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Sudden Death Following Cranioplasty

Stephen Honeybul, FR.C.S.

Department of Neurosurgery, Sir Charles Gairdner Hospital and Royal Perth Hospital, Australia

I read with interest the recently published article by Lee et
al'”. The report details a case of severe postoperative cerebral
oedema following a seizure in the recovery room. The proce-
dure had otherwise been uneventful and the authors speculate
that placing the epidural and subgaleal drains on active suction
may have been a contributory factor. They also comment that
there have only been five reported cases of unexpected massive
cerebral oedema following cranioplasty. At the time of writing
this may have indeed been the case, however examination of
the recent cranioplasty literature reveals that this phenomenon
may be more common than has previously been appreciated.

Lee et al. would not have been able to include the findings of
a recent article by Sviri'” in the Journal of Neurosurgery as they
had already submitted their case report. However a further lit-
erature review confirmed that there have to date been sixteen
such cases (Table 1). A literature search was performed in the
MEDLINE database (1966-July 2015 2012). The following key-
words were used : decompressive craniectomy, cranioplasty,
complications and sudden death. The bibliographies of retrieved
reports were searched for additional references. For those cases
that were reported as part of a cohort series this represents an
incidence ranging from 2.2% to 7%, which is extraordinarily
high for what is essentially a technically straightforward elective
procedure™**". Tt may well be that these cases represent an un-
usual clinical occurrence that is both uncommon and unpre-
dictable. Alternatively it may well be that this complication is just
underreported. Indeed, a recent publication listed death follow-
ing bone flap replacement on the outcome algorithm for patients
who have had a decompressive craniectomy following ischemic
stroke'”. In addition, a recent article reported a mortality rate of
3.16% following cranioplasty (although in this particular study
the actual cause of death was not documented"). Notwithstand-
ing these limitations, it would seem that death following cranio-
plasty is not entirely unexpected and in view of these findings
care must be taken when counselling patients and their relatives

prior to a cranioplasty procedure.

Currently the precise pathophysiology has yet to be determined;
however, a number of authors have suggested it may relate to
the use of suction drains and loss of cerebral autoregulation™*'?.

CEREBRAL AUTOREGULATION

Cerebral pressure autoregulation is the specific intrinsic abili-
ty of the cerebrovasculature to maintain constant cerebral blood
flow over a range of blood pressures”. This is generally observed
between a mean arterial blood pressure of approximately 50-150
mmHg and it protects against cerebral ischaemia due to hypoten-
sion and against excessive flow (malignant hyperaemia) during
hypertension, when capillary damage, oedema, diffuse haemor-
rhage and intracranial hypertension might otherwise result®'".

Experimental studies have shown that the main autoregula-
tory response is located in the small vessels (diameter of <40 um)
in the brain parenchyma and this involves myogenic, neurogenic
and metabolic mechanisms'’. These processes continuously
adjust cerebrovascular resistance for changes in cerebral perfu-
sion pressure so that the cerebral blood flow remains relatively
constant. It has been demonstrated that autoregulation can be
impaired over a variable time course following traumatic brain
injury and this will reduce the ability of the brain to adequately
control blood flow in the presence of hypo or hypertensive epi-

4,16,
sodes™™®.

POTENTIAL PATHOPHYSIOLOGICAL CAUSES
OF CEREBRAL SWELLING

Whilst there is limited data on long term time course of auto-
regulation recovery, it would appear to remain impaired in a
small number of severely injured patients””. Based on these
studies it could be postulated that certain patients who survive
serious cerebral insult such as traumatic brain injury, ischaemic
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Table 1. Characteristics of patients in previous studies who had died following cranioplasty

Authorsand year  Patient age (sex) Primary pathology Clinical incidence Possible contributory clinical causes
Van Roost et al., 32 yrs (M) TBI Case report Postoperative seizure
2003
Eom et al,, 2010” 6 yrs (M) Ischaemic stroke ~ Case report
Honeybul, 20117 22 yrs (M), TBI Three cases amongst 138 All three patients’s had shunt manipulation
and Honeybul 16 yrs (M), cranioplasty procedures prior to surgery. All had closed vacuum
and Ho, 2011” 16 yrs (M) (2.2%) suction drains and one patient had a
documented seizure in recovery.
Zebian and Critchley, 40 yrs (F) Ischaemic stroke ~ Case report Shunt manipulation prior to surgery. Subgaleal
2011" suction drain. Two postoperative seizures
Santana-Cabreraetal, 17 yrs (M) TBI Case report
2012"
Chitale et al., 64 yrs (M) Ischaemic stroke  Case report Postoperative seizure
20137
Broughton et al., N/S TBI Two cases amongst 87
2014” cranioplasty procedures (2.3%)
Sviri, 2015" 22 yrs (M), TBI Four cases amongst 57 All patients had closed vacuum suction
14 yrs (M), cranioplasty procedures (7%) drainage. One patient deteriorated following
28y s (M), evacuation of a postoperative haematoma
24 yrs (M)
Lee et al,, 2015™ 50 yrs (F) SAH Case report Postoperative closed volume suction drain,
postoperative seizure
Mangubat and Sani, 14 yrs (F) TBI Case report
2015"

N/S : not specified, TBI : traumatic brain injury, SAH : subarachnoid haemorrhage

stroke or subarachnoid haemorrhage may do so not only with
poor neurological function but also with residual impairment
in cerebral autoregulation. In circumstances where there is an
acute rise in blood pressure such as during a seizure, the normal
compensatory vasoconstriction may be either absent or im-
paired. Whilst this has not been demonstrated preoperatively, it
would be difficult to attribute the massive and uncontrolled ce-
rebral swelling to any other mechanism.

CURRENT MANAGEMENT STRATEGIES

Notwithstanding the pathophysiology regarding the uncon-
trolled cerebral swelling, the question remains as to how clinical
management of these patients may be changed in order to pre-
vent this complication. Sviri*” noted that waiting for the patient
to be fully awake prior to application of the suction drain has
led no further episodes of this complication. Certainly at our
institutions we have had no further episodes of sudden death
following cranioplasty since I initially reported our experience
in 2011%. We pay close attention to seizure prophylaxis and car-
diovascular stability in the immediate postoperative period. We
still use suction drains; however, we do not place them on high
suction in order to prevent significant pressure differentials.

In conclusion, if use of decompressive craniectomy in the man-
agement of neurological emergencies continues, close attention
and wider reporting of this type of complication is required not
only to focus attention on possible management strategies, but
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also to determine which patients are at most risk of this devas-
tating complication.
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