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Abstract

Objectives The aim of the present study was to report the outcome and complications associated with the treatment
of paracostal hernias in cats and to determine the prevalence of concurrent diaphragmatic hernia.

Methods A retrospective, descriptive study was conducted by reviewing the medical records of cats that underwent
paracostal hernia repair between January 2019 and January 2024. The collected data, including presentation,
clinical signs, surgical findings, blood parameters, imaging techniques used for diagnosis and postoperative
outcomes, were retrospectively reviewed. Descriptive statistical analyses were performed.

Results A total of 19 cats were included (median age 2 years, range 2 months to 10 years). Clinical signs upon
admission included tachypnoea (9/19 cats), weakness (7/19 cats) and ataxia or paralysis (4/19 cats). Radiography
was the primary diagnostic tool, identifying 89.5% of the cats with paracostal hernia. Concurrent diaphragmatic
hernias were present in 63% of the cases. Postoperative complications occurred in nine cats, including major
complications (3/19 cats) leading to immediate postoperative mortality.

Conclusions and relevance Considering the prevalence of diaphragmatic hernias observed, this study highlights
the importance of visualising the diaphragm during paracostal hernia surgery. Although major complications
resulted in early death, most patients recovered without short-term complications. These findings emphasise the
need for careful postoperative monitoring and highlight the favourable prognosis associated with paracostal hernia
repair in cats.
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An abdominal hernia can be diagnosed during
abdominal palpation; however, in most cases, diagnos-
tic imaging techniques are required. In a study on trau-
matic body wall herniation in dogs and cats, radiographs
were diagnostic or suggestive of body wall hernia in 64%
of cases, but no studies have documented the specific
accuracy of imaging techniques to diagnose paracostal
hernias.3

Introduction

An abdominal hernia is any full-thickness defect in the
abdominal wall that may allow protrusion of abdominal
contents. Hernias can be classified by their location or
whether they are spontaneous or acquired.! The most
common causes of traumatic abdominal wall hernia are
traffic accidents and animal fights, resulting in a sudden
increase in intra-abdominal pressure. Abdominal hernias
are most frequently located in the caudoventral abdomi-

nal wall and the paracostal region in cats.?

Paracostal hernias develop when the origin of the
external abdominal oblique and transversus abdominis
muscles are avulsed from their rib or costal cartilage ori-
gin. Therefore, abdominal organs herniate lateral to the
ribs or the abdominal muscles, under the subcutaneous
tissues.!
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Isolated case reports regarding paracostal hernia repair
have previously been published, but no article has exclu-
sively demonstrated its outcome in a retrospective or
prospective series in cats.*® The purpose of this retrospec-
tive study was to report the results and complications of
paracostal hernia treatment in cats, and to determine how
frequently it is associated with diaphragmatic rupture.

The authors hypothesise that the outcome of paracos-
tal hernia is generally good to excellent and that it is usu-
ally associated with diaphragmatic hernia. Our second
hypothesis is that concurrent diaphragmatic hernia will
increase the incidence of complications.

Materials and methods

Medical records from the Veterinary Hospital Center of
Saint Martin were retrospectively evaluated via a combi-
nation of keyword searches (‘abdominal hernia’, ‘para-
costal hernia” and ‘diaphragmatic hernia’) and fee code
searches for cats that had undergone surgery for para-
costal hernia repair between January 2019 and January
2024. Data collected included causal mechanism, breed,
age, sex, clinical signs upon admission to the hospital,
results of preoperative complete blood count (CBC) and
serum biochemical analyses, imaging techniques used to
diagnose the paracostal hernia, location of the paracostal
tear, presence of diaphragmatic tears, herniated organs,
surgeon’s level of training, thoracostomy tube, intraop-
erative and postoperative complications, and postopera-
tive survival time. Exclusion criteria included insufficient
information available in the medical records or regarding
the surgery and the pre- and postoperative periods.

In all cases, the paracostal hernia was approached by
midline celiotomy. The herniated organs were reduced
into the abdominal cavity, facilitating visualisation of
the paracostal hernia. The hernia was repaired using a
simple continuous suture between the muscle wall and
the last rib with polydioxanone 2-0 or 3-0 suture mate-
rial. Complications were categorised as ‘intraoperative’
if associated with a surgical event or ‘postoperative’ if
occurring after surgery. Postoperative complications were
deemed ‘major’ if considered life-threating or necessitat-
ing surgical revision. Minor complications were managed
conservatively or medically.

Short-term follow-up was defined as less than 1 month
after surgery, while mid- to long-term follow-up referred
to periods exceeding 1 month postoperatively. Mid-term
follow-up data were obtained through a review of medi-
cal records or via phone interviews with owners or refer-
ring veterinarians.

Statistical analysis

Data were summarised for age, sex, weight, breed, time
to surgery, laboratory test results, respiratory rate upon
admission, concurrent injuries, the surgeon performing
the procedure, thoracic drain placement and mortality.

The prevalence of paracostal and diaphragmatic hernias
was also described.

Results

Data were collected from the records of 19 cats, of which
10 were castrated males. Of the remaining nine cats, seven
were spayed and two were intact females. The affected
breeds included domestic shorthair (n=15), Maine Coon
(n=1), Sphynx (n=1) and Abyssinian (n=1). The median
age of the cats was 2 years (range 2 months to 10 years).
The mean weight at the time of trauma was 3.9 = 1.4kg.

Data on the cause of trauma were available for only
4/19 cats. Among these, three were hit by a car and one
was injured by dog bites. The remaining 15 were found
outside with clinical signs suggestive of trauma.

Clinical and physical examination findings upon
admission were recorded for all 19 cats. Tachypnoea (res-
piratory rate >40 breaths/min) was the most common
clinical finding (n=9, 47.3%). Weakness was observed in
seven (36.8%) cases, while ataxia or paralysis was pre-
sent in four (21%) cases. Haematuria and abdominal pain
were each present in two (10.5%) cases. Other clinical
findings included anorexia, skin wounds, haematochezia,
skin haematomas, open-mouth breathing and dyspnoea.

The median time between trauma onset and surgi-
cal intervention was 1 day (range 12h to 6 days). Nine
cats were operated on less than 48 h after trauma and the
remaining cats more than 48h after trauma.

Concurrent injuries were present in nine cats, includ-
ing concurrent fractures (n=2), neurological lesions with
secondary central neurological signs or hind limb paraly-
sis (n=5) and superficial skin wounds (n=2). Two cats
had other pathologies: cardiomyopathy (n=1) and a heart
murmur grading 3/6 (n=1) upon admission.

Radiography was the primary diagnostic tool and
allowed diagnosis of paracostal hernia in 89.5% of cases.
In most cases, radiographic images demonstrated a dis-
continuity of the abdominal wall in the area of the last
ribs, with some dead space between cutaneous and sub-
cutaneous tissues and the thoracic and abdominal wall
(Figure 1). In some of the cases, abdominal organs were
herniated into the subcutaneous space. In two cases, the
hernia was diagnosed during the abdominal ultrasound
examination. Of these two cases, one had question-
able abdominal radiographic images that justified the
ultrasound examination. In one case, the diagnosis was
established based on the CT examination performed as a
work-up of hindlimb paralysis. In 5/12 (41.6%) cases, a
diaphragmatic hernia was suspected based on the abnor-
mal position of the liver.

Abnormalities detected on blood analysis (n=10)
included anaemia (haematocrit <30%) (n=2) and hypo-
proteinaemia (total solids <6 g/dl) (n=3), increased
alanine aminotransferase activity (>97U/Il) (n=>5) and
hyperglycaemia (glucose >140mg/dl) (n=9).
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Figure 1 (a) Ventrodorsal thoracic and cranial abdominal
radiograph. The red arrow highlights a discontinuity in the
left abdominal wall associated with an area of tissue opacity
lateral to the ribs. The diaphragmatic domes are well defined
and clear, with no radiographic evidence of a diaphragmatic
hernia. (b) Right lateral thoracic and cranial abdominal
radiograph. The red arrow shows a discontinuity in the
abdominal wall behind the sternum, with an area of dense
tissue opacity ventral to the last ribs. The diaphragm is well
defined with no evidence of a diaphragmatic hernia

Lactate was measured in eight cats. Hyperlactataemia
(lactate >2.5mmol/l) was present in half of the cases
(n=4) and resolved after the administration of fluids.

Paracostal hernias were located on the right side in 10
(52.6%) cases, on the left side in five (26.3%) cases and
were bilateral in four (21%) cases. The most frequently
herniated organs were the small intestine (n=13, 68.4%),
the omentum (n=7, 36.8%), intra-abdominal fat (n=4,
21%), the liver (n=1, 5.3%), the spleen (n=1, 5.3%) and
one kidney (n=1, 5.3%).

Out of 19 cats, 12 (63.16%) had a concurrent diaphragm-
atic hernia located on the left side (n=5, 41.7%), on the

right side (n=4, 33.3%) and bilaterally (n=3, 25%). The
diaphragmatic hernia was located either on the ventral
aspect (n=>5, 41.7%) or on the dorsal aspect (n=7, 58.3%).
Of the nine cats with tachypnoea, seven (77%) had a
diaphragmatic hernia. The herniated organs within the
thoracic cavity were the liver (n=7, 58.3%), the stomach
(n=4, 33.3%), the small intestine (n=2, 16.7%), the spleen
(n=1, 8.3%) and the omentum (n=2, 16.7%). In total, 11
cats had diaphragmatic circumferential tears, and one
had a combination of circumferential and radial tears.

A total of 10 cats had a thoracic drain placed, all of
which had a diaphragmatic hernia. Drain placement
was verified by chest radiographs taken in the immedi-
ate postoperative period, with the cat under anaesthesia,
including lateral and dorsoventral views. The tube was
removed within 24h in seven cats (70%), between 24h
and 48h in two cats (20%) and after 48 h in one cat (10%).

All surgeries were performed by a certified board
specialist or a surgery resident under direct supervision,
except for one cat that underwent surgery by a surgi-
cal intern under the supervision of a third-year surgery
resident.

During postoperative management, all cats received a
Ringer’s lactate infusion (2-4ml/kg/h) until voluntary
food intake. Analgesia was provided initially with mor-
phine (0.2-0.3mg/kg IV g4h) followed by buprenorphine
(20ug/kg IM g8h) and non-steroidal anti-inflammatory
drugs (NSAIDs; meloxicam, 0.05mg/kg SC). Five cats
did not receive NSAIDs: one cat exhibited increased renal
values, two cats were anorexic and two cats were admin-
istered corticosteroids (prednisolone at 0.5-1mg/kg PO
q24h) because of concurrent neurological disorders. In
addition, two cats received maropitant (1 mg/kg IV q24h)
and one was treated with mirtazapine (3.75mg PO q72h).
Two cats required a nasoesophageal feeding tube, which
remained in place for 3 and 4 days, respectively. The
administration and duration of antibiotics beyond the
intraoperative prophylaxis period were at the clinician’s
discretion.

After hospital discharge, the decision to continue
analgesic and antibiotic treatment was clinically depend-
ent. When deemed necessary, a prescription was issued
for meloxicam (0.05mg/kg PO q24h for 5 days) and
amoxycillin and clavulanic acid (15mg/kg PO q12h for
5 days). Six cats were discharged with a prescription for
antibiotics, of which two had concurrent diaphragmatic
hernias, two had associated hindlimb fractures, one had
been bitten by a dog and one had a tail wound.

The overall postoperative complication rate was
47.3%. Major postoperative complications occurred in
three (15.7%) cats that died during the immediate post-
operative period. These three cats had a concomitant
diaphragmatic hernia. One cat experienced cardiac arrest
a few hours after surgery; it had a diaphragmatic hernia,
and re-expansion oedema was the primary suspected
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cause. The second cat died 3 days postoperatively while
it was paralysed on its hindlimbs and after developing
concurrent anaemia and jaundice. Another cat died the
night after discharge due to an unknown cause. Minor
complications were observed in the postoperative days
and were identified in six (31%) cats, including anorexia
or hyporexia (n=3), anaemia (n=1), icterus (n=1) and
wound seroma (n=1).

The median duration of hospital stay was 3.5 days
(range 1-7).

Long-term follow-up was available for 10/16 cats. The
median follow-up time was 2 years and 2 months (range
5 years to 3 months). One cat died from cholangiohepa-
titis 6 months after surgery. Another cat was euthanased
as a result of chronic enteritis 6 months postoperatively.
One cat was lost by its owner 3 months after discharge,
with no reported surgical complication noted during this
period. Of the seven remaining cats, six recovered well
without any respiratory, digestive or locomotor signs,
but one cat developed respiratory signs associated with
feline asthma.

Discussion

This study reports the clinical and diagnostic test findings
and the outcome of paracostal hernia management in 19
cats. Despite a postoperative complication rate of 47.3%,
the majority of cats recovered well.

The radiographs were diagnostic for paracostal her-
nia in 89.5% of the cases. For cats with clinical signs
in favour of paracostal hernia, radiographs can be per-
formed as a first-line diagnostic test. In cases for which
the abdominal wall rupture cannot be confirmed on
radiographs, ultrasound examination or even CT may
be necessary. Imaging findings suggestive of abdom-
inal wall rupture on ultrasound are free abdominal fluid
or gas, displaced organs and lack of continuity of the
body wall.”

The results of this study provide evidence of a signifi-
cant correlation between paracostal and diaphragm-
atic hernias. Therefore, it is essential to fully assess the
integrity of the diaphragm when performing surgi-
cal correction of a paracostal hernia. The mechanisms
involved in the development of a diaphragmatic hernia
are well studied.® The onset is often attributed to a sud-
den increase in abdominal pressure. It is very likely that
the same pathophysiological processes are involved in
cases of paracostal tear.!

Currently, there is also no consensus regarding the
optimal timing of surgical management for paracostal
hernias. Also, as highlighted by several studies, there
is no consensus regarding the timing of surgical treat-
ment for diaphragmatic hernias.?® In general, paracostal
hernias do not typically require immediate surgical cor-
rection; however, it is generally recommended that the
cat undergoes surgery as soon as possible after medical
stabilisation. In this case series, the median time from

admission to surgery was 24h. Only one case had an
indication of urgent surgical management. In that case,
herniation of the spleen was associated with secondary
active bleeding. Another potential indication for early
surgical management could be the herniation of the stom-
ach.! However, the stomach and the liver are less likely to
herniate through a paracostal tear because of their strong
paramedian attachments. In contrast, diaphragmatic her-
nias more commonly involve the stomach and/or liver
because of their close proximity. In our study, only four
cats had their stomach partially involved in the diaphrag-
matic hernia at the time of the operation. In addition,
these four cats exhibited tachypnoea.

In this study, the small intestine was the organ most
frequently herniated in the paracostal region. In cases
of concomitant diaphragmatic hernia, no small intestine
herniation into the thorax was observed.’ The intestines
are mobile within the abdomen in these cases and may
be more prone to herniate through the paracostal hernia
as the liver and the stomach may partially obliterate the
diaphragmatic hernia.

Various ways to approach abdominal hernias have
been described, including incision of the skin and subcu-
taneous tissue directly over the hernia.! However, in the
case of paracostal tears, a local incision would make it
difficult to accurately assess the diaphragm. Considering
the prevalence of diaphragmatic hernias in this study, a
midline laparotomy is recommended in cases of paracos-
tal hernias.

Although paracostal hernias generate dead space, no
cats in our study required wound drain placement. We
deemed it unnecessary, and only one cat developed a
seroma. Placement of subcutaneous drains may increase
the risk of infection.’ Systematic uses of a wound drain
in the subcutaneous space for simple paracostal hernia
repairs may not be necessary, given the low occurrence
of seroma formation.

The overall postoperative complication rate was
47.3%. Major complications occurred in 15.7% of cats
that died during the postoperative period. Of the cats,
31% experienced minor complications, mainly anorexia
or hyporexia. Although these minor complications did
not result in immediate mortality, they justified addi-
tional monitoring and treatment, extending the length of
the hospital stay and increasing the financial impact for
owners. In the present study, the two cats that exhibited
anorexia during hospitalisation had the longest hospital
stays, lasting 6 and 7 days, respectively.

The decision to prescribe antibiotics after hospital dis-
charge was based on the presence of concomitant injuries
or suspected contamination. None of the cats in this study
presented with postoperative infection. These results
support the use of a case-by-case approach to antibiotic
therapy after paracostal herniorrhaphy, as routine use of
postoperative antimicrobials may not be necessary in the
absence of risk factors for infection.
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The prognosis of paracostal hernia, whether associ-
ated with diaphragmatic hernia or not, is favourable.
Immediate postoperative mortality was only observed
in cases with diaphragmatic hernia. The perioperative
mortality rate in this study was lower than reported in
previous studies about abdominal wall herniation (80%
of survival rate).? It is comparable to rates reported for
diaphragmatic hernia, with 13.8% in the study by Gibson
et al® and 11.7% in the study by Legallet et al.?

The limitations of this study are related to its retrospec-
tive nature, with data and follow-ups that may be hetero-
geneous and incomplete, as the level of detail in medical
records varies depending on the clinician managing the
case. In addition, owner perception bias and the absence
of a validated quality-of-life questionnaire further limit
the assessment of mid- to long-term outcomes. Surgeries
were performed by different surgeons; this variability
may introduce inconsistency in outcomes. Further studies
with larger sample sizes are needed to better define the
risk factors for complications and to optimise treatment
protocols.

Conclusions

Our study highlights a significant correlation between
paracostal and diaphragmatic hernias, emphasising
the importance of evaluating the diaphragm during
paracostal hernia repair. Major complications, although
not frequent, resulted in early postoperative mortality.
However, most cases recovered without major long-term
complications.
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