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SUMMARY

We report a patient with decompensated alcoholic liver cirrhosis (Child-Turcotte-Pugh class C) who developed a de
novo left frontal cerebral AVM and a subcutaneous left temporal scalp spider naevus. Arteriovenous malformations
(AVMs) are vascular abnormalities previously thought to be congenital in nature, although new research has revealed

the potential for de novo AVM formation through a two-hit hypothesis. We propose that the oestrogen-rich environ-
ment seen in chronic liver disease could act as the second hit to allow for an angiogenic state favouring de novo AVM
development. We also postulate that spider naevi are formed through a similar mechanism and may represent early-
stage AVMs.

INTRODUCTION

An arteriovenous malformation (AVM) is defined as a
tangle of blood vessels, comprising direct connections
between arteries and veins, without an interposed a capil-
lary bed, and thus bypassing normal tissues." AVMs can
develop in any organ via angiogenesis, which is the phys-
iological and biochemical process of de novo blood vessel
formation out of existing blood vessels. This process is
mediated by multiple factors, including vascular endothe-
lial growth factor (VEGF), transforming growth factor
(TGEF-B), angio-poietin-1 and nitric oxide (NO) synthase.2
It is currently believed that angiogenesis ceases after birth
and can subsequently be reactivated only under certain
physiological circumstances (e.g, chronic hypoxia), by
certain hormones (e.g,, oestrogen), or by angiogenic stimu-
lators released by certain tumour cells.’

While AVMs have been most often regarded as congen-
ital malformations of the cerebral vasculature, there is an
increasing body of literature demonstrating that AVMs are
unlikely to be purely congenital in nature, with one theory
proposing a “second-hit hypothesis”" © The second-hit or
two-hit hypothesis suggests that an individual may have
an underlying genetic or acquired propensity to develop

AVMs,”” whereby certain insults (such as alcohol-induced
hepatic cirrhosis in this report) act to create an angiogenic
environment allowing for AVM formation. Pathologies
associated with the formation of de novo AVMs include,
in decreasing order of frequency; other vascular malfor-
mations, haemorrhagic stroke, seizures, brain tumours,
ischaemic stroke, Moya-moya disease, traumatic brain
injury, genetic syndromes, inflammatory diseases and
liver cirrhosis.” There have been two cases linking hepatic
cirrhosis and AVMs," © and two cases of spontaneous AVM
resolution post liver transplant.”'’ A recent report has also
described cerebral arterio-venous shunting as cause of
stroke in a patient with advanced liver disease."’

We report on the de novo formation of a left-sided scalp
spider naevus and a cerebral AVM in a patient with end-
stage liver cirrhosis. We explore the potential link between
chronic liver disease-induced angiogenesis, spider naevi
and AVMs. Written informed consent for the case to be
published (incl. images, case history and data) was obtained
from the patient and the patient’s next of kin.
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Attribution 4.0 International License, which permits unrestricted use, distribution and reproduction in any medium, provided the original author and source
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Figure 1. Brain MRI reveals a subacute cerebral infarct in
the left frontal white matter as evidenced by increased
signal intensity on the diffusion-weighted sequence (A) and
decreased ADC values (not shown). On the corresponding
axial TSE T,-weighted image (B) on the sagittal (C) and
coronal (D) 3D FLAIR images, along the poster margin of the
left frontal white matter infarct a serpiginous draining vein is
seen, as identified by a flow void (white arrows).

CLINICAL PRESENTATION, INVESTIGATIONS AND
DIFFERENTIAL DIAGNOSES

A 38-year-old female with known alcoholic liver cirrhosis (Child-
Turcotte-Pugh class C, decompensated liver disease) presented
to the emergency department after a witnessed generalised
tonic-clonic seizure secondary to alcohol withdrawal. She had
suffered a previous seizure during pregnancy, which had been
managed with carbamazepine for 12 months. Her liver cirrhosis
had previously been complicated by ascites, coagulopathy,

Figure 2. Cerebral digital subtraction angiogram, left internal
carotid artery injection with lateral (A) and frontal (B) projec-
tions. A left posterior frontal AVM is identified (arrow), with
an irregular calibre vein draining medially (arrowhead),
containing segments of venous narrowing (outlined arrow).
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thrombocytopenia, oesophageal varices and multiple episodes
of hepatic encephalopathy. Clinical examination showed a jaun-
diced patient with palpable hepatomegaly, palmar erythema and
multiple spider naevi across her torso. Additionally, she had
one prominent subcutaneous spider naevus in the left temporal
pre-auricular scalp region measuring 1.0 x 1.6cm in diameter.
She had no previous history of head injury. Neurological exam-
ination was normal, aside from mild nystagmus on right lateral
gaze. EEG showed no epileptiform activity.

Abdominal ultrasound examination revealed portal hyperten-
sion, reversal of portal venous flow, recanalisation of the umbil-
ical vein and splenomegaly. She had no ascites at this time, and
her vitals were otherwise unremarkable. Liver function tests
revealed a bilirubin 243 umoll™" (normal range: 3-22), alanine
transaminase 73TU1™" (normal range: 0-50), alkaline phospha-
tase 216 1UI™" (normal range: 40-150), gamma-glutamyl trans-
peptidase 151TU1™" (normal range: 0-55) and albumin 26 gl™*
(normal range: 32-45). Her platelets 56 x 10° I"! (normal range:
150-400) and her international normalised ratio was 1.8.

A Chest X-ray was unremarkable. A prior non-contrast CT brain
had been performed in 2008, following a motor vehicle acci-
dent, and was normal. There were no traumatic lesions, nor was
there evidence of an AVM or other parenchymal lesions, within
the limitations of a non-contrast CT study. During the current
admission, the patient underwent a brain MRI which revealed
a focal, sharply defined area of T2 signal hyperintensity and
diffusion restriction involving the left frontal subcortical white
matter (Figure 1), with a curvilinear flow void along the poste-
rior margin. While no associated dural venous sinus or cortical
vein thrombosis was identified, the working diagnosis of venous
infarct with associated AVM was made.

The patient went on to have a catheter cerebral angiogram
(Figure 2) which demonstrated an AVM with a 2mm nidus in
the superior margin of the left Sylvian fissure. This was supplied
via MCA branches with deep venous drainage into the left
internal cerebral vein. The draining vein was irregular in calibre
with focal strictures and dilatation, although it drained rapidly
on angiography. No associated thrombosis or occluded draining
vein was identified. In addition, the spider naevus in the patient’s
left preauricular region (Figure 3) was angiographically charac-
terised as another small AVM, with arterial blood supply via the
anterior division of the left superficial temporal artery (Figure 3).

OUTCOME, FOLLOW-UP AND DISCUSSION

The patient did not attend subsequent outpatient neurology
clinic appointments and was lost to follow-up. Two years later
she presented with an acute left frontal parenchymal haemor-
rhage likely secondary to the previously described intracranial
AVM (Figure 4) and subsequently passed away.

This paper illustrates the formation of a suspected de novo AVM,
which developed in a patient with chronic liver disease, without
any history of conditions associated with AVM development
(i.e., hereditary haemorrhagic telangiectasia, Moyamoya disease,
venous sinus thrombosis, stroke and other acquired or hereditary
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Figure 3. An area of reddish skin discoloration is visible within
the hairline in the left temporal region (A). The cerebral digital
subtraction angiogram, left external carotid artery injection,
confirms a small subcutaneous scalp AVM with superficial
temporal artery supply in the location of the AVM.

brain conditions).”” We hypothesise that the AVM formed
according to the two-hit hypothesis with hepatic cirrhosis acting
as the second hit. Only one other case of an associated scalp
AVM with a cerebral AVM has been reported.'”

Patients with advanced chronic liver disease are known to develop
peripheral systemic vascular malformations. It is tempting to
assume that peripheral and cerebral AVMs share a common set
of mechanisms and etiologic factors.” Liver cirrhosis is associated
with a high cardiac output state caused by systemic vasodilation,
resulting from increased production of NO and reduced hepatic

Figure 4. There is an acute left frontal parenchymal haem-
orrhage, which presents a similar distribution to the area of
diffusion restriction identified on MRI in 2016.

metabolism of vasoconstrictors. The mechanism is complex and,
as a consequence of increased splanchnic blood flow, leads to
portal hypertension. Oestrogen levels are increased in cirrhosis
due to reduced hepatic metabolism. Oestrogen is a powerful
vasodilator and promoter of angiogenesis as it increases local and
systemic VGEF as well as NO production.'” The combined effect
of increased blood flow and angiogenesis results in blood vessel
and arteriovenous shunt formation. This is well documented
in hepatopulmonary syndrome with platypnea-orthodeoxia,
which results in pulmonary artery vasodilation and shunting
in the basal lung fields. Berthelot et al. documented such shunts
in post-mortem lungs from cirrhotic patients finding dilated
pulmonary vessels, pleural spider telangiectasia and true arte-
riovenous fistulae.'* Systemic AVMs have also been noted in
cirrhotic patients."’

It is likely that the mechanisms outlined above, leading to the
formation of peripheral vascular malformations in cirrhotic
patients, are also responsible for the development of cerebral
arterio-venous shunts and AVMs. An intermediate stage in
the development of a cerebral AVM has been seen in this case
report,'’ where intracranial arterio-venous shunting was found
in a patient with liver cirrhosis.

Spider naevi are vascular lesions found just beneath the skin
surface, consisting of a central arteriole with outwardly radiating
blood vessels in an arachnid-like shape. They are associated with
high-oestrogen states such as pregnancy, oral contraceptive use
and liver cirrhosis.'” This patients scalp AVM clinically has the
characteristic of a spider naevus; and previous cases of giant
spider naevi could actually represent unrecognized peripheral
AVMs.' 7 If spider naevi were to be classified as an arterio-
venous shunt, then similarly, lung portosystemic shunts could
be reclassified as lung spider naevi.'* There has even been the
suggestion to create a new condition called “Hepato-Pulmonary-
Cutaneous Syndrome” "

In the patient presented here, the presence of a left temporal
scalp AVM and a left-sided cerebral AVM is unlikely to be mere
coincidence, as in a previous study describing a similar phenom-
enon.'” A causal link could be created between the presence of
spider naevi indicating peripheral angiogenesis as well as shunt
formation, and the presence of similar mechanisms within
internal organs leading to cerebral AVMs."”

In this case history, given that no MRI brain was conducted in
2008 and taking into account the relative lack of sensitivity of
non-contrast CT scans, we cannot formally exclude that the
patient may have had a congenital AVM. However, there appears
to be good circumstantial evidence for de novo formation given
the scalp AVM, interval progression of liver disease and litera-
ture documenting reversal of AVMs post liver transplantation.
As most cerebral AVMs are detected in adolescence or adults, the
question of acquired (de novo) or congenital development has yet
to be answered.

LEARNING POINTS
o Liver cirrhosis is associated with both angiogenesis and
vasodilation across multiple organ systems.
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« De novo AVMs are unlikely to be only congenital in nature and
may form through a two-hit hypothesis with cirrhosis acting
as the second hit.

o Spider naevi can be considered on the spectrum of high
flow vascular malformations that includes AVMs where the
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presence of peripheral spider naevi could represent internal
AVM formation.

o Assessment for AVMs and other vascular malformations

should be conducted in patients with liver cirrhosis where
their symptoms are unexplained by routine imaging
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