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ABSTRACT

challenges posed by such patients.

Moyamoya (MM) is a rare cerebrovascular occlusive disease affecting the terminal portion of the internal carotid artery. It can
be of primary idiopathic origin or secondary, where it is associated with other conditions such as Sickle Cell Disease (SCD).
We present the anaesthetic management of a 16 year old female with SCD and MM undergoing a cerebral revascularisation
procedure which was complicated by possible Central Diabetes Insipidus (CDI) intra-operatively. We hope to raise awareness
of this rare disorder and add to the paucity of literature describing the anaesthetic management and potential peri-operative
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Abbreviations

AVP: Endogenous Arginine Vasopressin; CDI: Central Diabetes
Insipidus; DDAVP: Deamino-8-Darginine Vasopressin; DI:
Diabetes Insipidus; MAC: Minimum Alveolar Concentration;
MM: Moyamoya; MMD: Moyamoya Disease; MMS: Moyamoya
Syndrome; SCD: Sickle Cell Disease; STA-MCA: Superficial
Temporal Artery-Middle Cerebral Artery Anastomosis; TCI;
Target-Controlled Infusion

INTRODUCTION

Moyamoya Disease (MMD) is a rare cerebrovascular condition
characterised by progressive stenosis or occlusion of the
supraclinoid internal carotid arteries. This can lead to ischaemia
and compensatory growth of small collateral vessels. The diagnosis
centres on the pathognomonic angiographic pattern of these
vessels, resembling a puff of smoke. Patients can present with
both ischaemic and haemorrhagic strokes [1]. Aetiology is unclear,
and while MMD describes the idiopathic condition, Moyamoya
Syndrome (MMS) describes those with the characteristic
vasculopathy in conjunction with a recognised associated

condition which includes haematological disorders such as Sickle

Cell Disease (SCD) [2].

In MMS secondary to Sickle Cell Disease, the proposed
pathogenesis involves impaired cerebral autoregulation and
chronic vascular injury from sickling of red blood cells, resulting
in intimal hyperplasia and stenosis [3]. Approximately 11% of
children with untreated SCD develop neurovascular complications
by the time they are 20 years old [3]. SCD patients with MMS
are more than twice as likely to suffer a recurrent cerebrovascular
event than those without MMS, despite regular blood transfusions
to maintain HbS below 30% [4].

Treatment of symptomatic MM is predominantly surgical, as
medical treatment for MM has not shown promise. The aim of
surgical treatment is to augment cerebral perfusion (in ischaemic
forms) or reduce neovessel overload (in haemorrhagic forms) [1].
These cerebral revascularisation techniques can be divided into
direct and indirect techniques, with a common direct procedure
being extracranial-intracranial anastomosis (e.g. superficial
temporal artery-middle cerebral artery [STA-MCA] anastomosis)
(Figure 1).
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There is limited research and guidance for the optimal peri-
operative and anaesthetic management of MMS and SCD
patients undergoing cerebral revascularisation surgery, other
than optimisation of SCD and maintaining adequate cerebral
blood flow peri-operatively. With this case report we hope to raise
awareness of this disorder and add to the paucity of literature
describing the anaesthetic management and potential peri-
operative challenges posed by such patients.

Written consent for publication of this case report was obtained
from the patient’s legal guardian.

CASE DESCRIPTION

A 16 year old, 62 kg female with SCD and MMD presented for
STA-MCA by pass. Her SCD was well controlled with infrequent
intermittent transfusions maintaining HbS under 30%, but she
had experienced both haemorrhagic and ischaemic intracranial
events from MMS. There was no other history of note.

The patient was admitted the day before surgery for transfusion
of 2 units of red blood cells. Upon arrival in the anaesthetic
room, her blood pressure was 105/63 mmHg, similar to that
measured pre-operatively. General anaesthesia was induced
with midazolam 3 mg, fentanyl 200 mcg and propofol 80 mg.
Tracheal intubation was facilitated with vecuronium 6 mg and
a size 7.0 reinforced endotracheal tube was inserted without
difficulty. Anaesthesia was maintained using a mixture of 0.6-0.7
Minimum Alveolar Concentration (MAC) of sevoflurane and
Target-Controlled Infusion (TCI) of propofol and remifentanil
(effect site concentrations of 1 mcg/ml and 1

ng/ml respectively). A 16 G cannula was inserted in addition to
the 20 G cannula used for induction. A radial arterial line was
placed to facilitate intra-operative haemodynamic and cardiac
output monitoring, and to monitor arterial gases and electrolytes.

The intra-operative goals were to avoid any triggers for a sickle
cell crisis in addition to maintaining adequate cerebral perfusion
in the setting of MMS. Systolic blood pressure was maintained
between 100-130 mmHg using a metaraminol infusion.

Balanced crystalloid solution (Plasma-LyteTM, Baxter Healthcare
Corp, Deerfield, IL) was used for goal-directed fluid therapy
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(via FloTracTM, Edwards, Irvine, CA, USA). Cardiac index
was maintained between 3.5-4 L/kg/min, stroke volume
variation <15% and stroke volume 64-82 ml/beat. Her core
body temperature was maintained between 36.5-37°C using
warmed fluids and forced air warmer. End tidal carbon dioxide
and arterial carbon dioxide tension measurements were used to
maintain normocapnia between 4.0-4.5 kPa.

Urine output was initially normal but gradually increased and
became markedly raised 4 hours following induction. This was in
the absence of diuretic medications, hypertonic saline or mannitol
administration. Six hours following induction, total urine output
exceeded 4000 ml. At this stage, 4000 ml of balanced crystalloid
solution had been administered to maintain euvolaemia and
haemodynamic stability, cardiac output monitoring demonstrated
ongoing fluid responsiveness. Blood gas analysis showed a rise
in sodium from 138 mmol/L at the start of the case to 150
mmol/L. Urine appearance was noted to be very dilute and we
hypothesised the possibility of Diabetes Insipidus (DI) causing
the observed signs. We administered deamino-8- darginine
vasopressin (DDAVP) 0.5 mcg intravenously six hours into the
case. This appeared to decrease urine output and halt the rise of
serum sodium as measured by blood gas analysis.

The patient was successfully extubated following a 9 hour
bypass procedure. Total urine output was 6100 ml, with 6000
ml of balanced crystalloid solution administered to maintain
euvolaemia.

No focal neurological deficit was noted in the immediate post-
operative period and the patient did not require further DDAVP.
Urine output normalised immediately post-operatively and
serum sodium had fallen to 142 mmol/L in the formal blood
panel taken several hours following the operation.

DISCUSSION

Intra-operatively, this patient showed rising serum sodium and
urine output (prior to DDAVP administration) would have
approximated to 320 ml/kg/day prior to DDAVP administration,
which exceeds the 40 ml/kg/day suggestive of Diabetes Insipidus
[5]. Both serum sodium and urine output returned to acceptable
levels following DDAVP administration, which is suggestive of
Central Diabetes Insipidus (CDI).

Disruption to any part of the production, transport, storage
and release of the Endogenous Arginine Vasopressin (AVP)
may result in CDI. The risk of intraoperative cerebral ischaemia
during revascularisation surgery for MM is well recognised,
although subsequent post-operative neurological consequences
are rare if strict peri-operative neuroprotective measures are
applied [6]. In this patient, there were multiple risk factors for
disruption of blood flow to the hypothalamus and pituitary-
MMS, SCD and surgery. There is evidence to suggest that the
characteristics of MMS in SCD may be different, these patients
experience more unilateral MMS with moderate steno-occlusive
disease, and posterior cerebral artery involvement is less common
[7]. However, the clinical significance of these differences is yet to
be determined.
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We speculate that baseline blood supply to the hypothalamus
may be disrupted at a subclinical level due to the pathophysiology
of MMS. Consequently, clinically evident CDI was precipitated
relatively easily by anaesthetic factors which we will explore.

There is no conclusive evidence on the optimal anaesthetic agent
for patients with MM undergoing revascularisation surgery.
In this case, anaesthesia was maintained with a combination
of sevoflurane and TCI of propofol and remifentanil for
approximately 9 hours. Metaraminol infusion was used for blood
pressure maintenance. As these drugs were given for the longest
period of time, we postulate that they are the potential culprits
for precipitating CDIL.

The use of [alphal-1 receptor agonists theoretically could cause
cerebral vasoconstriction, but direct effect on cerebral blood flow
is not well understood [8]. We are unable to find evidence of any
correlation between the use of metaraminol and development of

DL

Sevoflurane was chosen as there is a large body of evidence in
animal studies to indicate that it provides neuroprotection against
ischaemic injury and is better at preserving flow-metabolism
coupling of the brain when MAC <1 [9]. There is inconclusive
evidence regarding use of sevoflurane in MM patients for
revascularisation surgery [10] and no direct correlation between
sevoflurane and development of DI.

Propofol and [mu)-opioid agonists have been shown to inhibit
AVP release in rats when administered at clinically relevant
concentrations [11,12]. There are no human studies to correlate
CDI with opioid administration in humans. We identified 2
case reports of CDI associated with propofol administration in

humans [13,14].

Both cases reported transient intra-operative CDI during
neurosurgery (in patients without MM), associated with
administration of intermittent propofol infusion. CDI resolved
following cessation of propofol, without the need for DDAVP
[13,14] Kassebaum et al postulated that the patient had subclinical
CDI which was unmasked by propofol [13] whereas Soo et al
speculated that perhaps propofol itself was not the culprit, but
rather the mixture other preservative agents mixed with it [14,15]
Propofol and/or opioids are potentially a rare cause of CDI and
may explain the cause of presumed CDI in this case.

CONCLUSION

In conclusion, we have described a case of presumed CDI
developing during revascularisation surgery for MMS in a patient
with SCD, requiring treatment with DDAVP. It is possible that
anaesthetic factors caused an exacerbation of underlying chronic
subclinical CDI, the most likely culprit being propofol. This is
the same conclusion reached by Hong et al. who reported two
similar cases of intra-operative CDI in MM patients undergoing
revascularisation procedures, both terminated by DDAVP.
Optimal choice of anaesthetic agent is still controversial and
research is limited by the rarity of the disease. We hope this case
report will alert anaesthetists to the potential for development of
peri-operative CDI in MM patients undergoing revascularisation
surgery.
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