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Case description
A 2-year-old spayed female domestic shorthair cat was 
referred to the Veterinary Medical Center at the Obihiro 
University of Agriculture and Veterinary Medicine with 
a 2 month history of pelvic limb ataxia, mild muscle 
tremors in the pelvic limbs, hypodipsia and poor appe-
tite. One month prior, testing had shown marked hyper-
natraemia and hyperchloraemia (sodium >180 mmol/l 
[reference interval {RI} 150–165 mmol/l]; chloride  
158 mmol/l [RI 112–129 mmol/l]), as well as negative 
feline leukaemia virus (FeLV) and feline immunodefi-
ciency virus tests. The cat was treated with fluid therapy 
and exhibited an improved appetite. 

Initial examination on presentation to the authors 
(day 1) revealed dry and dull hair coat, mild muscle 
tremors in the pelvic limbs and reduced postural reac-
tions in the pelvic limbs; notably, gait abnormality was 
difficult to evaluate because the cat was unwilling to 
walk. Laboratory investigations revealed hypernatrae-
mia (178 mmol/l), hyperchloraemia (141 mmol/l), 
hypercalcaemia (11.6 mg/dl; RI 7.8–11.3 mg/dl) and 
hyperphosphataemia (8 mg/dl; RI 3.1–7.5 mg/dl)  
(Table 1). Complete blood count was within the normal 
RI. The cat’s serum osmolality, calculated with the 

formula (2[Na+] + glucose + blood urea nitrogen),1 was 
high (372 mOsmol/kg; RI <330 mOsmol/kg). The cat 
did not exhibit polyuria, and urinalysis revealed hyper-
sthenuria (specific gravity 1.058). Thicknesses of both 
the left and right adrenal glands, measured using ultra-
sound, were within normal limits (left: 3.3 mm; right: 3.8 
mm). The differentials for hypernatraemia included 
pure water loss (eg, heatstroke, diabetes insipidus, inad-
equate access to water and primary hypodipsia), hypo-
tonic fluid loss (eg, gastrointestinal fluid loss, kidney 
dysfunction, diuresis and burns), or excess sodium gain 
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Abstract
Case summary A 2-year-old neutered female domestic shorthair cat presented with a history of hypodipsia, 
recurrent hypernatraemia, pelvic limb ataxia and tremor. The serum arginine vasopressin level was low for the 
serum osmolality. MRI of the brain revealed a failure of separation of the cerebrum, which manifested as absence 
of the rostral part of the corpus callosum, fornix and septum pellucidum, thus resulting in a single fused ventricle. 
The diagnosis was lobar holoprosencephaly with hypodipsic hypernatraemia.
Relevance and novel information To our knowledge, this is the first description of the MRI characteristics of lobar 
holoprosencephaly in a cat. This report suggests that MRI examination should be considered for precise diagnosis 
of hypodipsic hypernatraemia in young cats.
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(eg, excessive sodium intake, hyperaldosteronism and 
hyperadrenocorticism). For the cat described in this 
report, primary hypodipsia was suspected as the most 
likely cause of hypernatraemia. The owner then refused 
further investigation for several weeks, and feeding with 
a water-enriched canned food diet was instructed.

Follow-up examination was performed on day 51.The 
plasma sodium concentration was 170 mmol/l; there-
fore, the patient’s serum osmolality was apparently high 
(>340 mOsmol/kg). The serum arginine vasopressin 
(AVP) level was considered low (1.1 pg/ml) for the 
serum osmolality, based on the results of a previous 
study.2 Because primary hypodipsia was suspected for 
the present case, brain MRI was performed for further 
investigation, with a 0.4 Tesla open magnet (APERTO 
Lucent; Hitachi Medical Systems). The imaging protocol 
included T2-weighted images in transverse, sagittal and 
dorsal planes; T1-weighted images before and immedi-
ately after manual intravenous administration of gado-
teridol (0.1 mmol/kg; ProHance, Eisai) in transverse, 
sagittal and dorsal planes; T2-weighted fluid attenuated 
inversion recovery images; and T2*-weighted images in 
transverse planes. The cranial portion of the corpus cal-
losum (CC), including the rostrum and genu, was absent, 
whereas the body and splenium were present (Figure 1). 
The fornix and septum pellucidum were also absent, 
resulting in a single fused forebrain ventricle (Figure 2). 
The olfactory bulbs were hypoplastic. On transverse 
images, the lateral ventricles revealed upturned and 
pointed corners (Figure 3). The cingulate gyri were well 

separated, while the most rostroventral portion of the 
frontal neocortex was not separated. On the basis of the 
imaging findings, symptoms and clinical signs, the diag-
nosis was lobar holoprosencephaly (HPE) with hypo 
dipsic hypernatraemia. The owner was instructed to 
continue feeding water-enriched canned food, and the 
cat remained clinically healthy and showed normal 
activity, with the exception of a mild gait abnormality, at 
the time of writing of this report, 3 months after 
diagnosis.

Discussion
HPE is a congenital brain malformation that results from 
failure of the prosencephalon to sufficiently divide into 
two cerebral hemispheres; it is the most common malfor-
mation of the prosencephalon in humans.3,4 The incom-
plete separation of the cerebral hemispheres results in 
incomplete cleavage or non-separation of midline struc-
tures. HPE is classified into four types (alobar, semi-lobar, 

Table 1 Blood chemistry findings

Parameter Measured value RI

Day 1 Day 51

Total protein (g/dl) 8.2 7.7 5.9–8.5
Albumin (g/dl) 3.0 – 2.2–4.0
Alanine aminotransferase 
(U/l)

64 – 12–130

Aspartate transaminase (U/l) 9 – 0–48
Alkaline phosphatase (U/l) 30 – 14–111
Gamma glutamyltransferase 
(U/l)

0 – 0–1

Total cholesterol (mg/dl) 148 – 65–225
Glucose (mg/dl) 130 – 74–159
Blood urea nitrogen (mg/dl) 24 – 16–36
Creatinine (mg/dl) 1.5 – 0.8–2.4
Sodium (mmol/l) 178 170 150–165
Potassium (mmol/l) 4.1 3.4 3.5–5.8
Chloride (mmol/l) 141 136 112–129
Phosphate (mg/dl) 8 5.2 3.1–7.5
Calcium (mg/dl) 11.6 11 7.8–11.3
Arginine vasopressin (pg/ml) – 1.1 NE*

RI = reference interval; NE = not established

Figure 1 Midsagittal T2-weighted MRI image of a normal 
cat (a) and corresponding image from the present case (b). 
Arrowheads indicate the corpus callosum and the arrow 
indicates the fornix. Note the absence of the fornix and rostral 
portion of the corpus callosum, as well as the presence of 
hypoplastic olfactory bulbs, in the present case
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Figure 2 Dorsal T2-weighted image at the level of the corpus callosum of a normal cat (a) and corresponding image from the 
present case (b). The arrowhead indicates the corpus callosum. The lateral ventricles are not separated in the present case (arrow)

Figure 3 Transverse T2-weighted images at levels immediately (a) rostral or (b) caudal to the interthalamic adhesion of a 
normal cat and (c,d) corresponding images from the present case. The lateral ventricles were abnormally fused (arrow), and 
demonstrated upturned and pointed corners (arrowheads)
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lobar and middle interhemispheric variants), depending 
on the degree of severity.3,4 In the most severe form –  
alobar HPE – there is a near-complete lack of separation 
of the cerebral hemispheres. Although the distinction 
between semi-lobar and lobar HPE is poorly defined, the 
anatomical characteristics of lobar HPE in humans 
include relatively well-developed and separated cerebral 
hemispheres with only rostroventral portions non-sepa-
rated, absence of the CC in the affected region (typically 
rostrum and genu), rudimentary formation of the frontal 
horns, a fully formed third ventricle and hypoplastic 
olfactory bulbs.4 The imaging findings of the cat in the 
present report were consistent with the characteristics of 
lobar HPE in humans.

To our knowledge, this is the first report of feline HPE 
presenting as an isolated disorder. Reports of HPE in 
cats have been limited to three cases with severe concur-
rent malformation or disease: a kitten with malforma-
tion caused by teratogenesis,5 a pair of conjoined kittens,6 
and a cat with concurrent pure red cell aplasia and FeLV 
infection.7 In dogs, the clinical and MRI characteristics of 
lobar HPE have been described, although the term HPE 
is not typically used (eg, CC abnormalities).8–12 Reported 
imaging findings such as absence of the rostral CC, sep-
tum pellucidum and fornix, as well as non-separated 
ventral frontal lobes, are similar to those of the cat in the 
present report. However, contrary to the present case, 
non-separation of cingulate gyri has been identified in 
almost all cases of HPE in dogs.8 Several genetic muta-
tions that are causative for HPE have been found in 
humans.3,13 In dogs, Miniature Schnauzers and 
Staffordshire Bull Terriers appear to be predisposed to 
lobar HPE;8–12 however, the genetic causes of lobar HPE 
in dogs and cats remain unknown.

Hypodipsic hypernatraemia has been sporadically 
reported in cats: in two cases of intracranial neopla-
sia,14,15 a case of hydrocephalus,16 a case of head trauma17 
and two cases of undetermined origin.18,19 In our case, 
there were no neoplastic or traumatic causes; thus, lobar 
HPE was suspected as the cause of hypodipsic hyper-
natraemia. Hypodipsic hypernatraemia is a rare compli-
cation of semi-lobar HPE in humans.20,21 It consists of a 
defective thirst mechanism, either alone or in combina-
tion with impaired AVP release, which causes chronic 
hypernatraemia with hypodipsia and no signs of dehy-
dration. Affected patients experience no thirst sensa-
tions, regardless of plasma osmolality; importantly, they 
are never motivated to drink spontaneously. In one 
report, hypodipsic hypernatraemia was the most com-
mon clinical sign in dogs with HPE; however, serum 
AVP levels were not evaluated.8 Although no published 
RI is available for serum AVP in cats, a previous study 
demonstrated a mean AVP value of 84.6 pg/ml in water-
restricted cats.2 In addition, an AVP concentration of 1.1 
pg/ml in one cat was considered low and aided in the 

diagnosis of central diabetes insipidus.22 Based on the 
results of these reports, the serum AVP level of the cat in 
this report was low (1.1 pg/ml), given the high serum 
osmolality. This can be explained by impaired func-
tion of hypothalamic osmoreceptors, which control 
thirst and vasopressin secretion, as observed in human 
patients with neurogenic hypernatraemia.20,21,23

Although it is suspected that HPE is associated 
with a defect in hypothalamic osmoreceptors, little is 
known about the relationship between abnormal 
development of the CC and dysfunctional osmoregula-
tion. There have been two reported cases of hypodipsic 
hypernatraemia in cats with very similar clinical charac-
teristics to the cat in our case. One was a 7-month-old 
domestic shorthair cat with hydrocephalus.16 In that 
report, the diagnosis of hydrocephalus was made based 
on a computed tomographic study; however, it may be 
difficult to clearly differentiate lobar HPE from hydro-
cephalus without an MRI study. The other cat was a 
4.5-year-old domestic shorthair cat with primary hypo-
dipsia of unknown origin.19 The cat in that report under-
went no imaging study, but the author suspected 
malformation of the CC or prosencephalon. In humans 
and dogs, hypodipsic hypernatraemia associated with 
HPE has an excellent prognosis with appropriate man-
agement;11,12,20 therefore, early definitive diagnosis with 
MRI should be recommended for cats with hypodipsic 
hypernatraemia.

Conclusions
This is the first report of the MRI characteristics of lobar 
HPE in a cat with hypodipsic hypernatraemia. Lobar HPE 
should be considered as a differential diagnosis for young 
cats with hypodipsic hypernatraemia. The MRI character-
istics described in this case were relatively similar, although 
not identical, to those of lobar HPE in humans and dogs.

Acknowledgements The authors would like to thank 
Hisao Inukai for supportive care of the patient at the referral 
animal hospital.

Conflict of interest The authors declared no potential con-
flicts of interest with respect to the research, authorship, and/
or publication of this article.

Funding The authors received no financial support for the 
research, authorship, and/or publication of this article.

References
 1 Dugger DT, Mellema MS, Hopper K, et al. Comparative 

accuracy of several published formulae for the estimation 
of serum osmolality in cats. J Small Anim Pract 2013; 54: 
184–189.

 2 Brown BA, Peterson ME and Robertson GL. Evaluation of the 
plasma vasopressin, plasma sodium, and urine osmolality 



Shimbo et al 5

response to water restriction in normal cats and a cat with 
diabetes insipidus. J Vet Intern Med 1993; 7: 113.

 3 Raam MS, Solomon BD and Muenke M. Holoprosen-
cephaly: a guide to diagnosis and clinical management.  
Indian Pediatr 2011; 48: 457–466.

 4 Hahn JS and Barnes PD. Neuroimaging advances in holo-
prosencephaly: refining the spectrum of the midline mal-
formation. Am J Med Genet C Semin Med Genet 2010; 154: 
120–132.

 5 Scott FW, LaHunta A, Schultz RD, et al. Teratogenesis in 
cats associated with griseofulvin therapy. Teratology 1975; 
11: 79–86.

 6 Summers BA, Cummings JF and de Lahunta A. Veterinary 
neuropathology. St Louis, MO: Mosby, 1995, pp 68–94.

 7 Southard TL, Rodriguez-Ramos Fernandez J, Priest H, et al. 
Holoprosencephaly and pure red cell aplasia in a feline 
leukaemia virus-positive kitten. J Comp Pathol 2016; 154: 
239–242.

 8 Gonçalves R, Volk H, Smith PM, et al. Corpus  
callosal abnormalities in dogs. J Vet Intern Med 2014; 28: 
1275–1279.

 9 Sullivan SA, Harmon BG, Purinton PT, et al. Lobar holo-
prosencephaly in a Miniature Schnauzer with hypodipsic 
hypernatremia. J Am Vet Med Assoc 2003; 223: 1783–1787.

 10 Shimokawa Miyama T, Iwamoto E, Umeki S, et al.  
Magnetic resonance imaging and clinical findings in a 
miniature Schnauzer with hypodipsic hypernatremia.  
J Vet Med Sci 2009; 71: 1387–1391.

 11 Jeffery ND, Watson PJ, Abramson C, et al. Brain mal-
formations associated with primary adipsia identified 
using magnetic resonance imaging. Vet Rec 2003; 152: 
436–438.

 12 MacKillop E. Magnetic resonance imaging of intracra-
nial malformations in dogs and cats. Vet Radiol Ultrasound 
2011; 52: S42–S51.

 13 Roessler E and Muenke M. The molecular genetics of holo-
prosencephaly. Am J Med Genet C Semin Med Genet 2010; 
154: 52–61.

 14 Miller RL, Bell R, Matiasek K, et al. Neuroendocrine pitu-
itary macroadenoma of a cat presenting with primary 
adipsia and hypernatraemia. JFMS Open Rep 2015; 1: 
2055116915589838.

 15 Morrison JA and Fales-Williams A. Hypernatremia associ-
ated with intracranial B-cell lymphoma in a cat. Vet Clin 
Pathol 2006; 35: 362–365.

 16 Dow SW, Fettman MJ, LeCouteur RA, et al. Hypodip-
sic hypernatremia and associated myopathy in a hydro 
cephalic cat with transient hypopituitarism. J Am Vet Med 
Assoc 1987; 191: 217–221.

 17 Weingart A, Gruber AD, Kershaw O, et al. Disturbances of 
water metabolism in two dogs and one cat with central 
nervous system disorders. Schweiz Arch Tierheilkd 2013; 
155: 463–469.

 18 Hadley HS and Cuddon PA. What is your neurological 
diagnosis? J Am Vet Med Assoc 2008; 233: 39–41.

 19 Bach J and Claus K. Primary hypodipsia in a cat with 
severe hypernatremia. J Feline Med Surg 2014; 16: 240–242.

 20 Javad H, Al-Yarubi S, Chacko AP, et al. Semilobar holo-
prosencephaly with neurogenic hypernatraemia: two new 
cases. Sultan Qaboos Univ Med J 2013; 13: E463–E466.

 21 Savasta S, Chiapedi S, Borali E, et al. Holoprosencephaly 
with neurogenic hypernatremia: a new case. Childs Nerv 
Syst 2008; 24: 139–142.

 22 Simpson CJ, Mansfield CS, Milne ME, et al. Central diabe-
tes insipidus in a cat with central nervous system B cell 
lymphoma. J Feline Med Surg 2011; 3: 787–792.

 23 Komatsu H, Miyake H, Kakita S, et al. Hypoplasia of the 
corpus callosum associated with adipsic hypernatremia 
and hypothalamic hypogonadotropinism: a case report 
and review of the literature. Pediatr Int 2001; 43: 683–687.




