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Abstract

Purpose: To highlight recent advances in neurological and neurosurgical intensive care. Data Sources: A MEDLINE search was
conducted from January 1980 to August 2000. Keywords included intensive care, head injury, subarachnoid haemorrhage, status
epilepticus, myasthenic crisis, Guillain-Barre syndrome and stroke. All articlesin English were considered for review. Additional articles
were identified from the references of the retrieved articles and cross-referencing selected articles. Data Extraction: All clinical studies,
review articles and abstracts were reviewed. Data Synthesis. Rapid advancesin neurological and neurosurgical intensive carein the last
decade haveled to the devel opment of specialised neurointensive care unitswith joint ventures between neurology and neurosurgery. Work
in these units have contributed immensely to our understanding of the pathophysiology and management of acute brain injury. The
principles of intensive care management include amelioration or reversal of brain injury and preservation of normal neural tissue.
Treatment algorithms are possible with the aid of intense clinical and neurophysiologic monitoring. Ongoing clinical and basic science
research may provide new treatment options for the intensivist in the acute phase of brain injury. Conclusion: Specialised neurointensive
care units provide the best environment for the patient with acute brain injury. Outcome is frequently enhanced with clinicians skilled

towards dealing with the whole spectrum of neurologic insults.
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I ntroduction

Neurointensive care has come into being in the past
decade as a recognised subspecialty. Pioneering neuro-
intensivistsin the United States, such as Allan Ropper and
Dan Hanley, have led in demonstrating the specialised
expertisethat neurointensivistsoffertocritically ill patients.
TheAmerican Academy of Neurology hasal so established,
for adecadenow, theSectionin Critical Careand Emergency
Neurology. Neurointensive care is also a designated
subsection in the journal Critical Care Medicine.

QOutside the United States, much of neurointensive care
management remains a collaborative effort between
neurologists, neurosurgeons and general intensivists or
anesthesiologists working in mixed intensive care units
(ICUs). Indeed, the basic requisites of an effective ICU
remain unchanged under any subspecialty label, and
neurointensive care is no exception. Neurointensive
care, thus, begins with delivery of sound basic intensive
care. Outcome, however, can be further enhanced
with clinicians oriented and skilled towards dealing

with the spectrum of neurologic pathophysiology,
monitoring modalitiesand effectiveinterventions.! Recent
literature attests to the favourable impact of intensivistsin
patient management.2s

This paper serves to highlight some recent advancesin
neurointensive care.

Selective Vulnerability of the Central Nervous System

A major pre-requisite for a good outcome after severe
neurologic insult is maintenance of a favourable cerebral
oxygen supply-demand relationship and prevention of
systemic hypoxia® After primary injury, the brain is
especially susceptible to further hypoxic insults. Factors
that increase susceptibility include reduced cerebral blood
flow (CBF), impaired pressure autoregulation, impaired
cerebral vasodilatationinresponseto hypoxaemia, abnormal
flow-metabolism coupling and impaired vasodilatation in
response to acute anaemia.” The pyramidal neurons, inthe
CA1region of the hippocampus, are extremely sensitiveto
injury in both rats, primates and humans.®
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The mechanisms by which brain trauma or ischaemia
decrease CBF and impair cerebral vascular reactivity are
multi-factorial and may be attributed to one of severa
inter-related mechanismsinthe cell death cascade: oxygen
free radicals (superoxide anions), excitatory amino-acid
receptor-mediated injury and intracellular calcium
accumulation.® In addition, apoptosis or programmed cell
death hasbeen postul ated to expl ain sel ective neuronal 1oss
after global or focal ischaemicinjury or evenheadinjury. 0t

Current researchin neuroprotectantsisactiveat the stage
of phase Ill clinical trials. Promising agents include
lubeluzole, cerestat, tirilizad and many others. Our centre
iscurrently involvedinseveral trialsof acutestroketherapy
aswell asaphaselll multicentretria using nimodipinein
the treatment of traumatic subarachnoid haemorrhage.

General PrinciplesintheM anagement of NI CU Patients

Appropriate cardiopulmonary stabilisation of the acute
neurologic critically ill patient isthe corner stone of initial
management in the neurointensive care unit (NICU). The
clinical impact of hypoxiaor hypotension on outcomewas
clearly demonstrated in the Traumatic Coma Data Bank
(TCDB) study. Both factors were associated with aworse
outcome, with the influence of hypotension being greater
than that of hypoxia (Table I).12

With few exceptions, haemodynamic management of
NICU patients should have, asimmediate and over-riding
considerations, normovolaemia, normotension and iso-
osmolality [exceptions include patients at risk for normal
perfusion pressure breakthrough bleeding (induced
hypotension and cerebral metabolic rate suppression) and
cerebro-vasospasm (hypertensive-hypervolaemic-haemo-
dilution therapy)]. ‘Traditional’ therapeutics of mild
dehydration, and precipitous blood pressure reduction of
acutestrokepatientsmay instead bedetrimental to adequate
cerebral oxygen delivery.®® Recently the successful use of
3% or 23.4% hypertonic sodium chloride in the acute
control of intracranial pressure (ICP) confirmsits efficacy
but does not address concernswith long-term effects of the
sodium load.**

AcuteneuroendocrinemanagementintheNICU include,
in particular, management of polyuriawithits differential
diagnoses of diabetes insipidus, osmatic diuresis, or post-
resusci tationfluid mobilisation. Hyponatraemiamay occur
secondary to the syndrome of inappropriate antidiuretic
hormone secretion or the cerebral salt-wasting syndrome.
Both hypoglycaemia and hyperglycaemia should be
scrupulously avoided.

Hyperthemiaand sei zures should betreated aggressively
as they impose increased cerebral metabolic demands on
neurologic patients who may aready have borderline or
impaired cerebral blood supply. Surveillance and early
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TABLEI: OUTCOME BY SECONDARY INSULT AT TIME OF
ARRIVALATTRAUMATICCOMADATABANKHOSPITAL
EMERGENCY DEPARTMENT®

Outcome

Secondary No. of Percentage Good or  Severeor  Dead
insults patients (n)  of total moderate vegetative

Total cases 699 100 429 20.5 36.6
Neither 456 65.2 51.1 21.9 27.0
Hypoxia 130 18.6 29.2 20.8 50.0
Hypotension 165 235 19.4 15.8 64.8
Both 52 7.4 5.8 19.2 75.0

detection of infection is important as sepsis is a leading
cause of death in the neurologic critically ill patient.
Meticulous skin care, frequent turning and suctioning and
chest physiotherapy are needed to prevent decubitus
ulceration, atelectasis, infection and neuropraxia. Asacute
braininjury isassociated with ahypermetabolic state, early
and adequate nutrition is required and had been shown to
increase survival, shorten ICU length of stay, and reduce
infections in patient groups such as the head injured.®
Zinc microsupplementation has been shown to more
rapidly improve Glasgow Coma Scale scores in patients
with braininjury.® Specific disease conditionswill now be
highlighted.

Severe Head Injury (SHI)

Organised neurotrauma systems, based on a continuum
of monitored care and aggressive surgical or medical
intervention, are critical to survival with good outcome.'
Our standardised head injury treatment protocol for SHI
hasyielded resultscomparablewith other recently reported
series (Table [1).%¥2 Two important paradigms in the
current treatment of SHI are (i) determine and maintain an
adequate cerebral perfusion pressure (CPP) with ICP
control,*® and (ii) understand and monitor the time-course
and characteristics of CBF and metabolism changes after
SHI, in order to sustain aerobic metabolism and prevent
secondary brain insults.?>?® Current recommendations
regarding management of SHI have been clearly spelled
out by the Brain Trauma Foundation, the European Brain
Injury Consortium and the Society of British Neurological
Surgeons. There are three standards established in the
management of SHI:

1) intheabsenceof increased | CP, hyperventilationshould
be avoided,

2) the use of steroidsis not recommended, and

3) prophylactic use of anticonvul sant isnot recommended
for prevention of late post-traumatic seizures.

Recommended guidelines include:

1) avoidance of hypotension and hypoxia,

2) ICP monitoring of patientswho had GCSof 3to 8 after
resuscitationand abnormal computedtomographic(CT)
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TABLE II: OUTCOME OF SEVERE HEAD INJURY IN NEUROTRAUMA CENTRES

Tan Tock Seng*® Cruz ® Rosner *° TCDB %

1998 1998 1995 1991

Number of patients 48 178 158 746

Glasgow Outcome Score (%)

4105 60.4 74 59 25.2

3 10.4 14 9 28

2 14.6 3 2 14
1 14.6 9 29 32.5

TCDB: Traumatic Coma Data Bank

Glasgow Outcome Score 4 to 5: good outcome/moderate disability; 3: severe disability; 2: persistent vegetative state; 1: death

scan,

3) treatment of ICP above 20 to 25 mmHg,

4) use of mannitol for the control of raised ICP,

5) high dose barbiturate therapy in haemodynamically
stable salvageable SHI patients with |CP refractory to
maximal medical and surgical interventions, and

6) replacement of 140% of resting metabolismexpenditure
innon-paralysed patientsand 100% resting metabolism
expenditure in paralysed patients using enteral or
parenteral formulas containing at least 15% of calories
as protein by the seventh day after injury.

Experimental multi-modality cortical probes, measuring
pressure, temperature, pH, and cortical PO,, with the
potential for microdialysis analysis are being studied.
Chan et al? described the technique of combining
transcranial doppler with jugular venousoxygen saturation
(SvO,) monitoring to determine the optimal CPP at the
inflection point where the autoregulatory plateau in the
CPP-CBF is reached. Although the study’s grouped data
has since served astargeted valuesfor existing guidelines,
increasingly CPPand | CPtargets should be determined for
individual patients.®® Continuous or close monitoring of
SvO, is aimed at guiding treatment regimes to achieve a
favourable globa brain O, supply-demand with normal
SvO, values® While oligaemic SvO, has clearly been
shown to be harmful,?® Gopinath et a? have recently
shown that hyperaemic SjvO, values are also associated
with poor outcome. Whether the latter study reflects
irreversibly impaired brain cellular function or is an
indictment of the consequence of focal ischaemia from
inappropriately aggressive §VO,-directed ‘optimised’
hyperventilation isunclear. When medical management to
treat raised intracranial hypertension fails, aggressive
surgical interventions such as decompressive bifrontal
craniectomy have yielded promising results.? The poor
outcome of patients with loss of CO, and pressure
vasoreactivity (cerebrovasomotor paralysis) has also
prompted the use of prostaglandin inhibitors such as
indomethacin and anew concept by the Lund group known
as brain volume reduction therapy. The latter is a

combination of lowering systolic blood pressure, moderate
barbiturate-induced metabolic suppression, di-hydro-
ergotamineinduced pre-capillary arteriolar vasoconstriction
and hyperoncotic fluid therapy to reduce vasogenic
edema.?®*° Recently published datasuggest that itishighly
effective in controlling raised ICP and reducing mortality
inwhat has previously been avery high mortality subset of
SHI patients.® Morecontroversia iswhether thistechnique
should be extended to all head injured patients, even in
those without loss of vasoreactivity.*® Other cerebro-
protective techniques such as induced moderate
hypothermia® and calcium channel® antagonists have
shown promise in smaller trials. A National Institute of
Neurological Disordersand Stroke (NINDS) phasell| trial
for moderate hypothermia in SHI has, however, been
halted, and conclusions regarding the efficacy of this
therapy remainsunclear. Resultsof aworldwidetrial onthe
use of nimodipinein traumatic subarachnoid haemorrhage
are eagerly awaited.

Aneurysmal Subarachnoid Haemorrhage (SAH)

The incidence of spontaneous aneurysmal SAH varies
from 6 to16 per 100,000.% In Singapore, an autopsy study
yielded 105 deaths due to ruptured cerebral aneurysms
among 33,137 deathsover the period 1982 t0 1996.% Sixty-
four per cent of casesoccurred between ages 31 to 60 years
and there was a marginal predilection for females. In the
Cooperative Study, the peak incidence of spontaneous
SAH occurredinthe50to 54 yearsagegroupwithafemale
to maleratio of 3:2.%

The most feared consegquence of aneurysmal SAH isre-
bleeding, which has a case fatality rate of approximately
70%.% The risk of re-bleeding is about 4% in the first 24
hours and between 1% to 2% per day over the subsequent
4 weeks.® The mainstay of therapy to prevent re-bleeding
issurgical clipping of theaneurysm, althoughlately, coiling
of the aneurysm via interventional neuroradiological
techniques is becoming more important especialy for
posterior circulation aneurysms. The optimal timing for
aneurysm surgery is still being debated. Early surgery
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eliminatestherisksof re-bleeding and facilitates treatment
of vasospasm. However, a swollen brain and a clot laden
subarachnoid space in the acute phase may increase the
operative complication rate. Delayed surgery, on the other
hand, has been reported to have superior surgical results.
Unfortunately intermsof theoverall management outcome,
the results of delayed surgery were no better due to the
complication of re-bleeding occurring while awaiting
surgery.® The International Cooperative Study on the
Timingof Aneurysm Surgery failed to show any significant
difference in the overall management outcome in relation
to timing of aneurysm surgery.® At present, early clipping
is recommended for patients with good neurological
condition and accessibleaneurysmsaccording to published
guidelines. 40

Endovascular embolisation with Guglielmi detachable
coils(GDC)isapromisingtreatmentfor cerebral aneurysms.
In a Food and Drug Agency (FDA) multicentre clinical
trial involving 150 aneurysms, 90% coil packing were
achievedin75% of patients.* Theperiprocedural mortality
rate was 2.9% and the permanent stroke rate was 5% in
patients with ruptured aneurysms and 9% in patients with
unruptured aneurysms. The re-bleeding rate was 3.3% for
ruptured and 4.1% for unruptured aneurysms. The results
are better than the natural history for ruptured aneurysms.
Hence, thisoption should be offered to patientswho are not
surgical candidates.

The most common cause of death in SAH isvasospasm.
Theonset usually occurs3to 5 daysafter thebleed, peaking
in severity on days 6 to 8 and resolving by about the tenth
day.*? In the Cooperative Study, vasospasm accounted for
28% of mortality and 39% of morbidity.* Triple H therapy
(hypervolaemia, haemodilutionandinduced hypertension)
together with nimodipine are currently being used to treat
vasospasm. Other pharmacologic measures include
intraoperative administration of tissue plasminogen
activator and use of tirilazad mesylate, an aminosteroid-
free radical scavenger. Intraluminal angioplasty with
balloons or papaverine have been reported to reverse
vasospasm in many uncontrolled clinical studies.***
However, its effect on functional outcome has not been
fully evaluated and it is associated with a mortality rate of
4% 344

At the National Neuroscience Institute, our standard
protocol involvesearly surgery for good grade patientsand
routine administration of nimodipine. Prior to surgical
clipping, thecentral venouspressureismaintai ned between
5 to 10 mmHg and the blood pressure maintained within
120 to 160 mmHg. After clipping, the blood pressure is
aimed at above 160 mmHg. In patients with symptomatic
vasospasm, hypervolaemiawith central venouspressure of
8 to 12 mmHg and systolic blood pressure of up to 200

May 2001, Vol. 30 No.3

Advances in Neurointensive Care—H C Chuaetal 303

mmHgwill beinduced to reversethe neurol ogical deficits.
Refractory casesaretreated with angioplasty. Theoutcome
with this approach is similar to published series in the
literature.®

Intracerebral Haemorrhage

Intracerebral haemorrhage accounts for a quarter of all
strokes in Singapore with a much higher morbidity and
mortality compared to ischaemic strokes.® The most
common aetiology ishypertension. Thefour classical sites
of hypertensiveintracerebral haemorrhagesaretheputamen/
basal ganglia, thalamus, brainstem and cerebellum. Other
causes of spontaneous intracerebral haemorrhage include
aneurysms, vascular malformations, cerebral amyloid
angiopathy, brain tumours, coagulopathy, vasculitides,
moya-moya disease and drug abuse.

In the acute phase, patients with significant impairment
of conscious level may require intubation for airway
protection or respiratory insufficiency. Optimal blood
pressure control in spontaneousintracerebral haemorrhage
remains controversial: too high apressure may precipitate
re-haemorrhage; conversely overzeal ousreduction of blood
pressuremay compromisecerebral perfusion.” In practice,
we do not intervene if the systolic blood pressure is not
more than 180 mmHg. Blood pressure should not be
alowed to fall below pre-morbid levels. Underlying
coagulopathy should be corrected as soon as possible.

Both hyperosmol ar agentssuch asmannitol and controlled
hyperventilation are widely used for short-term control of
raised intracranial pressure from sizeable intracerebral
haematomas. PCO, is targeted between 30 to 35 mmHg.
Mannitol 20% (0.25 to 0.5 g/kg every 4 h) isindicated for
patients with signs and symptoms of progressively
increasing intracranial pressure or clinical deterioration
associated withmasseffect. Duetoitsrebound phenomenon,
mannitol isrecommendedfor only 5days. Serumosmolality
should be measured twice daily in patients receiving
osmotherapy and targeted to 310 mOsm/L or less.
Ventricular drainage is indicated in cases complicated by
hydrocephalus.

For seizurecontrol, phenytoinisoftengiven|V at 15mg/
kg (<50 mg/min) for loading and maintained at 300 mg on.
Dose adjustment is then titrated according to clinical
response as well asthe serum phenytoinlevel. Thereisno
evidence to support routine use of prophylactic
anticonvulsant although it is often practiced due to fear of
re-bleeding after afit.

The role of surgical evacuation of hypertensive
intracerebral haematomas remains controversial. Meta-
analysis of three randomised controlled trials of open
surgery and one endoscopi ¢ evacuation prior to June 1997
indicate a non-significant increase in odds of death and
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dependency at 6 monthsfor patientstreated surgically.*® A
recent single centre randomised trial involving 17 casesin
the surgical arm and 17 cases in the medical arm showed
that the 1-month mortality rate is lower in the surgical
compared tothemedical arm, but at 6 monthsthe mortality
rates in both groups are similar (surgical 17%, medical
24%, P = 0.75). The functional outcome was also similar
at 6 months (69% poor outcome with medical treatment,
50% poor outcomewithsurgery, P=0.47).*Whileawaiting
theresultsof largerandomisedtrials, therelativeindications
for surgery includecerebellar haematoma>3 cmindiameter
and progressive basal ganglionic haematoma in the non-
dominant hemisphere of a young patient. Treatment of
intracerebral haemorrhage from underlying tumour or
vascular malformation depends on the pathology and
anatomy of the lesion. Patients with large haematomas
with clinical deterioration may require urgent
decompression.

Status Epilepticus

Traditionally status epil epticus had been defined asmore
than 30 minutes of either continuous seizureactivity or two
or more seizures without recovery of consciousness in
between.® In recent years, several authors had suggested
shortening the duration of statusto more than 5 minutesin
order to highlight the urgency of early treatment.5*2 This
is because status of longer duration is less responsive to
anticonvulsants and has a worse prognosis compared to
status of shorter duration.>® Precipitating causes must be
identified and treated. Neuroimaging should be performed
in patients with new onset status and those with focal
seizures. Lumbar puncture is required when an infectious
aetiology or subarachnoid haemorrhage not seen on CT
scan head is suspected. Electroencephalogram (EEG) is
helpful in the following circumstances:

a) determining whether the patient has a generalised or
focal epileptiform abnormality or an underlying
metabolic abnormality,

b) diagnosis of non-convulsive status, and

c) titration to burst suppression.

An important principle of management is early and

aggressivetreatment with anticonvul sants. The pharmaco-
kinetic properties of important drugs are outlined in Table
IIl. Benzodiazepines are recommended as first-line
treatment.> Intravenous diazepam acts rapidly but has a
short duration of action whereas |orazepam is better than
diazepam due to its longer half-life.® Phenytoin is
commonly given after treatment with benzodiazepines. Its
main side effectsare hypotension and cardiac arrhythmias.
Hypotension is due to propylene glycol whichisused asa
solvent and may be averted with fosphenytoin.*® Thelatter
is a water-soluble disodium phosphate ester of phenytoin
that is rapidly converted in the body to phenytoin by
circulating phosphatases. It is bioequivalent to phenytoin
and may be administered at a rate three times that of
phenytoin as it is not formulated with propylene glycol.
Therapeutic free (unbound) and total plasma phenytoin
concentrations are consistently attained after intravenous
loading doses. In the status epil epticus study, thisoccurred
within 10 to 20 minutes of the start of infusion.> In
addition, phlebitis occurred significantly less often in
patientstreated withfosphenytoin comparedtothosetreated
withphenytoin. Patientswithrefractory seizuresaretreated
with barbiturates. At the National Neuroscience Institute,
weprefer to use phenobarbitoneasit hasalong half-life (50
to 120 hours). In addition, phenobarbitone has a much
greater intrinsic anticonvulsant action than the other
barbiturates (including thiopentone and pentobarbitone) at
equal central nervous system depressant levels.® Thisis
attributed to its preferential concentration in active
epileptiform cortical regionsand specific physico-chemical
membrane-stabilising action. Toleranceto its sedative and
respiratory depressant effects occur but not to its
anticonvulsant effect. Thisis due to the aryl drug moiety
which conveys potent anticonvulsant properties at doses
below val uesthat depressthebrainstem reticular formation
and consciousness. Patients treated with barbiturate coma
for refractory seizures have a high mortality.®% At our
institute, the mortality rate is 21%.%°

Intravenous epilim (sodium valproate) is another
anticonvulsant which had been used to treat status
epilepticus.” " [tssuccessrate in terminating status within

TABLE III: PHARMACOKINETIC PROPERTIES OF DRUGS USED TO TREAT STATUS EPILEPTICUS

Diazepam Lorazepam Midazolam Phenytoin Phenobarbitone Valproate
Loading dose 0.25 mg/kg 0.1 mg/kg 0.2 mg/kg 20 mg/kg 20 mg/kg 15 mg/kg
Rate <5 mg/min <2 mg/min <4 mg/min <50 mg/min <100 mg/min 3 mg/kg/min
Elimination half-life 30h 14 h 1535h 24 h 50-120 h 8-12h
Time to stop status -2 min 3-5min 1-2.5 min 15-30 min 20-30 min <20 min
Duration of action 15 min 4-14 h Varies* 24 h >48 h 8-12h
Time to enter brain 10 sec 2-3min 2 min 1 min 20 min 10 min
Time to reach peak brain conc 8 min 23 min 30 min 15-30 min 30 min 30 min

* midazolam accumulates with continuous infusion
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30 minutes ranged from 80% to 83%. It isadministered as
anintravenousbolusdose 15 mg/kgover 5 minutesfollowed
30 minutes later by a continuous infusion of 1 mg/kg/h. It
is contraindicated in liver dysfunction and thrombo-
cytopenia. Its main side effects are hepatitis, hyper-
ammonaemia, coma, haematologic (quantitative and
qualitative platel et defects), tremor and weight gain. These
aremore common when serum levelsare>150mg/L. Rare
cases of haemorrhagic pancredtitis had been reported. It
doesnot causesignificant cardiovascul ar or haemodynamic
side effects.

Alternative anticonvul santsfor treating refractory status
epilepticus include chlormethiazole,®*® ™ high-dose
midazolam™"” and lorazepam,””® propofol °#° and other
agents such as lidocaine, paraldehyde, and general
anaesthesiawith isoflurane.® Further studies are needed to
compare their relative safety and efficacy.

The prognosis of status epilepticus depends on the
underlying aetiology, duration of status, associated systemic
abnormalities, age of patient and type of treatment. All are
important, but duration and aetiology are key determinants
of outcome.52#°

Myasthenic Crisis

Myasthenic crisisis defined as an acute weakness of the
respiratory and bulbar muscles which require ventilatory
assistance. It may or may not beassociated with generalised
muscle weakness.®! The prognosis of crisis has improved
since the 1940s with significant reduction in mortality and
improved outcome.® This is due to technological and
medical advances over the last few decades. namely, the
use of positive-pressure (instead of negative-pressure) and
volume-controlled ventil ation, endotracheal tubesthat could
be used for weeks instead of days, improvements in
bronchial toilet and management of pneumonia. Improved
ICU care played a pivota role in overall management.
Concomitantly, the introduction of immunosuppressive
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agentsledtoafurther reductioninmorbidity and mortality .

The most important step during treatment of crisis is
early intubationand mechanical ventilation.®& Thedecision
to intubate is made on the basis of clinical evaluation and
ventilatory parameters. The ventilatory parameters for
intubation are: vital capacity <15 mL/kg and negative
inspiratory pressure <25 cmH,O. One should not delay
intubation if the patient has marginal respiratory
compensation—therespiratory failurein myasthenic crisis
does not improve quickly and patients progressively get
worse due to fatigue and mucus plugging. Hypoxia and
hypercarbiaarelatemanifestationsof neuromuscular failure.
Once intubated, assist control or intermittent mandatory
ventilationistheventilator modeof choicetoallow complete
rest and prevent fatigue. Weaning is carried out after 48
hoursof ventilatory support. Extubationisperformedif the
vital capacity is>15 mL/kg, negative inspiratory pressure
>25 ¢cmH,O and tidal volume >5 mL/kg. Respiratory
management isan important arm in the treatment of crisis.
Themain principlesof ventilator management and bronchial
toilet are outlined in Table IV.

Specific treatment in myasthenic crisis requires either
plasmapheresis(PE) orintravenousimmunoglobulin(1IVIG)
administration.®* When these are given early in crisis, they
may spare patients ICU admission. A retrospective study
suggests that PE is superior to | VIG.® Further prospective
studies to compare these two therapies are required.
Improvement with PE correlatesroughly with reductionin
antibody titre, but even patients with antibody-negative
myastheniagravismay improvewith PE.®#” Sincel VIG or
PE provides only temporary relief, immunosuppressive
treatment with steroids should be started at the same time.
Pul se methy!-predni sol one was shown to be beneficial for
somepatientsincrisisinonestudy .|t appearedto produce
less initial worsening and more rapid improvement in
severe myasthenic patients than conventional doses of
prednisone.

TABLE IV: RESPIRATORY MANAGEMENT IN MYASTHENIC CRISIS

Intervention No atelectasis Atelectasis Pneumonia
Sighs* Nil 2-4 sighs an hour 4-8 sighs an hour
PEEP 5 cmH,0 5-10 cmH,0 5-10 cmH,0
Regular suction** every 3-4 hours every 2-4 hours every 1-4 hours
Chest physiotherapy*** Nil every 4-6 hours every 4-6 hours
Turning in bed every 2 hours every 2 hours every 2 hours
Antibiotics Nil Nil Yes

PEEP: positive-end expiratory pressure

*  Sighs are instituted at 150% of the tidal volume and can be delivered at 15-30 min intervals. Maximum number should

not exceed 2 consecutive sighs every 15 minutes.

**  Freguency of suctioning depends on amount of secretions. Glycopyrrolate can be used if secretions are copious.

Suctioning is routinely performed after chest physiotherapy.

*** Ereguency depends on amount of secretions and severity of underlying condition.
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Guillain-Barre Syndrome

Guillain-Barre syndrome (GBS) is one of the most
frequent causes of acute generalised paralysis and
respiratory failure.

The main issues in intensive care management include
respiratory support, management of autonomicdysfunction,
immunomodul ating therapy and supportive care.

Respiratory failure is the most serious complication of
GBS. The principles of management and criteria for
intubation are similar to those for myasthenic crisis (see
previous section). I ntravenous suxamethonium should not
be used for intubation asit may lead to the rel ease of large
amounts of potassium, causing ventricular arrhythmias.
Early tracheostomy should be considered in patients with
afulminant coursewithrapid devel opment of quadriplegia,
axonal changes on electromyography and no response to
plasma exchange or IVIG.%°

Autonomic dysfunction hasareported incidence of up to
65%.% It is more common in patients with severe motor
deficits and respiratory failure than in those with less
severe disease. Autonomic dysfunction is commonly
heralded by unexplained sinus tachycardia (heart rate
>100 beats per minute) that does not require treatment.*
Hypertension is a serious autonomic problem.®* Some
patients manifest marked blood pressurelability withrrapid
and unpredictable swings between hypertension and
hypotension. The rapidity of these changes argues for the
useof short-acting agentssuch asesmol ol and nitroprusside
for treatment of hypertension and dopamine, noradrenaline
and phenylephrine for treatment of hypotension. A wide
variety of supraventricular and ventricular arrhythmias
have been reported. Theseranged from atrial flutter, atrial
fibrillation, junctional rhythms, atrioventricular block, sinus
bradycardia, sinus arrest and ventricular tachycardia.®
Bradyarrhythmiais a serious problem which is difficult to

TABLEV: PI AND DWI ACUTE STROKE PATTERNS AND
POTENTIAL IMPLICATIONS FOR ACUTE STROKE

THERAPY %
Pattern no. Acute PI/DWI patterns Potential therapy*
1 Pl > DWI reperfusion
(e.g. thrombolysis)
2 Pl = DWI neuroprotectant
3 Pl < DWI neuroprotectant
4 DWI only neuroprotectant
5 PI only reperfusion
(e.g. thrombolysis)
6 neither DWI nor PI No acute intervention

PlI: perfusion imaging; DWI: diffusion-weighted imaging
* These hypotheses require further investigation in prospective
clinical trials.

treat; the development of asystole or advanced degrees of
heart block may require emergent insertion of atemporary
transvenous pacemaker.

Immunomodulating therapy includes either PE or
IVIG.%2% Controlled studies have clearly demonstrated
that both modalities reduce the time it takes to achieve
independent walking, ventilator days and long-term
neurol ogic deficit. They should begiven early inthecourse
of crisis. IVIG appearsat | east aseffective as PE, costsless
and is much easier to administer.®® Patients who relapse
after IVIG or PE may benefit from another course of
treatment, but data are not available currently .’

Supportive treatment includes management of nutrition,
ileus, infections, frequent changesin positionand splintage,
deep vein thrombosis prophylaxis, care of skin, eyes,
mouth and management of pain.

Acute | schaemic Stroke

The role of neurointensive care management in acute
ischaemic strokeisthree-fold. Firstly, to treat and monitor
patients undergoing therapy aimed at reversing or
ameliorating neurological deficits.®% The publication of
the NINDS tissue plasminogen activator (tPA) study and
FDA approval of tPA have generated much interest in the
acute management of brain ischaemia.® Until recently,
decisionsfor thrombolysi swerebased onanegativefinding-
presence of a normal CT of the brain in a patient with a
hi story and physical examinationconsistentwithadiagnosis
of stroke. In the last few years, new ultrafast magnetic
resonance imaging (MRI) methods [diffusion-weighted
imaging (DWI) and perfusion imaging (Pl)] have opened
up the possihility of non-invasively detecting and studying
thetime course of human i schaemic pathophysiol ogy. 1019
Table V outlines 6 possible permutations of combined Pl
andDWI lesionsandtheir potential acutestroketherapies.®
These suggested therapies require validation and further
investigation in prospective clinical trials. The PI/DWI
indexes potentially alow us to identify candidates for
thrombolysis beyond the 3-hour therapeutic window and
to evaluate the effect of neuroprotectants.® The future
treatment of acute stroke may involve a “cocktall” of
thrombolytics, combination neuroprotectants which act at
multiple sitesin the ischaemic cascade and trophic growth
factors.2%51% Secondly, neurointensive care management
provides special interventions directed towards
complicationsof strokesuchasraisedintracranial pressure.
The mass effect of the stroke and secondary brain oedema
leadsto raised intracranial pressure, impaired perfusionto
thebrain, and through shifts of tissue, secondary damageto
vital structures deep in the brain and death. Treatment of
brain oedema and raised intracranial pressure is a key
component in management of patientswith largeinfarct or
haematoma.8®1%°11%  Therapeutic options include
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hyperventilation, osmotherapy, cerebrospinal fluiddiversion
procedures and surgical decompression. Thirdly, clinical
deterioration due to co-existent medical problems such as
sepsis, heart disease (myocardial infarct, cardiac failure,
arrhythmias), pulmonary problems (pneumonia and
pulmonary embolism), seizures and acute renal failure are
best managed in an ICU environment. Successful therapy
often depends on early and aggressive intervention.
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