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Introduction: Hemorrhagic transformation (HT) is a known complication of 
human ischemic cerebrovascular accidents (CVAs), resulting from blood–brain 
barrier disruption and reperfusion. This report describes the magnetic resonance 
imaging (MRI) features of a clinically suspected HT after ischemic CVA in a dog.

Case presentation: An eight-year-old spayed female mixed-breed dog 
presented with peracute onset of left-sided forebrain clinical signs. A brain 
MRI, performed within 12 h from the onset of clinical signs, revealed a large 
area of restricted diffusion, almost undetectable in the other MRI sequences, 
encompassing the vascular territory of the left middle cerebral artery, suggesting 
a peracute ischemic CVA. In the subsequent 24 h, the dog showed severe 
clinical deterioration, suggesting brainstem involvement. A 40-h follow-up MRI 
revealed an extensive area of signal void on Susceptibility-Weighted Imaging 
in the same vascular territory, with severe mass effect, indicating HT of the 
previous ischemic CVA.

Discussion: Rapid and severe clinical deterioration in a dog previously 
diagnosed with ischemic CVA should raise suspicion of HT and warrant further 
MRI evaluation.
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Introduction

Cerebrovascular accidents (CVAs) in dogs are broadly divided into two groups: ischemic 
(due to occlusion of a cerebral blood vessel by a thrombus or embolism) and hemorrhagic (due 
to the rupture of a blood vessel wall) (1).

In dogs, the direct causes of ischemic CVA include local vasospasm, hemodynamic 
impairment (i.e., anesthesia-related accidents), embolism, such as septic thromboembolism, 
embolic metastatic tumor cells, and parasitic emboli (Dirofilaria immitis) (2, 3). Common 
conditions, such as protein-losing nephropathy, hyperadrenocorticism, chronic kidney 
disease, pheochromocytoma, immune-mediated hemolytic anemia, intravascular lymphoma, 
splenic hemangiosarcoma, primary hypothyroidism, and leishmaniasis are linked to the risk 
of thrombosis in dogs (4–7). Comorbidities were identified in just over 50% of dogs, with 
hypertension, chronic kidney disease and hyperadrenocorticism being the most common 
etiologies. In almost half of cases, the cause remains unknown, similar to CVA of undetermined 
cause (cryptogenic CVA) in humans (6–8).
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Intracerebral hemorrhage could be caused by rupture of congenital 
vascular anomalies (9–11), primary and secondary brain tumors (12–
14), coagulopathies secondary to Angiostrongylus vasorum infection or 
von Willebrand factor deficiency (9, 15, 16), cerebral amyloid 
angiopathy (16), inflammatory disease of arteries and veins (necrotizing 
vasculitis) (17), iatrogenic causes, trauma (18–20), and hemorragic 
transformation (HT) of ischemic CVA (18). Spontaneous vessel 
rupture is rare in dogs (21, 22). In humans, HT of an ischemic CVA is 
a well-known complication associated with increased morbidity and 
mortality, occurring in 10–40% of patients as a sequela to ischemic 
CVA (18). Hemorrhagic transformation of an ischemic CVA can occur 
in human patients treated with tissue plasminogen activator, a 
treatment used to promote reperfusion of an ischemic CVA by 
degrading fibrin-based blood clots (21–23). Additionally, delayed 
reperfusion after ischemic CVA can increases the likelihood of HT and 
worsens CVA outcomes (19). Disruption of the blood brain barrier 
(BBB) caused by the ischemic CVA and cerebral blood flow restoration 
of the ischemic parenchyma, play an important role in the HT (21). 
Depending on the extent of BBB damage, HT ranges from petechial 
hemorrhages to large parenchymal hematomas with mass effect. The 
gray matter (GM) is more susceptible due to its higher capillary density. 
In humans, the diameter of the affected blood vessel and the size of the 
ischemic territory increase the risk of HT of an ischemic CVA (23–25).

Hemorrhagic transformation of an ischemic CVA is poorly 
documented in dogs, with one case report describing a suspected 
spontaneous early hemorrhagic transformation of multiple ischemic 
CVAs secondary to primary splenic torsion in a German Shepherd 
dog (26).

The aim of this case report was to describe clinical signs and 
diagnostic findings of HT of an ischemic stroke in a dog based on 
repeat MRI 40 h apart, in relation to the evolution of the clinical signs.

Case presentation

An eight-year-old spayed female mixed-breed dog presented with 
a peracute onset of intracranial clinical signs. Nine hours before the 
presentation, the dog showed signs of losing balance, falling to the 
right-side, having a left head turn, circling to the left, bumping into 
obstacles, and right-sided spontaneous knuckling noticed by the owner. 
Neurological examination revealed a disoriented mental status, left 
pleurothotonus, compulsive gait with left wide circling, mild right-sided 
ambulatory hemiparesis, and occasional right-sided knuckling. Postural 
reactions were absent on the right thoracic and pelvic limbs. Further, 
the dog displayed a lack of menace response with intact palpebral reflex 
in the right eye with marked nasal and facial sensation reduction on the 
right side. These findings were consistent with a left-sided forebrain 
neuroanatomical localization. Based on the peracute onset and 
lateralizing neurological signs, a CVA was the primary differential 

diagnosis, with neoplastic or inflammatory disease considered less 
likely. Hematology and serum biochemistry results were unremarkable.

Diagnostic evaluation, follow-up, and 
outcome

Within 12 h of the onset of the clinical signs, high-field MRI (1.5 
Tesla, Vantage Elan, Canon Medical Systems Europe B.V., Zoetermeer, 
the Netherlands) was performed on the dog’s brain under general 
anesthesia. The MRI study included the following sequences: sagittal 
and transverse fast spin echo (FSE) T2-weighted [T2w, Time of Echo 
(TE) = 87 ms; time of repetition (TR) = 3,460–5,292 ms; slice 
thickness (ST) = 3 mm]; transverse and dorsal FSE T1-weighted (T1w, 
TE = 11 ms; TR = 475–505 ms; ST = 3 mm) before and after 
administration of paramagnetic contrast medium (0.1 mmol/kg 
gadoteric acid); transverse T2w fluid-attenuated inversion recovery 
(T2-FLAIR, TE = 108 ms; TR = 8,000 ms; inversion time = 2,200 ms; 
ST = 3 mm); transverse susceptibility-weighted imaging (SWI; 
TE = 35 ms; TR = 44 ms; ST = 1 mm); and transverse diffusion-
weighted imaging (DWI, TE = 94 ms; TR = 4,288 ms; b-value = 1,000; 
ST = 3 mm).

The MRI study revealed a large, well-marginated intra-axial area 
of high signal intensity on DWI and corresponding low apparent 
diffusion coefficient (ADC) map values, indicative of restricted 
diffusion. The lesion was identifiable in the majority of the left cerebral 
hemisphere (frontal, parietal, temporal, and, to a lesser extent, 
occipital region) in the territory of distribution of the left middle 
cerebral artery (MCA) (Figure 1). The lesion affected both (GM) and 
white matter (WM). No contrast enhancement or mass effect was 
observed. The lesion was undetected in the other sequences except for 
a small, focal, subtle T2-FLAIR hyperintensity (compared to the 
neighboring cortical GM) in the left temporal region dorsal to the 
piriform lobe. The positive DWI signal and almost negative T2-FLAIR 
signal suggested a DWI–FLAIR mismatch, a phenomenon described 
in the first hours after stroke onset in humans (27–29). Imaging 
features were consistent with peracute ischemic CVA confined to the 
territory of the left MCA.

Cerebrospinal fluid, collected from the cerebellomedullary 
cistern, was within normal limits. To investigate any comorbidities, 
arterial non-invasive blood pressure monitoring, routine blood gas 
analysis, urinalysis (including urine protein/creatinine ratio), thyroid 
function assessment (total thyroxine and thyroid-stimulating 
hormone), and coagulation profile (prothrombin time, activated 
partial thromboplastin time, fibrinogen, antithrombin III, d-dimers, 
fibrin degradation products) were performed and showed no 
abnormalities. Additionally, radiographic evaluation of the thoracic 
cavity and abdominal ultrasound, performed conscious, were 
unremarkable. Comorbidity associated with the diagnosis of the 
ischemic CVA was not identified.

The dog was admitted and received fluid therapy (lactated ringer’s, 
dose 1 mL/kg/h) and nursing care. Over the following 24 h, the dog 
showed marked neurological deterioration (rapidly worsening mental 
status and tetraparesis leading to a non-ambulatory condition) 
progressing to a comatose state, with bilateral myosis, and absent 
vestibulo-ocular and pupillary light reflexes in both eyes. These 
findings suggested a brainstem or, less likely, more diffuse forebrain 
involvement. Development of further ischemic CVAs or an increase 
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in intracranial pressure possibly caused by HT of the previously 
identified ischemic lesion were considered the main 
differential diagnoses.

A second brain MRI study was performed approximately 40 h 
after the first one. Given that the previous MRI study revealed a 
possible vascular etiology of the clinical signs and the dog’s 
deteriorated condition, a shorter MRI protocol under general 
anesthesia was performed. Sequences included sagittal and transverse 
FSE T2w (TE = 87 ms; TR = 3,460–4,885 ms; ST = 3 mm), transverse 
DWI (TE = 94 ms; TR = 3,958 ms; b-value = 1,000; ST = 3 mm), and 
SWI (TE = 35 ms; TR = 44.4 ms; ST = 1 mm). On the second MRI 
study, the lesion was confined to the same vascular territory, the left 
MCA. Compared to the previous study, DWI sequences revealed a 
more heterogenous signal intensity due to the presence of well-defined 
intra-axial hypointense areas (Figure 2). In the same areas of DWI 
hypointensity, there was a T2w hypointense signal (compared to the 
GM), being similar in size, shape, and extent (T2w black-out effect), 
surrounded by T2w hyperintense areas. An extensive signal void was 
detected on SWI, indicating HT of most of the previously identified 
ischemic areas. Areas of restricted diffusion were still present, and a 
few areas of facilitated diffusion, indicative of vasogenic edema, 
coexisted.

Multifocal variably sized (pinpoint and larger amorphous) intra-
axial signal voids were visible in the brain parenchyma, affecting the 
GM and the GM/WM junction (cerebral cortex, particularly at the 
cingulate gyrus, right caudate nucleus, brainstem, cerebellar cortex), 
indicating multifocal intraparenchymal hemorrhages. Tubular areas 
of signal void were also detected along the sulci, suggesting vascular 
congestion. Furthermore, a severe mass effect was present, with a right 
shift of all the midline structures (falx cerebri, septum pellucidum, 
third ventricle), compression of the ipsilateral lateral ventricle, 
thalamus, and midbrain, caudal transtentorial herniation with severe 

compression of the rostral aspect of the cerebellum, and cerebellar 
herniation into the foramen magnum, with medulla oblongata 
compression (Figure 3). The patient did not recover from general 
anesthesia, so mechanical ventilation and mannitol administration 
(1 g/kg q8h) for 48 h was initiated, with neither further clinical 
deterioration nor improvement. Due to the severe neurological signs 
and the poor prognosis, the owner opted for euthanasia. Necropsy and 
histopathologic examination of the brain were not performed, in 
accordance with the owner’s decision.

Discussion

This case report describes HT of an ischemic CVA in a dog, 
identified through consecutive MRI studies performed 40 h apart. The 
dog presented with clinical signs indicative of left forebrain localization. 
Typically, forebrain lesions do not cause gait abnormalities, except 
during the first days following peracute vascular or traumatic insults 
(30), which explains the mild right hemiparesis observed in 
this patient.

The first MRI study revealed an extensive intra-axial lesion 
centered over the GM of the majority of the left cerebral hemisphere, 
and affecting also the subcortical region. The affected area showed a 
hyperintense DWI signal and corresponding low ADC map values, 
indicating restricted diffusion, typically associated with cytotoxic 
edema secondary to peracute ischemia. No signal abnormalities were 
detected in the other conventional MRI sequences, except for an 
equivocal and focal T2-FLAIR hyperintensity detected in the temporal 
cortex. In human medicine, the phenomenon of a positive DWI signal 
with a negative FLAIR signal is referred to as a “visual DWI–FLAIR 
mismatch.” This phenomenon has been extensively studied in the 
attempt to identify an imaging method to determine the onset time of 

FIGURE 1

First MRI study: dorsal and transverse DWI (A,B) and ADC maps (E,F), transverse T2w (C), T2-FLAIR (D), T1w/C (G), and SWI (H). A large area of 
hyperintense DWI signal and corresponding low ADC values is more prominent in the dorsal plane, extending from the left frontal to the parietal 
region. Only an equivocal area of T2-FLAIR hyperintensity is observed in the left temporal cortex (arrows), while in the other sequences, the lesion is 
not visualized.
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CVAs in humans with unknown onset of clinical signs, in order to 
initiate thrombolytic therapy (27–29).

DWI is highly sensitive to identify ischemic lesions even in the 
hyperacute phase of a CVA, with a 100% detection rate between 
4.5 and 6 h (28). The FLAIR-positive rate increases over time after 
onset, with fewer cases within 3 h and more after 6 h (28) although 
discordant results are reported under higher magnetic fields (29). 
The probability of FLAIR-negative results decreases by 10% every 

30 min (29). An experimental canine model study found significant 
correlation between the degree of DWI–FLAIR mismatch 
(obtained by calculating the volume of DWI-positive and FLAIR-
positive areas at different time points after induced ischemia) and 
onset time of ischemic CVA (27). The degree of DWI–FLAIR 
mismatch, transforming the binary concept of visual mismatch to 
a quantitative mismatch, allowed to detect the hyperacute state of 
ischemic CVAs with higher sensitivity compared to the visual 
mismatch (27).

In veterinary medicine, the exact onset time of ischemic CVAs is 
unknown, and the DWI–FLAIR mismatch has not been thoroughly 
investigated and may not correspond to the timing reported in 
humans. In this dog, the combination of imaging features (restricted 
diffusion, poor visualization of the lesion in the other MRI sequences, 
and possibly the degree of DWI–FLAIR mismatch) and clinical 
presentation support a relatively hyperacute phase of ischemia. The 
extension of the lesion on DWI sequences indicates impairment of the 
majority of the left MCA vascular supply. Both GM and the subcortical 
regions were affected. WM is also vulnerable to ischemia, and its 
involvement is a risk factor for unfavorable neurological outcomes and 
development of symptomatic intracerebral hemorrhage after 
thrombolytic therapy in humans (34, 35). Contrary to what is typically 
expected in ischemic CVAs, our patient experienced a rapid and 
severe worsening of clinical signs, which led to the decision to perform 
a second MRI study of the brain (7). In the second MRI study, a large 
area of signal void due to the paramagnetic effect of heme products 
was observed on SWI in the previous ischemic area, demonstrating 
HT. The extensive territory involved, including the GM and WM 
supplied by the MCA, may have played a role in the HT in this dog, 
which is described as a cause of HT in humans (23, 25, 31–33). The 
large hemorrhagic lesion and the additional intra-parenchymal 
hemorrhages detected suggest severe and diffuse damage of the BBB 
following reperfusion. Moreover, tubular signal voids along the sulci 
were detected, likely representing congested vessels due to the slow 
flow and increased deoxyhemoglobin levels.

The intra-parenchymal hemorrhage may have caused physical 
disruption of brain tissue, pressure on the surrounding regions, and 
vasogenic edema. This process may have caused a sudden increase of 
intracranial pressure, leading to cerebellar herniation and subsequent 
severe brainstem compression, thus explaining the severe and rapid 
worsening of clinical signs (18).

FIGURE 3

Sagittal T2w sequences showing the severe mass effect (including caudal transtentorial herniation and cerebellar herniation) evident in the second 
study (B), which was absent in the first study (A).

FIGURE 2

Second MRI study: dorsal and transverse DWI (A,C), dorsal and 
transverse SWI (B,E), and transverse T2w (D). A more heterogeneous 
signal intensity is evident on DWI in this study than in the first study 
due to well-defined hypointense areas. These areas correspond to 
hypointense regions of similar sizes and shapes in T2w and signal 
voids in SWI. The lesion now causes a mass effect. Additional 
parenchymal signal voids are seen in SWI in the GM and at the GM/
WM junction (e.g., right caudate nucleus in E).
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The main limitation of this case report is the lack of 
histopathological examination, which could confirm the hemorrhagic 
transformation of the ischemic CVA and rule out possible 
intracranial diseases not detected by the MRI study, such as 
underlying neoplastic lesions. In conclusion, this case report 
describes the possible transformation of an ischemic CVA into a 
hemorrhagic one, a condition that is rare in dogs. Large-scale studies 
are required to understand the risk factors of HT in veterinary 
medicine. However, when a territorial large ischemic lesion is 
identified with subsequent clinical deterioration, a follow-up MRI 
can be considered to aid in understanding of the clinical progression 
and treatment.
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