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Introduction
Flat-chested kitten syndrome (FCKS) is a pathological 
condition mainly reported in oriental breeds, notably 
Burmese and Bengal cats. In these breeds, deformities of 
the thoracic wall are described in 3–4% and 5% of kittens 
born, respectively,1,2 sharing some familial bloodline ori-
gins. However, thoracic deformities can be considered to 
be of multifactorial origin.1 FCKS is characterised by a 
reduction in the thoracic dorsoventral diameter, giving a 
‘flattened’ appearance of the thorax without bone defects 
or deviations. It differs from pectus excavatum in which 
the narrowed thoracic profile is caused by a sternebral 
deviation.3 Kittens are often referred for dyspnoea, suck-
ling problems, failure to gain weight, reduced activity 
and lethargy. The disease is reported to be fatal in 50–
60% of cases;1,4,5 however, spontaneous resolution is 
sometimes reported within hours to days,1 with no more 
evidence of flattening. The etiopathogenesis is not clear, 

but several possible causes have been suggested. A myo-
pathy of diaphragmatic and intercostal muscles may 
pave the way for this condition when combined with the 
elasticity of the neonatal skeletal system.1 Taurine has a 
role in neuromuscular tissue functionality, and a link 
between its tissue concentrations and the onset of FCKS 
is still debated.1,6 FCKS was more often diagnosed in kit-
tens from dams with a taurine-depleted diet,6 but in 
affected Burmese kittens, higher concentrations of tau-
rine in circulating blood were found.1 Therefore, the real 
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Abstract
Case summary  Two 18-day-old domestic shorthair kittens presented with dyspnoea, mild cyanosis, heart murmur, 
lung pattern, abnormal crawling and a marked dorsoventral flattening of the thorax. Deformity of the thoracic wall 
without pectus excavatum was diagnosed. Cardboard corsets tailored to each kitten were applied. This gave 
immediate respiratory relief, easing distress and pain. After 10 days, clinical and radiographic monitoring revealed 
normalisation of the shape of the chest wall with an improvement in general condition. At 6 months of age, clinical 
examination showed normal growth and development of both kittens, with a normal thoracic profile and shape also 
seen on radiographs.
Relevance and novel information  Data about flat-chested kitten syndrome and its aetiopathogenesis, treatment and 
outcome are scarce, but there is significant experience among breeders that is shared through online communities. 
High mortality rates are reported. The use of a cardboard splint appears to be novel in the published literature; in 
this case report, it proved to be a rapid and easy solution. For this reason, cardboard splints could be considered 
as a first approach for the clinical management of flat-chested kitten syndrome.
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impact of taurine on the disease remains unclear. As has 
been described in human babies,7 chest wall bone 
deformities have been associated with a lysosomal stor-
age disease in kittens,8 with a report of rib angular 
deformities in a kitten affected by mucopolysaccharido-
sis type VII.9

To the authors’ knowledge, to date, limited peer-
reviewed literature on FCKS is available, especially 
regarding treatment and outcome. This case report 
describes the clinical aspects and treatment with card-
board corsets of two kittens affected by FCKS.

Case report
Two kittens aged 18 days were referred to the Veterinary 
Teaching Hospital (VTH) of Università degli Studi di 
Milano (Milan, Italy) for dyspnoea.

Medical history
A domestic shorthair queen gave birth to five kittens. 
Two kittens (one male and one female) died after 2 days, 
and three females survived. A post-mortem examination 
on one kitten revealed Streptococcus agalactiae and 
Staphylococcus aureus infections, and an antimicrobial 
sensitivity test was performed.

Over the first 17 days of life, two littermates (kitten 1, 
K1, and kitten 2, K2) showed progressive unsatisfactory 
suckling, occasional dysphagia, prolonged crying, ano-
rexia and lethargy. In addition, K1 showed severe dysp-
noea and was hospitalised. Chest flatness was not 
detected at this time by the attending veterinarian in any 
of the kittens.

Clinical examination
Before physical examination, K1 required overnight hospi-
talisation with oxygen delivered via face mask On exami-
nation, both kittens had a normal body weight for their 
age, although slightly less than the other surviving litter-
mate (K1: 265 g, K2: 255 g, other littermate: 287 g), normal 
neonatal reflexes for age, normothermia, mild cyanosis, 
severe (K1) and mild (K2) dyspnoea, tachycardia and 
tachypnoea, and occasional crying. Discomfort and pant-
ing were also seen when the kittens were placed on an 
examination surface and they were reluctant to crawl cor-
rectly. Auscultation revealed severe (K1) and mild (K2) res-
piratory sounds, along with a systolic basal heart murmur 
graded 3/6 (K1) and 1/6 (K2). Through palpation, severe 
(K1) and moderate (K2) dorsoventral thorax flattening 
with profile deformity was detected, while no abnormali-
ties were detected during abdominal palpation in both kit-
tens. In addition, mild ventral thorax skin scrapes were 
observed in K2 and mild sialorrhoea in K1.

Diagnostics
Thoracic radiographic examinations of both kittens were 
performed (Figure 1): subjective reduction in the 

dorsoventral diameter of the thorax was visible, the ribs 
were parallel to each other and the rib cage assumed a 
barrel shape on the ventrodorsal view. Frontosagittal 
and vertebral indices were measured (FSI and VI, respec-
tively) (Table 1), and values obtained were consistent 
with thoracic deformity.10 There were also areas of 
increased lung opacity with faint air bronchograms 
along the ventral aspect of the cranial and medial lung 
lobes. These changes were more severe in K1 and con-
sistent with pneumonia.

Treatment
To avoid putting weight on the deformed thorax, and to 
possibly pursue a correction of the thoracic wall profile, 
a corset derived from cardboard tubes was tailored for 
each kitten, slightly modified from what has been 
described for puppies.11 A C-shaped corset was built and 
covered with medical cotton to protect the skin. It was 
then covered with medical tape (Figure 2), applied and 
covered with elastic gauze (Self Fix; Pic Solution) (Figure 
3). To avoid displacement while crawling, a spica band-
age was applied (Figure 4). These corsets were light and 
allowed a space of approximately 1 cm between the ven-
tral thoracic wall and the corset, distributing the body 
weight and preventing the kitten from loading its entire 
body weight on the ventral thoracic wall. This, and the 
space left, allowed a better expansion of the thorax dur-
ing respiratory dynamics. A few minutes after applica-
tion, both kittens showed general improvement with 
better viability, attempts at crawling, regularised respira-
tory rates and vigorous suckling behaviours.

According to the radiographic lung pattern suggest-
ing pneumonia and based on the antimicrobial suscep-
tibility test performed on the dead littermate, K1 was 
treated with antibiotics (amoxicillin + clavulanic acid 
25 mg/kg q12h PO). In addition, a multivitamin sup-
plement (Nutribound; Virbac) was prescribed to both 
kittens (1.5 ml per kitten/day for 15 days).

Clinical follow-up
Over the first 14 days of follow-up, a daily update with 
data, photos and videos was requested to assess the 
general status of the kittens. Details of respiratory con-
ditions such as cyanosis, dyspnoea, respiratory efforts 
and daily weight gain of both kittens were also 
requested. However, on day 5, the owners spontane-
ously decided to remove the corsets at home. This led to 
a relapse of the clinical signs a few hours later, so the 
patients were promptly brought back to VTH, where the 
corsets were reapplied. At 11 days after the first consul-
tation, a clinical examination at VTH showed good gen-
eral condition, a steady increase in body weight, and 
normal growth and development of both kittens accord-
ing to their age and when compared with the other nor-
mal littermate. The heart murmur had also improved 
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Figure 1  Lateral and ventrodorsal (VD) views of kitten 1 (K1) and kitten 2 (K2) at presentation

Table 1  Radiographic FSI and VI measurements at presentation and follow-ups in kitten 1 (K1) and kitten 2 (K2)

FSI VI

Normal values10 0.7–1.3 12.6–18.8
Presentation K1 1.9 10.9

K2 2 10
Follow-up at 11 days K1 1.8 11.3

K2 1.7 10.4
Follow-up at 47 days K1 1 14

K2 1.2 14.5
Follow-up at 6 months of age K1 0.9 18

K2 1 15.5

FSI = frontosagittal index; VI = vertebral index
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(1/6 in both kittens), and no respiratory noises were 
detected. Palpation revealed a clear improvement of the 
thoracic wall shape, while radiographic examination 

showed a progressive reduction of the lung opacity 
(Figure 5). At the age of 1 month, the corsets were 
removed to facilitate proper walking.

Over the following month, email follow-ups were 
required every 3 days to ensure the kittens were devel-
oping normally without relapsing, until a subsequent 
follow-up visit when clinical and diagnostic examina-
tions were performed (Figure 6).

At 6 months of age, a complete clinical examination 
of both kittens confirmed normal thoracic morphology, 
body weight (K1: 2.4 kg, K2: 1.9 kg, normal littermate: 
2.4 kg) and development. Thoracic radiographs and 
echocardiography showed the absence of thoracic 
abnormalities and normal values of FSI and VI,10 and 
excluded echocardiographic and electrocardiographic 
abnormalities (Figure 7).

Discussion
Although rare, FCKS can impair wellbeing and the 
chance of survival in affected individuals, depending 
on its severity.1 Because of the scarce data available 
about possible treatments and outcomes, in the present 
cases, the authors chose to apply a cardboard corset. 
The corsets were modelled on those described for pup-
pies with pectus excavatum,11 and successfully cor-
rected the thoracic wall deformity. Radiographic 
evaluation and measurement of FSI and VI confirmed 
the chest deformity and the progressive normalisation 
at follow-ups.10 The kittens were admitted with differ-
ent degrees of dyspnoea, but both displayed poor gen-
eral condition, marked thoracic wall deformity and 
abnormal positioning of the body on the floor, which, 
in turn, prevented the development of normal crawling 
according to age. The authors chose not to use 
3D-printed prostheses as their first choice of treatment 

Figure 2  C-shaped corset derived from cardboard tubes 
covered with cotton and medical tape

Figure 3  Application of the C-shaped corset, covered with 
elastic gauze

Figure 4  After application, a spica bandage was applied to 
avoid displacement of the corset
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so as to provide a rapid solution and avoid the need for 
CT imaging with anaesthesia in diseased newborn kit-
tens and having to wait for the prostheses to be made. 
Most importantly, the prompt application of the corsets 
led to rapid relief of dyspnoea and improvement in 
general condition, even without the use of painkillers. 
The quick improvement observed could be the result of 
several mechanisms. First, leaving space between the 
thorax and the corset allowed better pulmonary expan-
sion with more efficient respiration, improving general 
condition. Second, with the same mechanism, the pain 
due to the body weight load on the thorax, though dif-
ficult to evaluate objectively, was probably relieved by 

the corsets. The more severe dyspnoea in K1 could also 
be attributable to heart deviation, in turn caused by the 
abnormal compression of the chest, which might have 
impaired oxygenation, as previously reported.12,13 Even 
if a possible spontaneous recovery without corset appli-
cation cannot be excluded, the relapse of the clinical 
signs when the owners removed the corsets 5 days after 
application and their disappearance after corset reap-
plication suggests the effectiveness of the corset. The 
great improvement of the thoracic wall profile after 
only 10 days of corset application underlines the strong 
plasticity of the neonatal skeletal system. This can be 
responsible for the rapid onset of the disease, but on the 

Figure 5  Clinical follow-up 11 days after treatment: lateral and ventrodorsal (VD) views of kitten 1 (K1) and kitten 2 (K2)
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other hand explains the quick improvement of the tho-
racic profile observed.

The follow-ups at 47 days after treatment and at 6 
months of age confirmed the normalisation of the tho-
racic wall profile and the absence of congenital heart dis-
eases. Impaired systolic function, in particular of the 
right ventricle, pericardial effusion and malignant ven-
tricular arrhythmias were also ruled out.

Conclusions
Corsets derived from cardboard tubes could be consid-
ered a handy, easy and cheap first-step approach for the 
rapid management of kittens affected by FCKS, espe-
cially in emergency care, alongside  supportive therapy. 
The successful outcome also suggests that cardboard 
corsets could be useful tools for the correction of FCKS in 
cases not complicated by pectus excavatum.

Figure 6  Clinical follow-up 47 days after treatment: lateral and ventrodorsal (VD) views of kitten 1 (K1) and kitten 2 (K2)
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Figure 7  Follow-up at 6 months of age: lateral and ventrodorsal (VD) views of kitten 1 (K1) and kitten 2 (K2)
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