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Abstract

Case summary A 10-year-old male neutered domestic shorthair cat was presented with a 4 month history of slow,
progressive swelling and intermittent multifocal bleeding of the distal right forepaw that progressively developed
after cephalic vein catheterisation for anaesthesia. The procedure was performed for dental calculus removal. Initial
clinical and biopsy (superficial biopsy) findings matched two differential diagnoses: progressive angiomatosis and
acquired peripheral arteriovenous fistula (AVF). AVF was suspected based on Doppler ultrasound examination that
identified multiple abnormal sinusoidal neoformed branching vessels with turbulent high-velocity flow spectrum
at the confluence of the artery and vein, and high-velocity arterialised flow in the vein. Owing to rapid and severe
progression of lesions after biopsy, the owner requested amputation of the cat’s limb. A definitive diagnosis of
acquired iatrogenic peripheral AVF was based on deep-tissue microscopical evaluation. High numbers of arterioles
and venules in superficial and deep dermis embedded in oedematous stroma were connected to dilated and
tortuous vessels with irregularly thickened walls in deep dermis and panniculus. Vasculitis and vascular thrombosis
and thickening (attributed to local hypertension) were common findings. No bone or muscular invasion were
observed. The cat was doing well 3 years after surgery.

Relevance and novel information This report describes a case of iatrogenic acquired peripheral AVF following
venous catheterisation in a cat, fully documented for the first time by a combination of clinical findings, ultrasound
imaging, complete histopathology and follow-up history.
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Figure 1 Clinical pictures of the cat. (a) At presentation the distal limb was swollen, with thick, adherent black-to-red crusts
and multifocal round ulcers. (b) Following cleaning of the leg, swelling was more evident, there were multiple ulcers and
haemorrhage was more severe in the dorsal distal carpometacarpal area

referral, the cat was in general good health, no systemic
signs were observed and general physical examination
was unremarkable with the exception of skin lesions that
consisted of moderate soft tissue swelling of distal right
dorsal carpus and foot. The skin had adherent black
crusts on the dorsum of the right paw and interdigital
spaces (Figure 1). There were no lesions on the ventral
aspect of the limb. Bleeding was easily provoked by
crust removal. Upon palpation, the affected area was
manifestly colder than the corresponding surface on the
contralateral limb. No pain, pruritus or lameness were
elicited.

Based on clinical history, presentation and lack of
response to prior therapy, the list of differential diagno-
ses included vasculitis/vasculopathy, angiomatosis, a
vascular tumour (angioma-angiosarcoma) or an arterio-
venous fistula (AVF). Microscopic examination of hair
shafts was unremarkable. No parasites or fungal ele-
ments were observed, nor were hair shape or cuticular
anomalies. Skin scrapings were negative for aetiological
agents. Wood’s lamp and fungal culture were negative
for dermatophytes.

Cytological samples obtained from swollen soft tis-
sues by fine-needle aspiration air dried and stained with
May Griinwald-Giemsa stain were characterised by
blood contamination and rare plump spindle cells (<10
cells per sample), interpreted as reactive fibroblasts.

Complete blood cell count and biochemical profiles
were unremarkable. Four 4 mm punch biopsies were
taken under general anaesthesia (pre-anaesthetic medi-
cation: 0.2 mg/kg butorphanol and 3 ng/kg dexmedeto-
midine IM; anaesthesia: 3 mg/kg propofol IV followed
by maintenance with isoflurane) from the distal forelimb
at the level of the paw and were immediately fixed in
10% neutral buffered formalin.

Microscopic lesions were similar in all biopsies.
Lesions were diffuse, severe and characterised by severe
diffuse serocellular crusting. Crusts contained keratin
scales, degenerated (karyolytic) neutrophils, serum and
erythrocytes. Severe diffuse orthokeratotic hyperkerato-
sis was present in conjunction with severe diffuse epi-
dermal irregular hyperplasia and multifocal erosions
and dermal haemorrhages underneath multifocal epi-
dermal ulcers. Variably severe spongiosis, intercellular
oedema and mild neutrophilic exocytosis were visible.

Capillaries in the superficial and mid-dermis were
multifocally occluded by fibrin thrombi or were highly
reactive with plump endothelial cells with prominent
nuclei and thickened walls. Angiogenesis and fibropla-
sia were diffusely present and variably severe in the
superficial and mid-dermis. Fibrinoid and necrotising
leukocytoclastic vasculitis was multifocally observed.

In the deep dermis at the limit of one of the four biop-
sies an increased number of vessels, grouped reactive
proliferating capillaries and extensive large irregular
vessels were locally present.

Microscopic findings were limited owing to the lack
of sufficient deep tissue. Clinical signs at presentation,
and gross and microscopic lesions were still compatible
either with progressive angiomatosis (PA) or an acquired
peripheral AVF and a definitive diagnosis was not con-
sidered feasible at this time on microscopic grounds.

Additional clinical evaluations were granted. Ultrasound
examination of the forelimb revealed irregular dilation of the
cephalic vein with multiple abnormal sinusoidal neoformed
branching vessels. Doppler ultrasound revealed a turbulent
high-velocity flow spectrum at the confluence of the artery
and vein, and high-velocity arterialised flow in the vein.

Following biopsy, the cat worsened rapidly over
2-3 weeks, developing pain and lameness that was
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unresponsive to anti-inflammatory therapy (meloxi-
cam 0.05 mg/kg PO). There was rapid progression of
the lesion proximally, with intense swelling spreading
from the right carpus into the antebrachium with
intensification of soft tissue swelling.

Local excision was not feasible at this point, thus
the owner opted for amputation of the affected limb
under general anaesthesia (pre-anaesthetic medica-
tion: 0.2 mg/kg methadone and 3 ng/kg dexmedeto-
midine IM; anaesthesia: 3 mg/kg propofol IV followed
by maintenance with isofluorane and infusion of
10 pg/kg/h fentanyl).

Following surgery, the entire leg was fixed in 10%
neutral buffered formalin and lesional tissues were sam-
pled. The residual leg was then demineralised in a solu-
tion of 10% hydrochloric acid and formic acid for 1 week.
Skin and deep tissues were routinely processed and
evaluated microscopically.

Microscopic findings were characterised by surface
changes similar to those of the initial biopsies. The mid-
and deep dermis and panniculus contained abnormally
elevated numbers of vessels of various calibre (Figure 2),
with dilated and tortuous profiles and with irregularly
thickened walls (Figure 3) and multifocally occluded by
fibrin thrombi (Figure 4). Vessel calibre and the occasional

Figure 3 Cat, haired skin: mid-dermis. Abnormally elevated
numbers of capillaries lined by one layer of plump reactive
endothelial cells expanding interfollicular areas and
surrounding hair follicles and adnexa. Haematoxylin

and eosin stain

presence of lamina elastica allowed the identification of
arterioles and venules among the proliferation. Deep ves-
sels were also characterised by transmural thickening of
the vasculature due to spindle-cell proliferation and col-
lagen deposition (lamination).

The wall of some vessels was characterised by inter-
and intracellular oedema and multifocal vascular lumen
occlusion. These changes were interpreted as the conse-
quence of hypertension. In adjacent dermis and pannic-
ulus, elevated numbers of plump reactive fibroblasts
and oedema were diffusely evident. The deep tissues,
and tibial and carpal bones were all evaluated at differ-
ent levels and no lesions were observed.

Follow-up was performed via email with the owner.
The cat was clinically normal 3 years after the amputa-
tion, with no recurrence of the original lesion or inci-
dence of metastatic disease.

A diagnosis of acquired iatrogenic peripheral AVF
was supported by: (1) a history of intravenous cephalic
vein catheterisation 15 days prior to the development of
Figure 2 Cat, haired skin: deep dermis. Group of newly a cutaneous and vascular 'lesion in the same ggographi-
formed vessels with predominance of capillaries lined by cal area; (2) ultrasound evidence of abnormal sinusoidal

one layer of plump reactive endothelial cells admixed with branching vessels with turbulent high-velocity flow
one arteriole (arrow). Haematoxylin and eosin stain spectrum at the confluence of the artery and vein, and
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Figure 4 Cat, haired skin: mid-to-deep dermis. Abnormal
increase of vessels characterised by multifocal mural
necrosis, micro-haemorrhage, fibrinoid-to-leukocytoclastic
vasculitis and variably occluded by fibrin thrombi.
Haematoxylin and eosin stain

high-velocity arterialised flow in the vein in the affected
limb; (3) histological findings of the lesion pre- and post-
limb amputation; and (4) complete resolution of disease
following excision.

Discussion
AVF is an uncommon vascular proliferation derived
from the abnormal direct connection between an artery
and an adjacent vein circumventing the terminal capil-
lary circulation. In humans, AVFs are generally classified
as either congenital or acquired according to their origin,
and as either cardiac or extracardiac (peripheral) accord-
ing to their site of development.'2

Congenital AVFs result from the persistence of the
embryological communication between arteries and
veins, while acquired AVFs are not present at birth and
are due to pathological events (eg, trauma, vascular
inflammation, aneurysm rupture) or iatrogenic proce-
dures (eg, haemodialysis). Cardiac congenital AVFs are
linked to a defect of atrial and ventricular septa.
Extracardiac congenital AVFs at several anatomical sites,
including hepatic, ocular, auricular, spinal and periph-
eral vascular tissues systems, have been described in
humans and animals.!-2

In veterinary medicine, most cases of AVF described
are extracardiac and acquired, and have been described in
dogs, cats and horses. Acquired AVFs are more frequently
reported in the portal and peripheral circulation.!-812-2426

Peripheral AVF of skin and subcutaneous tissues has
been most commonly described following trauma (bites,
blunt trauma, wounds) or tumour development.!>18-21
The most frequent iatrogenic cause of AVF in human
patients is the surgical anastomosis between an artery
and a vein created as vascular access for haemodialysis.
In veterinary medicine, underlying factors in AVF forma-
tion include venepuncture, catheterisation, injection of
irritant medications, repeated blood collection in canine
blood donors and surgery (eg, feline declawing).!21422

In the present case, AVF was classified as acquired
and peripheral. The AVF developed 3 weeks after an iat-
rogenic procedure consisting of cephalic vein cannula-
tion for general anaesthesia, and affected the dorsum of
the right paw and interdigital spaces. This case closely
resembles reports of AVF developing in human dialysis
patients and, to our knowledge, is the first description of
an AVF developing after venous catheterisation in a cat.

Acquired AVFs cause localised hypertension, vol-
ume overload and turbulent blood flow associated with
the direct connection of arterial and venous flows.
Shear stress activates vascular remodelling with devel-
opment of a collateral circulation characterised by pro-
gressive increase of the number and size of anastomotic
vessels.1>?” The newly formed vessel network often
provides an inadequate blood supply with additional
abnormalities, including oedema, misshapen vessels
and haemorrhage, with swelling of tissues distal to the
AVF. Clinical signs are variable depending on location
and severity of lesions.

Most common skin lesions in AVF-affected limbs are
moderate-to-severe oedema, cyanosis and hypothermia
of the area distal to the vascular abnormality. Often, crusts
and ulcers are present, provoking lameness and pain.
Sometimes a pulsating thrill associated with a continuous
murmur can be detected in the AVF area. Furthermore,
compression of the proximal artery may induce bradycar-
dia (Nicoladoni-Israel-Branham sign).!>131418

In the present case, the cat had no systemic signs and
blood tests were unremarkable. Skin lesions, including
swelling, non-healing ulcers and thick crusts on the dor-
sal aspect of the right paw and interdigital spaces, were
highly suggestive of AVFE. No lesions were observed on
the ventral surface. Murmur was not detected at auscul-
tation over the vascular anomaly and Nicoladoni-Israel-
Branham sign was negative.

Diagnosis of AVF is based on traditional angiogra-
phy with contrast media, fluoroscopic angiography,
Doppler ultrasound, contrast-enhanced CT and MRI,
and, recently, continuous-wave acoustic Doppler
examination.12-14,17,21,23,24,27,28
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In this cat, Doppler evaluation was preferred to inva-
sive procedures (angiography/fluoroscopy) or to more
expensive ones (CT and MRI) requiring general anaes-
thesia, to avoid additional catheterisation and owing to
the owner’s financial constraints. Ultrasound examina-
tion of the forelimb revealed irregular dilation of the
cephalic vein with multiple abnormal sinusoidal neofor-
med branching vessels. Doppler ultrasound revealed a
turbulent high-velocity flow spectrum at the confluence
of the artery and vein, and high-velocity arterialised
flow in the vein.

The differential diagnoses of AVF include vascular aber-
rations (angiomatosis, venous thrombosis, embolism,
aneurysm), vascular tumours (angiosarcoma, haemangi-
oma/haemangiosarcoma, lymphangioma/lymphangiosar-
coma), inflammatory or infectious diseases (eg, crushing or
penetrating wounds), lymphoedema, and Klippel-
Trenaunay-like syndrome (vascular proliferation second-
ary to deep lymphatic hypoplasia). The only major
differential diagnosis following gross clinical and micro-
scopical findings was PA. PA is aggressive with progressive
growth resulting in soft tissue destruction and phalangeal
bone lysis. Histopathology is characterised by a central cav-
ernous vessel surrounded by small, capillary-type vascular
structures. In some cases, large- or medium-sized vessels
invade dermis and subcutaneous tissue. Vessels may
resemble capillaries or may be accompanied by smooth
muscle and fibrous tissue, creating vascular structures that
resemble small arterioles and veins. These latter lesions are
referred to as arteriovenous angiomatosis.?’

AVFs, as seen in our case, do not progress rapidly, do
not invade deep tissues and are characterised by
increased numbers of thin-walled and grouped, small
vascular structures resembling venules and arterioles
in superficial-to-deep dermis. Proliferation is associ-
ated with acute vessel injury (fibrinoid hyaline depos-
its, pyknotic nuclear fragments, vascular necrosis,
haemorrhage, luminal thrombosis) but lack hard-tissue
invasion.!? The most common form of treatment of AVF
in human medicine is endovascular embolisation, and
only one case has been treated similarly in a cat. A cath-
eter is inserted into an artery and guided by imaging
towards the AVF site. Here, an embolic agent (eg, coils,
glues, balloons) is injected to close the abnormal vascu-
lar connection. Embolisation can be unsuccessful owing
to incomplete occlusion or complications (eg, bleeding,
infection, allergic reactions). Another option, most
common in veterinary medicine, is the surgical resec-
tion of AVF with or without vessel reconstruction. The
type of surgery depends on the extension and location
of AVF.12-18,20-24,3031

Prognosis of AVF depends on the size and location of
vessels involved. In the present case amputation was
considered the optimal and resolutive treatment option
because of the location and the extent of the vascular
damage, and the systemic signs (pain and lameness)

unresponsive to medical treatment. AVF excision with
angioplasty or embolisation were considered not possi-
ble owing to the extensive vascular network.

Conclusions

This case report describes an iatrogenic acquired periph-
eral AVF in a middle-aged cat following cephalic vein
intravenous catheterisation. The diagnosis of AVF was
well characterised by clinical findings, ultrasound imag-
ing and histopathology. Treatment via amputation of the
affected limb was curative.
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