Case summary A 7-month-old intact female Maine Coon presented with a 2-week history of vomiting. A
peritoneopericardial diaphragmatic hernia (PPDH) and a mass arising from the cardia, protruding into the
gastric lumen, were diagnosed using a combination of ultrasound and CT. An exploratory gastrotomy revealed a
circumferential, irregular, ulcerated mass involving the submucosal layer of the cardia. This mass was excised by
partial-thickness resection of the gastro-oesophageal wall. The PPDH was corrected and a gastrostomy feeding
tube was placed under the same anaesthetic. Histopathologically, the most characteristic feature of this mass was a
submucosal fibroplasia associated with marked ulceration and granulation tissue. No infectious or neoplastic cells
were identified. The affected region of the gastric wall appeared narrowly excised. Resolution of clinical signs was
achieved until the cat was lost to follow-up 12 months postoperatively.

Relevance and novel information This is the first report of the surgical management of an oesophagogastric mass in
a cat with a concurrent PPDH and no other underlying disease. A benign fibrous mass should be considered as a
differential diagnosis of an oesophagogastric mass in feline patients with PPDH. While medical and surgical options
are debated for the management of PPDH, symptomatic patients with a concurrent oesophagogastric mass are
legitimate candidates for surgical herniorrhaphy to prevent further complications. Based on this case, prognosis
can be considered good if surgical resection is complete.
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50 years. Most of these mechanisms allude to altered
embryological development of the septum transversum,
which is the structure that will form the ventral portion
of the diaphragm. This malformation allows the passage

Introduction

Peritoneopericardial diaphragmatic hernia (PPDH) is an
anomaly resulting in communication between the peri-
cardium and pleuroperitoneal cavity.! The prevalence of
PPDH has been reported to be 0.06-0.6% in cats.'* It is
one of the most common congenital cardiac defects diag-
nosed in cats over 1 year of age;'">>7 however, its aetiol-
ogy is still not fully understood. In humans, PPDH may
occur as a result of trauma or be a congenital anomaly,
whereas, in cats, traumatic PPDH does not occur as
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the pericardium and diaphragm are not connected.!58
Various proposed mechanisms underlying the patho-
genesis of PPDH have been suggested over the past
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of abdominal contents through the diaphragmatic her-
nia into the pericardial sac.1356°-13 The most common
herniated organs in cats with PPDH are the liver, gall-
bladder and small intestine.>

Breeds reported to have a higher incidence of PPDH
include Maine Coons, Himalayans and Persians.!571415
In two studies, between 50% and 60% of cats with PPDH
presented with associated clinical signs, whereas a
hernia was an incidental finding in the other cats.!?
Clinical signs include respiratory signs such as tachypnoea
and dyspnoea, or gastrointestinal signs such as inter-
mittent regurgitation, vomiting, dysphagia, anorexia and
weight loss.17/101L141617 The prolonged exposure of the
oesophageal mucosa to acid is an important cause of
oesophagitis and potential stricture formation. In addi-
tion, oesophagitis decreases lower oesophageal sphinc-
ter (LES) tone, which leads to more reflux and mucosal
inflammation. Damage to the muscularis layer of the
oesophagus is associated with fibroblastic proliferation
and contraction, leading to stricture formation. Herein
we describe the first report of a circumferential oesoph-
agogastric mass associated with a PPDH in a young cat,
which was managed successfully through surgery.

Case description
A 7-month-old indoor, vaccinated, intact female
Maine Coon was initially presented to its primary care

veterinarian with a history of acute vomiting after a
recent transition to a commercially available diet. The
patient was given a 2-week course of a proton pump
inhibitor (omeprazole 5mg PO ql2h) and its appetite
improved initially. The vomiting episodes reoccurred,
however, after the treatment was discontinued. The
patient also developed intermittent hiccups. The
patient was reassessed and comprehensive blood work
performed. Complete blood cell count and serum
chemistry results showed no significant abnormalities.
A mild non-regenerative, normocytic, normochromic
anaemia (haemoglobin 84g/1; reference interval [RI]
98-162) was the only notable finding. Serum Spec feline
pancreatic lipase concentration was within normal lim-
its, and serum folate and cobalamin results were above
the respective Rls (cobalamin >1000 ng/1 [RI 270-1000];
folate >24.0ng/1 [RI 9.5-20.2]). Thoracic and abdominal
radiography revealed marked enlargement of the car-
diac silhouette and a confluent silhouette between the
diaphragm and the heart (Figure 1). An abdominal
ultrasound revealed a soft tissue structure within the
stomach. The cat was referred to a referral centre for fur-
ther evaluation. Over the week preceding presentation to
the referral hospital, the patient had lost about 10% of
its body weight and became anorexic and lethargic. Large
intestinal diarrhoea (tenesmus, small volume stools,
presence of mucus) was also reported for a couple of

Figure 1 Orthogonal radiographs of a 7-month-old intact female Maine Coon showing severe enlargement of the cardiac
silhouette and partial summation of its caudal border with the ventral margins of the diaphragm (white arrows)
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(b)

Figure 2 (a) Ultrasonographic image of the stomach showing the presence of a parenchymal structure on the left side

of the screen compatible with a mass within the stomach. Visualisation of the transition (white arrow) between the gastric mass
(red arrow) and the normal gastric wall (S). (b) Ultrasonographic image of the stomach showing the circumferential mass

at the level of the cardia and surrounding the lower oesophageal sphincter (LES). Visualisation of the transition (white arrow)
between the gastric mass (red arrow) and the rest of the stomach on the right side of the screen. (c) Ultrasonographic image
of the stomach showing the circumferential mass (red arrow) affecting the cardia and surrounding the LES

days prior to presentation. No haematemesis, melaena
or haematochezia were noted. No coughing, sneezing,
nasal discharge or dyspnoeic episodes were reported.

On physical examination, the patient was bright,
alert and responsive, with a body weight of 3.7kg, a
body condition score of 3/9 and a mild-to-moderate
loss of lean muscle mass. The patient was tachycardic
(220 beats/min), but no murmur, arrhythmias or gallop
sounds were auscultated. Femoral pulses were strong
and synchronous. The patient was eupnoeic, and no
stertor, stridor, wheezes or crackles were noted on aus-
cultation of the respiratory tree. Abdominal palpation
was unremarkable.

Comprehensive blood work confirmed a mild non-
regenerative, normocytic, normochromic anaemia
(haemoglobin 8.8g/dl [RI 9.8-16.2]) and revealed an
inflammatory leukogram characterised by a mature
neutrophilia (17.9 X10°/1; RI 2.3-10.3) and monocytosis
(1.3X10°/1; RI 0.1-0.7). Serum biochemistry was unre-
markable. Abdominal ultrasound showed that the right
medial lobe, papillary process, left lateral lobe, left
medial lobe, quadrate lobe and gallbladder were dis-
placed through the diaphragm, into the thoracic cav-
ity, caudal to the heart. A small volume of pericardial
effusion was present. These findings were compatible
with a PPDH. A segment of gastric wall adjacent to
and surrounding the lower oesophageal sphincter
showed marked thickening and loss of layering with a
hypoechoic appearance (Figure 2). CT was used to fur-
ther characterise the gastric wall changes and enable
assessment of the vasculature and herniated structures
involved in the PPDH for anaesthetic and surgical plan-
ning. CT confirmed that the left lateral and left medial
liver lobes were herniated into the caudal thoracic cavity.
This herniation had occurred via a large midline defect

of the ventral diaphragm, with continuity between the
diaphragm and the caudal aspect of the pericardial sac.
The stomach was displaced to the left side of the most
cranial aspect of the abdominal cavity. A 3cm diameter
broad-based mass was arising from the wall of the cardia
and protruding into the gastric lumen. The mass was
circumferential and showed heterogeneous contrast
enhancement (Figure 3).

The patient was classified as American Society of
Anesthesiologists grade III and premedicated with
methadone (0.2mg/kg [10mg/ml] IV) and medetomi-
dine (3 pg/kg [1mg/ml] IV). Anaesthesia was induced
with alfaxalone (2mg/kg [10mg/ml] IV) and main-
tained with isoflurane in oxygen. The patient was
mechanically ventilated and maintained on intra-
venous fluids during the surgical procedure. Fentanyl
(1-2ng/kg/min [50 ug/ml] continuous rate infusion)
and cefuroxime (22mg/kg [100mg/ml] IV) were also
given perioperatively.

Surgical exploration of the abdomen was performed
via a median xipho-umbilical coeliotomy approach. An
intraluminal mass was palpated within the stomach, at
the oesophagogastric junction (Figure 4a). A gastrotomy
was performed and a circumferential, ulcerated, sub-
mucosal mass was observed at the level of the LES
(Figure 4b). The mucosal and submucosal layers sur-
rounding the mass were incised and the mass was ele-
vated (Figures 4c—e). The muscularis and serosa layers
were preserved. The mass was resected and submitted
for histopathology (Figure 4f). The mucosal and submu-
cosal layers of the oesophageal and gastric walls were
sutured from inside the lumen using absorbable suture
material (3-0 PDS). The gastrotomy was closed in a two-
layer appositional pattern. The PPDH was inspected.
The liver was extracted from the pericardial cavity. No
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Figure 3 (a) Post-contrast dorsal multiplanar reformatted CT image in a soft tissue window. Visualisation of the
peritoneopericardial diaphragmatic hernia (PPDH; white arrow) with liver (L)and portal venous system involvement caudal to
the heart (H). A large mass is seen arising from the cardia and protruding into the lumen of the stomach (red arrow). PV = portal
vein. (b) Post-contrast sagittal multiplanar reformatted CT image in a soft tissue window. Visualisation of the PPDH with liver

(L) and portal venous system involvement caudal to the heart (H). A large mass is seen within the stomach (white arrow).

E = oesophagus. (c) Post-contrast transverse CT image in a soft tissue window. Visualisation of the large mass arising from

the cardia and protruding into the lumen of the stomach (white arrow). Ao = aorta; CVC = caudal vena cava; PV = portal vein

adhesions were found between the herniated structures
and the pericardium or myocardium. The edges of the
hernial ring were debrided and closed using a simple
continuous suture pattern. A pneumothorax occurred
during reconstruction of the diaphragm and was drained
via thoracocentesis. A temporary gastrostomy feeding
tube (MILA Foley Catheter, 18 FX55cm [21in] with a
10cc balloon) was placed at the level of the fundus.
An ovariohysterectomy was performed at the request of
the owner. The abdomen was closed routinely.

The patient recovered well from anaesthesia and
remained in hospital for continued fluid therapy, pain
relief and supportive care, including tube feeding. No

vomiting or diarrhoea were reported, and the resting res-
piratory rate remained within normal limits. The patient
was discharged after 5 days on an antiemetic (maropitant
8mg q24h via the tube for 5 days), proton pump inhibitor
(omeprazole 5mg q12h via the tube for 2 weeks) and an
adherent acid-buffering agent (sucralfate 500mg q8h via
the tube for 5 days). The patient’s activity was restricted
for 2 weeks. Only water was allowed by mouth for the
first week, then soft food was gradually introduced
over 2 weeks, and firmer food was eventually added.
Pathology was performed by a board-certified patho-
logist and was consistent with a gastric mass with sub-
mucosal fibroplasia associated with marked ulceration,
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Figure 4 (a) Intraoperative photograph of the patient in dorsal decubitus showing pre-umbilical coeliotomy to correct
peritoneopericardial diaphragmatic hernia (PPDH). The black arrow shows the intraluminal gastric mass. The fundus

(F), body (B) and pylorus (P), and part of the spleen (S), are also shown. (b) Intraoperative photograph showing the intraluminal
circumferential mass after gastrotomy. The black arrow shows the intraluminal gastric mass. Note the lumen of the lower
oesophageal sphincter in the centre of the mass. (c) Intraoperative photograph showing the intraluminal circumferential mass
after gastrotomy. The black arrow shows the intraluminal gastric mass after dissection of its superficial layer (white arrow).

Note the lumen of the lower oesophageal sphincter in the centre of the mass. (d) Intraoperative photograph showing the
dissection of intraluminal circumferential mass (black arrow). The white arrow shows the superficial layer of the mass after
dissection. (e) Intraoperative photograph showing the dissection of intraluminal circumferential mass (black arrow). The white
arrow shows the lumen of the lower oesophageal sphincter. (f) Postoperative photograph showing the circumferential mass.

The scalpel was used as a scale

granulation tissue and mineralisation. The submitted tis-
sue contained a well-demarcated region of ulceration,
with associated inflammation and extensive stromal
proliferation. The stroma consisted of a mix of granula-
tion tissue and fibrovascular tissue. There was no evi-
dence of a neoplastic population, infectious agents or
foreign material. A specific cause for the extensive altera-
tion was not identified within the sections. There was
extensive stromal proliferation that appeared relatively
well demarcated, and the affected region of the gastric
wall appeared narrowly excised.

The patient was presented a week later for a recheck
examination. The cat’s activity level and appetite had
reportedly improved. No vomiting or regurgitation
episodes were reported. No coughing, sneezing, nasal
discharge or dyspnoeic episodes were reported. The

coeliotomy incision and the feeding tube site were
healing well. No redness, swelling, pain or purulent
discharge were reported. A telephone recheck was per-
formed 2 weeks later. The patient had gained weight
and its activity level and appetite continued to improve.
One vomiting episode was reported after a meal, but no
regurgitation, diarrhoea, coughing, sneezing, nasal dis-
charge or dyspnoeic episodes were observed. Omeprazole
was discontinued and the patient was gradually transi-
tioned to a dry diet. A recheck appointment was sched-
uled 3 weeks later, when the owner had finished
transitioning the patient from soft food to dry food. The
patient had gained weight and was bright, alert and
responsive. Vital parameters were within normal limits,
and the coeliotomy incision site was completely healed.
The gastrostomy feeding tube was removed. Thereafter,
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telephone rechecks were performed 3 months, 6 months
and 1 year after discharge. The patient had thrived, and
the owners reported no clinical signs.

Discussion

This case report documents an intact female Maine
Coon that was diagnosed with a PPDH and a concur-
rent, believed to be secondary, benign oesophagogastric
mass. Diagnostic investigation revealed no other comor-
bidities, and histopathology reported that the mass was
consistent with submucosal fibroplasia associated with
granulation tissue, ulceration and extensive stromal
proliferation. Grossly, this lesion could be confused
with lymphoma, adenocarcinoma, eosinophilic sclerosing
fibroplasia or other pyogranulomatous lesions (eg,
foreign body, mycobacteriosis and pythiosis).!820 We
hypothesised that the PPDH caused chronic, occult,
gastro-oesophageal reflux episodes leading to erosion/
irritation of the LES and resulting in the development of
a benign fibrous mass. Indeed, prolonged exposure of the
oesophageal layers to acid represents a common cause of
oesophagitis and stricture formation in dogs and cats,
and gastroesophageal reflux precedes development of
benign oesophageal stricture in 46-65% of cases.?!??
Damage to the oesophageal layer is associated with fibro-
blastic proliferation and contraction, leading to stricture
formation. In addition, oesophagitis decreases LES tone,
which leads to further reflux and mucosal inflammation.
Clinical signs associated with oesophagitis are depend-
ent on the severity of inflammation, extent of oesopha-
geal involvement and type of injury. Early clinical signs
can be easily missed by owners, but progressive clinical
signs include dysphagia, odynophagia, regurgitation,
salivation, anorexia, coughing and weight loss.

In the course of inflammatory diseases, ultrasound
findings of the gastrointestinal tract, such as wall thick-
ening, loss of definition among wall layers and mesen-
teric lymphadenopathy, can be similar to neoplastic
lesions.?® Several studies suggest that the oesophagus
and the stomach are the least common gastrointestinal
sites to be affected by a neoplastic process in cats, with
gastric tumours representing only 0.4-0.7% of all feline
neoplasias.?+26 Therefore, the presence of an oesophago-
gastric mass on abdominal ultrasound should prompt
the operator to consider non-neoplastic processes more
likely (polyps, granuloma, abscess, foreign body).?327.28
In this case, thoracic radiographs and abdominal ultra-
sound were indicative of a concurrent PPDH, and CT
allowed assessment of the anatomy and characteristics
of the oesophagogastric mass for surgical planning.

Evidence-based medicine for feline PPDH is limited
to case reports or small sample size retrospective studies;
therefore, the sensitivity and specificity of diagnostic
techniques is scarce and the superiority of medical vs
surgical management of cats with PPDH is contro-
versial.1-35713142930 In the case reported herein, the

associated oesophagogastric mass was presumed to
be the underlying cause for the clinical signs noted.
Therefore, the authors considered this patient a legiti-
mate candidate for surgical herniorrhaphy to prevent
further complications. Surgery revealed that the mass
was ulcerated. Oesophageal and gastric ulcers are con-
sidered life-threatening when left untreated as they can
extend through the muscularis and be associated with
haemorrhage and septic peritonitis.3! Oesophageal sur-
gery is associated with potentially serious complica-
tions, including stricture, dehiscence, oesophagitis,
fistula formation, infection, pyothorax and pleuritis.
This is presumably owing to several factors such as
oesophageal movement during swallowing, significant
wound tension and the presence of a segmental blood
supply to the oesophagus. Following oesophageal sur-
gery, the use of a gastrostomy tube is recommended to
decrease motion occurring at the surgical site and there-
fore facilitate mucosal healing. En-bloc resection is asso-
ciated with a good prognosis, but submucosal resection
to debulk the mass without a full resection and anasto-
mosis is considered an acceptable treatment with suc-
cessful outcomes reported with benign masses and
low-grade malignant tumours, such as leiomyomas/
low-grade leiomyosarcomas.® In a study evaluating
perioperative morbidity and outcome in dogs and cats
undergoing oesophageal surgery, the most common
lesion in cats was an oesophageal stricture, which
occurred in 3/9 patients.?8

In cats with PPDH, assessment of treatment superi-
ority and outcomes is limited to case reports or retro-
spective studies with small numbers of cases. Cats may
present with clinical signs related to the gastrointesti-
nal and respiratory tracts, including regurgitation,
vomiting, dysphagia, anorexia, weight loss or respira-
tory distress.!710111416 Medical and surgical recommen-
dations are dictated by the severity of the patient’s
clinical signs, diagnostic findings and the clinician’s
preference. While a retrospective study in cats with
hiatal hernias reported a longer survival time for those
treated medically,®® another report revealed no signifi-
cant differences in long-term survival rate between dogs
and cats with PPDH that were managed either medically
or surgically.3 Several studies suggest that cats with clini-
cal signs attributable to PPDH are candidates for surgi-
cal herniorrhaphy, with one study reporting resolved
clinical signs in 29/34 (85.3%) animals.!® Previous stud-
ies in animals with PPDH undergoing herniorrhaphy
reported a mortality rate of 5-14% in the first couple of
weeks after surgery, and an overall good prognosis for
return to normal function.!*> Perioperative complica-
tions are thought to be associated with reduction of
the herniated viscera resulting in re-expansion
pulmonary oedema, or the liberation of endotoxin or
free radicals following reperfusion of hepatic paren-
chyma that had undergone long-standing compromised
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haemoperfusion.!? However, none of the patients in
those studies underwent the combination of a hernior-
rhaphy with concurrent resection of an oesophago-
gastric mass.!3>11

This case report has several limitations. Although
combined clinical signs and imaging findings provided
sufficient indication for surgical intervention, an oesoph-
agogastroscopy could have been performed beforehand
to visualise the luminal surfaces of the upper digestive
tract and collect superficial biopsies of the oesophago-
gastric mass. The authors believe that this potential
limitation did not affect the overall outcome for the man-
agement of this case as it is unlikely that this lesion
would have resolved with medical management alone.
Moreover, superficial endoscopic biopsy results could
have been inconclusive or would have provided com-
parable results and led to similar therapeutic recom-
mendations. Special staining methods such as periodic
acid—Schiff stain or Grocott’s methenamine silver stain
could have been used to look for specific bacterial or fun-
gal organisms that could be missed on routine haema-
toxylin and eosin stain. Similarly, additional diagnostic
testing such as immunohistochemistry for detection of
intracellular feline coronavirus antigen could have also
been performed to look for evidence of feline infectious
peritonitis.

Conclusions

This is the first report of the surgical management of
an oesophagogastric mass in a cat with a concurrent
PPDH. A benign fibrous lesion should be considered a
differential diagnosis of an oesophagogastric mass in
cats with PPDH. This mass was completely excised
and the PPDH was reduced surgically. Resolution of
clinical signs was achieved until the cat was lost to
follow-up 12 months after surgery.

While medical and surgical options are debated for
the management of PPDH, symptomatic patients with
concurrent oesophagogastric mass are legitimate candi-
dates for surgical herniorrhaphy to prevent further com-
plications and sequelae. Based on this case, prognosis
can be considered good if surgical resection is complete.
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