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EDITORIAL
Don’t be afraid of neurological assessment and keep it simple

The clinical presentation of neurological
disease varies according to the site and
extent of the pathology. Many medical
students and doctors seem afraid of
neurological assessment but really there is
nothing to fear. We need to know the
answers to three main questions: where is
it, what is it and who can treat it? Once they
have been answered we still need to ask if a
condition should be treated or not. Many do
not require a surgical solution, or the surgical
solution is too drastic.

feel. These senses and abilities make us
what we are. We should be able to do them
all without pain and with full power and
coordination. If not, there is something
amiss. Either the afferent or efferent
pathways are not working – or both. The
pathology will be in the central or the
peripheral nervous system (somatic or
autonomic).
Headache
Symptoms such as headache are
experienced in many conditions common to
PNG, including malaria. However, headache
that is new but does not go away, headache
that is posterior or accompanied by neck
stiffness, sounds immediately more serious
and warrants investigation. In many parts of
PNG investigation may be limited to taking
the temperature, fundoscopy (to exclude
papilloedema) and lumbar puncture (LP) (in
the absence of papilloedema). Skull X-rays
though worth taking are seldom helpful.
Subarachnoid haemorrhage may be
accompanied by a herald bleed and LP will
show xanthochromia. However, the option
to diagnose it by CT angiogram and treat it
by clipping a berry aneurysm is usually not
available to most of PNG’s citizens.

This focus issue of the Papua New Guinea
Medical Journal contains another editorial
which stresses the value of having a CT
(computed tomography) scanner, first in Port
Moresby, and then in other level-two
hospitals (1). Though there is already a
private scanner, all the readers of this journal
know there are many pressing health needs
and most of the citizens of Papua New
Guinea (PNG) will have to be managed
without CT scanning – despite its obvious
benefits of defining the site and size of a
neurological lesion. We need to assess
patients clinically and follow our common
sense.
Clinical assessment was important in
determining what was going on in kuru, a
disease that attracted world interest (2). It is
also needed for every patient with a
neurological problem or a neurological
manifestation of a systemic disease.

Convulsions
Convulsions in children that are not
accompanied by fever or convulsions that are
new in adults not known to suffer from
epilepsy always warrant investigation.
Convulsions suggest pathology in the
cranium and the best investigation is a CT
scan.

Neurological assessment aims to discover
symptoms, elicit signs and determine
solutions.
Symptoms

Comorbid diseases
The cardinal symptoms of neurological
disease are headache, convulsions,
disorders of balance, loss of vision or other
senses, loss of power and loss of sensation.
Some neurological conditions will present
with pain or paraesthesia, particularly those
that press on peripheral nerves or nerve
roots. We feel, we move; we move, talk and
swallow in a coordinated fashion; we see,
we hear, we taste, we smell, we touch and

Many diseases may affect the nervous
system. Diabetes and HIV (human
immunodeficiency virus) are PNG’s
emerging pandemics that will add to the
burden of neurological disorders. Diabetes
principally affects the peripheral nervous
system, damaging motor, sensory and
autonomic nerves. HIV affects both the
central and the peripheral nervous system.
1
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The site of the various lesions will determine
the symptoms and signs.

paralysis, between upper and lower motor
neurone disease, should normally be
straightforward. That tendon hammer may
be misplaced but most PNG doctors are
skilled in using the bell of their stethoscope
or some other appropriate object to test for
hypo- or hyper-reflexia. Other reflexes,
including the anocutaneous reflex (S3,4) and
cremasteric reflex (L1), are elicited by
scratching the appropriate skin with a needle.

Signs
Loss of balance
Neurologists make much of demonstrating
subtle loss of balance and coordination by
having patients walk a straight line, testing
finger to nose accuracy, checking the integrity
of the posterior columns with a tuning fork
and seeing if they fall down when they shut
their eyes. These are wonderful clinical signs
to elicit. Unfortunately most patients with
brain stem, cerebellar or posterior spinal cord
pathologies already have advanced lesions.
The history of what happened first will tell
you where the lesion started. Sadly,
opportunities to diagnose early, treatable
disease have usually been missed by the
time the patient reaches a specialist. This
was the case with the child who had
rhabdomyosarcoma of the spine (3).

Where is it?
The above symptoms and signs should
enable you to know roughly where the lesion
is located. However, to expect a reasonable
synthesis and diagnosis some knowledge of
anatomy is necessary. Power is at the front
of the spinal cord, sensation anterolaterally
and proprioception at the back. The
approximate course of the cranial nerves
inside and outside the skull help with
diagnosing the site.
What is it?

Cranial nerves
This question often cannot be answered
without histology. As access to the lesion
often requires neurosurgical skills many
doctors in PNG are limited to what can be
inferred from the findings of a lumbar
puncture and simple investigations such as
skull, spine and chest radiographs. The next
stage would be a myelogram or a CT scan
but these may be hard to obtain. The paper
on space-occupying lesions in PNG is one
of the first to help answer the question – what
is it? (4). We now know that tumours are
more common than tuberculomas as a cause
of space-occupying lesions even if
tuberculosis is more treatable (4). We know
that if a brain abscess can be diagnosed
quickly the mortality will be reduced from 40%
to around 10%. In children with open sutures
an ultrasound may allow the diagnosis and
this is much more widely available than CT.

If the brain stem or posterior cranial fossa
is involved cranial nerves may be failing to
function. It’s simple to test them – with a
little knowledge of anatomy you can work out
where a lesion might be according to which
nerves are working and which are defective.
No technology is needed to test the cranial
nerves other than possibly a working light to
observe the pupils (II/III), uvula, pharynx
(IX,X) and tongue (XII). Loss of vision is often
not appreciated till late but the ability to
examine the retina (with a dilated pupil) and
check eye movements (III,IV,VI) only requires
basic medical skills.
Loss of function
There should be grade 5 power in all four
limbs. There should be the ability to feel light
touch, vibrations and pain. A needle and
cotton wool are sufficient tools with a tuning
fork for the enthusiasts in clinical
examination. All doctors can do a rectal
examination and test for perianal sensation
and tone (lax or tight). Spinal cord lesions
will result in either loss of tone or set up in
time an automatic bladder and bowel in the
presence of a higher spinal pathology.

Some spinal pathology has an obvious
cause clinically. There may be a gibbus or a
vertebral pathological fracture. There may
be
multiple
neurofibromata
or
lymphadenopathy suggestive of Burkitt’s
lymphoma. There may be a primary tumour
with neurological metastases. However,
primary tumours seem common compared
with secondary metastases in PNG.
Neurosurgical skills will be required to open
the spinal canal to obtain tissue and
sometimes resect a benign lesion. They are

Tone and reflexes
Differentiating between flaccid and spastic
2
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also required for those cases with cold
abscesses pressing on the cord and failing
to respond adequately to a trial of
antituberculous chemotherapy (5,6). Such
skills are also required to biopsy or excise
undiagnosed space-occupying lesions within
the cranial cavity. However, the prognosis
in these cases is not always good and cure
can often only be achieved at a cost to
function.

probably too high a morbidity in PNG.
Blindness is usually not reversible and if the
patient agrees to surgery with unrealistic
expectations they will not get the outcome
they want. ‘Sori tumas’ will be often said by
the neurosurgeon; and so it should be.
The PNG neurosurgeon, limited by
resources for investigation and treatment, will
refer some of the wealthy, well-connected
cases overseas. However, they are the
minority. The majority of those that will
benefit from a correct histological diagnosis,
resection of a slow-growing tumour, or spinal
decompression by the most appropriate route
will benefit from the development of a
neurosurgical unit in Port Moresby. In time it
will provide substantial support to the general
surgeons around the country who must
continue to manage neurosurgical
emergencies.

Solutions
Who can treat it?
10 years ago the answer would have
usually been, “the visiting neurosurgeon”,
who comes once or twice a year. 20-30 years
ago we might have said, “Mr Clezy” – the
first general surgeon who had significant
training in neurosurgery. 100 years ago the
people of New Britain and New Ireland would
have visited the tena papait and been
trepanned (7). But since 2004 there is a
national neurosurgeon who, though
frustrated by lack of technological and
financial support, strives to give the best
possible service to his patients. He has
worked alongside a Chinese neurosurgeon
on temporary secondment to PNG. The
answer to the question, “Who can treat it?”
now includes a national surgeon. William
Kaptigau is the country’s first trained
neurosurgeon though he is certain to be
followed by a number of others as the 21st
century unfolds. The role of a neurosurgeon
in the management of neurological disease
is the subject of an accompanying editorial
though much of the pathology will still have
to be managed by the country’s general
surgeons (8). National general surgeons
have always been able to decompress a
spine (laminectomy for tumour and
costotransversectomy for tuberculous
anterior column disease with cold abscess).
They have usually been able to do a
ventriculoperitoneal (VP) shunt when the
equipment was available, but none have
gained a wide experience such that they
would regard themselves a specialist. The
series of shunts reported provides evidence
that the procedure can now be performed
reliably and with a low morbidity (9).

Kuru is one disease that cannot be treated
surgically and to date has only been
managed by prevention. The paper by
Michael Alpers on its history traces the
successful near-eradication of kuru and the
contributions of researchers and clinicians to
medicine at large (2).
Head injuries
The above has considered non-traumatic
neuropathologies. However, much of the
neurosurgical workload revolves around
head injuries, or traumatic brain injuries (TBI),
as Dr Kaptigau prefers to call them.
Whatever the terminology, there is a
demonstrable improvement in outcomes for
both closed head injuries (10) and open
depressed fractures (11). Most of the papers
in this issue deal with various aspects of head
injury – when to operate to evacuate
haematoma (12), how to manage a
penetrating injury (11,13), when and how to
monitor (14) and protecting the uninjured
brain (neuroprotection) (15). There is much
potential for scientific research but when one
comes down to brass tacks the issues are
pretty simple: maintain oxygenation, maintain
the blood pressure to optimize cerebral blood
flow/perfusion and make sure the intracranial
pressure (ICP) is not too high so that neither
cerebral blood flow is compromised nor does
the brain suffer further injury by squeezing –
including coning. If you cannot record
intracranial pressure you can still do
something about it. The measures
recommended to reduce intracranial

Should it be treated?
A neurosurgeon must always weigh up the
cost to the patient of resection. Loss of the
ability to swallow and avoid aspiration is
3
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pressure are straightforward. Raise the head
of the bed 30 degrees, keep the temperature
below 38°C, avoid kinking the jugular venous
outflow, make sure the patient does not strain
on the endotracheal tube (ETT) or fit,
resuscitate but do not overhydrate. Mannitol
and other diuretics are available in PNG;
there is not so much evidence that
barbiturates work but they are available and
the sedation might stop the patient straining
on the tube or fighting the ventilator. ICP
monitoring might be difficult to introduce
though the surgical skills are no more
demanding than making a burr hole. Even if
routine ICP monitoring is a few years away
from routine use most of the measures to
reduce ICP are simple and available as
mentioned above. There is one more need
– accurate diagnosis of haematomas and
their prompt evacuation. Deteriorating
conscious levels, localizing signs, and
sometimes failure to improve or continuous
fitting are indications to explore. A skull Xray will often show the site of a fracture if
there are no localizing signs but this may be
evident from palpating the scalp anyhow.
There is no doubt a CT scanner will make a
big difference to diagnosis but investigations
can also be a source of delayed intervention.
Let us hope CT is not too far away – it will
lead to considerable improvement – but at
the same time doctors and surgeons in PNG
should remember that the most important
things (oxygen, perfusion and avoiding
infection) are simple and already available.
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EDITORIAL
Neurosurgery in Papua New Guinea: quo vadis?
The key health priorities for Papua New
Guinea (PNG) are to alleviate poverty,
improve nutrition, ensure safe drinking water
and sanitation, prevent and treat infectious
diseases such as malaria, pneumonia,
gastroenteritis, tuberculosis and HIV/AIDS
(human immunodeficiency virus/acquired
immune deficiency syndrome), reduce infant
and maternal mortality, and reduce the
disability and death arising from trauma,
cardiovascular disease and diabetes.

resources, can treat most of these
neurosurgery problems with acceptable
morbidity and mortality. Less common
neurosurgical conditions require the
expertise of a neurosurgeon and include
cerebral and spinal tumours, aneurysmal
subarachnoid haemorrhage, hypertensive
intracerebral haemorrhage, cerebral vascular
malformations, subdural empyema, spinal
tuberculosis, syringomyelia, cerebellar
ectopia, diseases of the skull, peripheral
nerve disorders, and a myriad of other
neurosurgical problems. Surgery for epilepsy
is well developed in many specialized
neurosurgery centres including developing
countries such as India and Pakistan (5-7).
Neurosurgeons from Australia sent by the
Tertiary Health Services Programme of
AusAID and the Royal Australasian College
of Surgeons have been regularly visiting and
supporting the neurosurgery service for more
than 15 years, and neurosurgeons sent by
the People’s Republic of China have been
assisting for the past 5 years.

Despite these overwhelming priorities,
surgical services are also essential. Most
surgery in PNG is performed by general and
gynaecological surgeons or by rural medical
officers. Since Independence over 70
national surgeons have been trained in PNG
to Master of Medicine (MMed) level. These
now include specialist surgeons in
otolaryngology, ophthalmology, urology,
paediatric surgery, head and neck surgery,
oral and maxillofacial surgery and, since
2004, the first in neurosurgery (1).
Neurosurgery may seem an esoteric
technology-hungry, highly expensive luxury
only needed by a few people and therefore
of little value to the developing world including
PNG because there are other more urgent
health priorities. Even some doctors and
public health administrators who reside and
work in developing counties or who are
involved in international health organizations
are of this view. However, a ratio of one
neurosurgeon to 200,000 population is the
recommended requirement for neurosurgical
services (2). Although most developing
countries do not come close to this ratio, PNG
with a population of 5.7 million has one
neurosurgeon, which is clearly far below this
ratio. More neurosurgeons will certainly be
needed in the future but all within the context
of a specialist workforce plan.

The neurosurgeon also trains the general
surgeons who will be practising in remote
areas and will perform basic neurosurgery
including cranial and spinal trauma and
ventriculoperitoneal shunts. It is still the
general surgeon and the general physician
or paediatrician who will diagnose and
manage most neurological and neurosurgical
problems in PNG but there is the need for a
national referral centre at the Port Moresby
General Hospital where the patients with
more complex and specialized problems are
sent. However, such a service requires some
basic minimum standards of equipment for
the practice of neurosurgery; for example, a
CT (computed tomography) scanner (8),
special instruments and an operating
microscope. The World Federation of
Neurosurgical Societies (WFNS) supplies
neurosurgical instruments and an operating
microscope at a much-reduced cost to
developing countries. There are also
minimum requirements for supporting
services such as neuro-anaesthesia,
postoperative/intensive care nursing,
physiotherapy and rehabilitation.

The common neurosurgery problems
encountered in PNG are trauma to the head
and spine, central nervous system (CNS)
infection such as brain abscess, and
congenital disorders such as hydrocephalus,
spinal dysraphism and encephalocele (3,4).
General surgeons with the appropriate
training, but using basic equipment and

Patients with suspected cerebral and
5
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spinal tumours are being referred with greater
frequency to Port Moresby General Hospital
(PMGH) (4), but today the means for
diagnosing and treating them remain very
limited. Many of these patients are young
and a significant proportion have benign
tumours which may cause persistent
headaches, epileptic seizures, altered
personality, progressive deterioration in
cognitive function, and cranial nerve and limb
dysfunction, leading eventually to death. It
is tragic to see a young person become blind
from a pituitary tumour when timely transsphenoidal surgery may save their sight; or
seeing a patient become increasingly
disabled from an acoustic neuroma when
even a partial removal may alleviate their
symptoms. Malignant brain tumours and
cerebral metastases still have a poor
prognosis but combinations of surgery,
radiotherapy and chemotherapy may
produce quality survival for many months or
years. These treatments are still for the most
part unavailable in PNG. A specialist
neurosurgeon could concentrate on the brain
tumour cases and undertake the
multidisciplinary complex skull base and
craniofacial surgery with ophthalmology and
ear, nose and throat (ENT) colleagues. Third
ventriculostomy is an endoscopic procedure
that can obviate the need for
ventriculoperitoneal shunts. One enterprising
American neurosurgeon working in Uganda
has reported the results of 550 third
ventriculostomies to treat hydrocephalus in
children mostly under one year of age (9).
This procedure could be performed in PNG
if the equipment were available. The
consequences of not treating children with
hydrocephalus are mental retardation,
lifelong dependence and unsightly cranial
enlargement. It is likely that life expectancy
will gradually increase in PNG and the
western diseases including hypertension,
cerebrovascular disease and stroke will also
increase. This will generate more work for
national neurologists and neurosurgeons.

public education initiatives. Another area
would be to support paediatricians and
obstetricians in reducing the incidence of
congenital neural tube defects (NTD) such
as encephalocele and spina bifida through
the administration of folate in the first
trimester of pregnancy.
We therefore argue strongly that the status
quo is not an option for PNG. There is much
to be done to further develop neurosurgery
and neurology services and although it will
involve some financial outlay, the investment
that would be required in the overall health
budget is relatively small. We believe the
dividends that would result in the reduction
of human suffering and improvements in the
health of the nation amply justify the outlay,
and the health priorities of PNG could still
receive their due.
J.V. Rosenfeld
University of Papua New Guinea and
Department of Surgery
Port Moresby General Hospital and
Departments of Surgery and Neurosurgery
The Alfred Hospital and
Monash University
Victoria 3800
Australia
W. Matui Kaptigau
University of Papua New Guinea and
Department of Surgery
Port Moresby General Hospital
Free Mail Bag
Boroko, NCD 111
Papua New Guinea
Y.F. Xie
Chong Qing Medical University and
University of Papua New Guinea and
Department of Surgery
Port Moresby General Hospital
Free Mail Bag
Boroko, NCD 111
Papua New Guinea

A neurosurgical service provides an
opportunity for medical students and general
surgeons to be taught the basics by a
specialist. The MB BS and MMed programs
will be all the more self-sufficient with resident
neurosurgical specialists.
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EDITORIAL
Why computed tomography is needed in Papua New Guinea

Computed tomography (CT) was
introduced in the 1970s and rapidly
transformed diagnostic imaging, especially
in neurology and neurosurgery. Direct
images of brain pathology could be seen and
therapy could be precisely directed to the
pathology. As a result of more accurate
diagnosis, the mortality of various conditions
began to fall. For instance, the mortality of
brain abscess fell from >40% before CT to
approximately 10% following its introduction
(1,2), and the mortality from severe head
injuries fell from 60-80% to 20-30% in
specialized centres (3,4).

CT scanning and now magnetic
resonance imaging (MRI) are the key to
modern diagnosis and treatment in
neurosurgery and neurology. Most pathology
in the brain is not adequately diagnosed by
the present diagnostic modalities in PNG
such as ultrasound, plain X-rays and
angiography. CT scan is required to
diagnose life-threatening mass lesions such
as abscess, haemorrhage and tumour.
These lesions can then be treated by the
appropriate surgery. Neurosurgery is limited
and less safe without CT. We do not believe
a neurosurgery service in PNG is viable
without CT.

The priorities of health care for Papua New
Guinea (PNG) are preventive health and
primary health care. However, specialist
medical services are also a necessity. There
are well-organized specialist services in the
hospitals of PNG and this results in improved
health outcomes for many PNG citizens.
PNG has self-sufficiency in the training of
medical and surgical specialists. The first
author (WMK) is the first national surgeon to
train and qualify in neurosurgery. Many brain
disorders can potentially be treated in PNG
(5), but the absence of CT scanning makes
this very difficult. There are strong arguments
for the acquisition of CT imaging for the Port
Moresby General Hospital (PMGH), which is
the principal referral centre for neurological
disorders in Papua New Guinea. The people
of PNG are becoming increasingly aware of
health issues and what treatments are
available internationally and increasingly are
demanding access to CT. The risk of
litigation may also increase without the
support of CT-guided diagnosis.

A high trauma caseload results in about
90% of neurosurgery admissions at PMGH
being head injuries (6,7). CT is indispensable
for the decision-making in these cases. 30%
of the surgical deaths over the last 30 years
have been due to traumatic brain injury (TBI)
despite it being responsible for only 5% of
admissions (8-10). The victims are usually
young and healthy. The mortality and
morbidity of severe TBI is a heavy loss and
a burden to PNG society. 35 (51%) of 68
cases of severe TBI with a Glasgow Coma
Score (GCS) of less than 8 in 2003-2004
were either dead or severely impaired (6,7).
Early and precise diagnosis of head injuries
with CT scan is needed to reduce this
morbidity and mortality. We know of a
number of cases of diagnostic burr holes
being negative in patients with TBI, which
would not occur if CT were available (6,7).
Intracranial haematomas may be missed
without CT resulting in preventable morbidity
or mortality. CT is far superior to plain
radiographs for the precise diagnosis of
spinal fracture/dislocations.

The sole CT scanner for PNG is a private
scanner in Port Moresby but this is clearly
inadequate to meet the health needs of the
whole population. It is inaccessible to most
patients because of distance and cost. We
have seen many families borrowing heavily
and entire villages using valuable income to
pay for a private CT scan. It is also
impractical and dangerous to transport sick
patients from PMGH to another hospital for
CT scanning.

Lack of CT in PNG is one important reason
why many brain tumours are diagnosed at a
late stage when only palliative care can be
offered. Early CT scan and neurosurgical
intervention would achieve better results.
The high number of paediatric neurosurgical
cases especially tumours warrants the
availability of CT scan to help the children of
PNG (6,7). At PMGH, brain tumour is the
commonest solid tumour in children though
8
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fewer than 30% of the brain tumours at
PMGH are in children. The diagnosis and
treatment of pituitary tumours, which are
relatively common in highlanders, is severely
compromised without CT.

Pius Umo
Department of Radiology
Port Moresby General Hospital
Free Mail Bag
Boroko, NCD 111
Papua New Guinea

CT is also indispensable for the diagnosis
and staging of neoplasms in soft tissue and
bone and its availability would improve the
quality of surgery and outcome. CT is
essential for the investigation of patients with
medical conditions such as stroke, epilepsy
and coma. Most of the patients in acute coma
at PMGH are treated on clinical grounds as
malaria or stroke and slower-onset coma is
often treated with TB (tuberculosis) therapy.
CT of the chest, abdomen and pelvis is very
important in trauma, in the diagnosis and
staging of solid tumours and in the
investigation of infection, particularly
concealed infection in the body cavities. CT
myelography is very useful in the diagnosis
of disc prolapse and intraspinal mass lesions.

J.V. Rosenfeld
University of Papua New Guinea and
Department of Surgery
Port Moresby General Hospital and
Departments of Surgery and Neurosurgery
The Alfred Hospital and
Monash University
Victoria 3800
Australia
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Medical research, teaching and training
would also receive a tremendous boost with
the acquisition of a CT scanner. CT scanning
is now 35 years old and is essential for
hospital-based specialist care. Precision in
diagnosis using CT is likely to reduce hospital
costs and shorten hospital stay by allowing
physicians to choose better treatment options
earlier. We urge the Government of Papua
New Guinea to introduce CT scanning in the
public health service. This should start in
Port Moresby, the centre for teaching and
training, but must also be planned for the
level two hospitals. The people of PNG
deserve no less.

W. Matui Kaptigau
University of Papua New Guinea and
Department of Surgery
Port Moresby General Hospital
Free Mail Bag
Boroko, NCD 111
Papua New Guinea
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A history of kuru
MICHAEL P. ALPERS1
Curtin University of Technology, Perth, Australia and MRC Prion Unit, University
College London, United Kingdom
SUMMARY
Kuru is placed in its geographic and linguistic setting in the Eastern Highlands of
Papua New Guinea. The epidemic of kuru has declined over the period 1957 to 2005
from more than 200 deaths a year to 1 or none. Since transmission of the kuru prion
agent through the mortuary practice of transumption ceased by the early 1960s, the
continuation of the epidemic into the present century demonstrates the long incubation
periods that are possible in human prion diseases. Several histories of kuru are
portrayed, from the different perspectives of the Fore people, of the scientists striving
to elucidate the disease, of those engaged in research on prions, and of humans
confronting the implications of kuru-like epidemics in the remote past. Kuru has
connections to bovine spongiform encephalopathy through intraspecies recycling. The
influence of host genetics on the incubation period in kuru may help to predict the
shape of the still ongoing epidemic of variant Creutzfeldt-Jakob disease.
Kuru is the best-known neurological
disease in Papua New Guinea (PNG). It may
not have been the most prevalent, compared
to cerebral malaria, for example, but in the
late 1950s, when kuru was first investigated,
more than 200 of the Fore people and their
neighbours in the kuru region of the Eastern
Highlands Province (Figure 1) died of it each
year (4).

from the Fore, with more in the South than
the North. Both the incidence rate and the
population were greater in the South Fore
than the North (11), which explains this
preponderance. However, it must also be
noted that the numbers of kuru cases
declined from 1960 onwards and this decline
had begun earlier in the North. Social change
came from the north, down the long axis of
the kuru region, until it reached the remote
south; the last cases of kuru have all occurred
in the southern half of the region (12). It is of
interest that in 1957-1959 the Fore had 82%
of the total number of kuru cases (11), of
which 61% were South Fore and 21% North
Fore; already by 1961-1963 there was a
change: Fore 84%; South 69%, North 15%.
The dynamics of social change as well as
changing epidemiological patterns must be
taken into account in any analysis of the
epidemic. When investigated in depth,
human genetic differences and variations in
human behaviour between clans and
linguistic groups may also reveal new
explanatory factors for the temporal and

From oral history, the first cases of kuru
were recognized in the region about 1910.
When it was first investigated 50 years ago
by D. Carleton Gajdusek and Vincent Zigas
(1,6-8) kuru had expanded into a major
epidemic. It began on the edge of the kuru
region, in Uwami, in the Keiagana linguistic
group, spread to Awande in the North Fore
and along the valley to Kasokana, from
where it moved both north and south,
principally to the people of the North and
South Fore. Accounts of the spread of kuru
have been provided by Robert Glasse (9) and
John Mathews (10). Of the more than 2700
recorded cases of kuru, over 80% have been
1

Centre for International Health, Division of Health Sciences. Shenton Park Campus, Curtin University of
Technology, GPO Box U1987, Perth, WA 6845, Australia, and
MRC Prion Unit, Institute of Neurology, University College London, The National Hospital for Neurology and
Neurosurgery, Queen Square, London WC1N 2BG, England, United Kingdom
Formerly Papua New Guinea Institute of Medical Research, PO Box 60, Goroka, EHP 441, Papua New
Guinea
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Figure 1. Linguistic boundaries of the kuru region and other areas of the eastern central highlands of Papua New
Guinea (including Eastern Highlands Province and Simbu Province and extending into Western Highlands
Province to the west, Gulf Province to the south, Morobe Province to the east and north-east and Madang
Province to the north). This figure also has a history, having evolved from the first version in Gajdusek and Zigas,
1958 (1) to versions in Gajdusek and Zigas, 1961 (2), Curtain, Gajdusek and Zigas, 1961 (3), Alpers, 1965 (4)
and Gajdusek and Alpers, 1972 (5). Modified from Gajdusek and Alpers (5).

43 years after the peak for the epidemic to
drop to 1 or no case a year, which has been
the situation since 2002. The declining
epidemic seems thus to resemble a mirror
image of the presumed slow exponential rise
of the epidemic from about 1910 to 1959.
The decline of the epidemic, when plotted in
5-year periods, is depicted in Figure 2 (a
figure first shown at the Annual Symposium
of the Medical Society of Papua New Guinea
in Goroka in 2005).

geographic shape of the epidemic.
The kuru epidemic seems to have reached
its peak in 1958-1959. It certainly began to
decline from 1960, as demonstrated by the
kuru surveillance data. Before 1957 there
are no data at all, but nothing in the oral
history suggests there had been a peak in
the epidemic from which it was declining
when government control was established in
the area and kuru surveillance began. In fact
the epidemic of kuru seemed to keep growing
and it took some years before the
epidemiological decline and its specific
details, the changing patterns of kuru (11),
were described, and even longer before their
significance was understood. This decline
has proven to have a long tail and it has taken

This figure sums up the history of kuru
since scientific investigation began, and if one
assumes a matching curve of epidemic rise,
putting them together graphically displays the
whole epidemic, as depicted by Alpers and
Hörnlimann (15). However, kuru-like disease
11
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Figure 2. The kuru epidemic 1957-2001 plotted in 5-year periods. Total number of cases, male cases and those
aged under 20 years are plotted separately. The graph represents work in progress, since the data for the period
1977-1986 are still being extracted from field records. Sources of data: Alpers, 1979 (13), Alpers and Kuru
Surveillance Team, 2005 (12) and Collinge et al., 2006 (14).

so did other groups of people in the Eastern
Highlands, which meant that the Fore and
neighbouring linguistic groups of the Okapa
District were feared throughout the province
as powerful and dangerous sorcerers. One
of the anthropologists who first studied the
people of the kuru region decided that kuru
had a psychosomatic basis (16). So the
medical recognition of kuru as an organic
neurological disease (6,7) was an essential
beginning, even if the first clinical description

goes back into remote human history, which
is where the history of kuru really begins. To
discuss this requires an explanation of what
sort of disease kuru is and an account of the
history of the scientific elucidation of kuru.
Kuru is a purely neurological disease, with
no clinical or pathological features related to
systems other than the central nervous
system (CNS). The Fore believed it was
caused by a most powerful form of sorcery –
12
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was not exact. It was subsequently
established that kuru was a progressive
cerebellar disease (17) with, in cases
carefully followed longitudinally, features of
other involvement of the CNS, often shortlived (18). The cerebellar disease has the
principal components of astasia, ataxia of
gait, trunkal instability and shaking tremors
(‘kuru’ means shaking or shivering in the Fore
language). The disease progresses to upper
limb dysmetria, dysarthria, dysphagia and
generalized motor incapacity, leading
inexorably to complete inanition and death.
Kuru is always fatal; its clinical course from
onset to death lasts on average about 12
months and has a range of 3 months to 2
years, with a few outliers extending to 3 years
(11,19).

Clinically, kuru is a syndrome with unique
characteristics. Furthermore, it has been
restricted to the people of a small region,
about 65 km by 40 km in size, in the southeastern part of the Eastern Highlands of
PNG. It is a familial disease and initially was
regarded as yet another of the rare heredofamilial neurodegenerative diseases, with a
genetic origin. Though the high incidence of
a fatal disease in the affected population and
the distorted sex and age distribution argued
against a genetic disease, a genetic
explanation was considered most likely by
the early investigators of kuru, and a specific
genetic hypothesis was proposed to explain
its familial pattern (24).
The pathology of kuru suggested a
similarity in essential features to CreutzfeldtJakob disease (CJD), another very rare but
in this case cosmopolitan disease, occurring
sporadically in all human populations at an
incidence of about 1 per million per annum.
This similarity was first observed by Igor
Klatzo (21). Then another, unexpected
connection to kuru emerged – unexpected,
because clinicians and pathologists of human
diseases inhabited a separate domain from
their veterinary counterparts. The connection
occurred, not because scientists of human
medicine started reading the veterinary
literature, but because William Hadlow, a
veterinary neuropathologist from Montana,
while working in England, visited the
Wellcome Medical Museum in London to see
an exhibition on kuru prepared by Carleton
Gajdusek. Hadlow recognized that the
neuropathology of kuru was exactly the same
as that of scrapie, a neurodegenerative
disease of sheep (25). The exciting fact
about scrapie was that, although a
‘degenerative’ disease, it was infectious and
transmissible, with long incubation periods
measured in years, to sheep and goats. The
corollary was that serious attempts should
be made to transmit kuru to non-human
primates and allow for very long periods of
observation to encompass possible long
incubation periods. Accordingly, an
experimental program was initiated to
inoculate chimpanzees, as the host closest
to humans, with kuru brain material obtained
as soon as possible after death and to follow
the animals carefully for 10 years before a
negative outcome would be declared.

The neuropathology of kuru matches its
clinical features in distribution: maximal in the
palaeocerebellum causing atrophy of the
vermis, which is the only abnormal feature
of the brain macroscopically, marked in the
neocerebellum, and widespread throughout
the brain, including parts of the cerebral
cortex (20, 21). The neuropathological
features are neuronal degeneration with
vacuolation, astrocytic hypertrophy and
proliferation, amyloid plaques – though called
‘kuru plaques’ they are not present in every
case – and status spongiosus (22,23), with
the absence of signs of inflammation.
Pathologically, kuru is a degenerative
disease, an encephalopathy not an
encephalitis. Combining this with the
characteristic spongiform change has
created
the
name
‘spongiform
encephalopathy’ for kuru and related
diseases.
The sex and age distribution of kuru was
unusual: in 1957-1959 60% of cases were in
adult females, 38% in children and
adolescents (about equally in males and
females) and only 2% in adult males (11).
The age of kuru patients ranged from 4 years
to over 60 years. This was the pattern at the
height of the epidemic in the late 1950s. In
the 1960s, however, the epidemiological
pattern began to change (4,11). There was
a small decline, which gradually increased
in rate, but the striking finding was the
disappearance of the disease in the very
young, firstly in those under 10 years and,
later, in the 10-14 year olds. Though not
immediately obvious, it finally became clear
that the cohort of children born since 1960
were growing up free of kuru.

The experiment was established by
Carleton Gajdusek at the National Institutes
of Health (NIH) in the United States. A
13
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special facility was built in the woods of
Maryland to house the chimpanzees and care
for them, under the direction of C. Joseph
Gibbs Jr. The autopsies in the field were
conducted by myself on patients whom I had
followed throughout the course of their
disease. The brain material for inoculation
and for pathological examination was sent
from the field to Melbourne in Australia and
thence to the NIH. I subsequently went to
the NIH and followed the inoculated
chimpanzees in the primate facility through
regular clinical examination and cinema
recording. In the event, we did not have to
wait for 10 years: after about 2 years one,
then another, of the first chimpanzees
inoculated came down with a behavioural
change that developed into an ataxic
syndrome. As the ataxia progressed, it
became clear that the chimpanzees were
suffering from a severe disease, which I
diagnosed as kuru. This inexorable progress
was documented on film, and was followed
clinically until the chimpanzees, who had
been given names by their carers and whose
personalities were well known to us, entered
the terminal stage of kuru and were put out
of their misery. At least I did not have to
watch them suffer in a moribund, dying state
for 6-8 weeks as I had done for the kuru
patients I knew so well and for whom I could
do so little except relieve their physical pain
and discomfort. After an autopsy carried out
by Joe Gibbs and myself, the diagnosis of
kuru in the chimpanzee was confirmed
pathologically by Elisabeth Beck and the
transmission of kuru reported (26,27).

caused by an infectious agent (because of
its characteristics, called at that time a slow
virus). It was naturally transmitted through
the mortuary practice of transumption of the
dead that was universal in the region in the
past: the bodies of dead relatives were eaten
and incorporated into the bodies of the living.
It was not casual consumption: everyone was
eaten, with rare exceptions (for example,
those dying of a corrupting disease were
usually buried or placed on a platform, but
kuru patients were invariably eaten), and the
whole body was consumed. Though
practices varied in detail between clans the
essentials were the same throughout the
region. It was the women and children who
ate the brain, which explained their
susceptibility to transmission when a person
who died of kuru was eaten. The men – and
boys once they had left their mother’s care
and moved into the men’s house with their
father and uncles – did not partake, or ate
only the meat (which is not infectious), which
explains why adult males suffered so little
from kuru; and because of the potential long
incubation period of the disease adult male
cases were probably all from transmission
in early childhood, with incubation periods
measured in decades. The familial nature
of the disease was readily explained because
of the participation of the extended family in
the mortuary feasts of all their dead
members. The clustering of cases within a
clan was also explained, since the incubation
period was often remarkably similar from
exposure at a particular feast, even after
many years, as we found when the last
mortuary feasts were investigated in detail
(28). The practice of transumption extended
beyond the kuru region so by itself it could
not have been a sufficient explanation for the
kuru epidemic. I have adopted the word
‘transumption’ (first used in the Burnet
Oration at a joint meeting of the Australasian
Society for Infectious Diseases and the
Australasian College of Tropical Medicine in
Cairns in 1999) to designate the mortuary
practice of consumption of the dead and
incorporation of the body of the dead person
into the bodies of living relatives, thus helping
to free the spirit of the dead; this practice had
deep significance for the Fore people and
their neighbours.

This was an extraordinary new finding in
human medicine – so important indeed that
it led to the award of a Nobel Prize to Carleton
Gajdusek in 1976. More immediately it
added an essential piece of information to
help solve the puzzle of kuru. Perhaps
surprisingly, the solution was not immediately
obvious: firstly, there were many pieces of
information that had to be integrated and
fitted together before the puzzle could be
solved; secondly, as in solving any puzzle,
how to fit the pieces together was not at all
clear and only became blindingly obvious
once the solution had been found. The
solution depended on integrating biomedical
(clinical, pathological and, in particular,
experimental), epidemiological and human
behavioural (anthropological) information.

The traditional mortuary practices of the
people, despite their social and ritualistic
importance, were summarily and effectively
banned by the Australian administration
when it came into the kuru region in the mid-

The key to the solution of kuru was its
transmissibility, which showed that kuru was
14
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1950s and established the Okapa
government station. Though the practices
continued surreptitiously to some extent for
a few years, public feasting with transumption
stopped immediately. This explained why
the cohort born since 1960 was entirely free
of kuru: transmission of the infectious agent
of kuru had by then ceased completely. It
was also possible to conclude, when the
pieces of the puzzle were fitted together in
1967 (29), that kuru could not be transmitted
vertically from mother to child, because many
mothers with kuru have been pregnant, given
birth and breastfed their children since 1960
without one such child coming down with
kuru. The only reason that kuru has
continued at all since 1960 is its long
incubation period, which in a few cases may
be more than 50 years (14). With the
passage of time cases have become
progressively older and fewer in number. In
1967 the last patient aged under 10 years
died; in 1973 the last under 20; in 1987 the
last under 30; and in 1991 the last under 40
(12,13). It was also concluded in 1967 that
the transmissibility of kuru and its proposed
mode of transmission did not negate the
possibility of a genetic component to the
aetiology, even though a purely genetic
explanation was no longer tenable. This has
been amply demonstrated by subsequent
work (14), and studies on human genetics in
the kuru region continue today.

resistant to decontamination by all the usual
methods, such as heat and disinfectants, and
appeared not to contain any nucleic acid (32).
A slow or unconventional virus was a useful
label for them but the idea was also proposed
and widely discussed that the agents were
pure protein, devoid of nucleic acid (33). The
convincing breakthrough did not occur,
however, until Stanley Prusiner and his
colleagues had investigated the biochemistry
of the scrapie agent in detail, amassed
evidence to support the hypothesis that the
agents of scrapie, kuru and other TSEs were
indeed ‘protein only’ and in a totally different
class from other microbiological pathogens,
and Prusiner had invented a name for them:
prions (34), which described proteinaceous
infectious particles. The prion hypothesis
was soon strongly supported by finding the
host gene that coded for the agent (35). This
made it clear that host-coding was an
essential part of the prion hypothesis, where
the biologically necessary involvement of
nucleic acid in prion replication took place,
even though the agent itself was pure protein.
The unifying concept was that a posttranslationally modified isoform of the host
prion protein was the infectious agent or
prion, with its infectivity expressed in its
shape, and that it was capable of replication
by induction of its pathogenic, infectious
shape on the normal host-coded cellular
prion protein, which led to a self-propagating,
expanding process that was lethal to
neurons. The prion isoform was also
resistant to proteolytic breakdown, and it
accumulated in the brain as amyloid fibrils.
The normal protein is a transmembrane
protein expressed in all neurons, though its
function is still not known. For recent reviews
of the complexity of the world of prions see
Prusiner (36), Collinge (37) and Hörnlimann
et al. (38). For initiating this strong proteinonly hypothesis, leading the group dedicated
to obtaining the necessary evidence to
support it and pushing it hard as a new
paradigm against vociferous opposition from
his more conservative and sceptical scientific
colleagues, Stanley Prusiner was awarded
the Nobel Prize for Medicine in 1997.

At the same time as the implications of
the transmissibility of kuru were being worked
out, further transmission experiments were
underway. Creutzfeldt-Jakob disease is a
subacute, progressive, dementing (rather
than ataxic) disease but since it is
histopathologically similar to kuru it made
sense to test whether that disease also was
transmissible to chimpanzees: and it was
(30,31), with an incubation period similar to
that of experimental kuru. This expanded
the implications of kuru-like infections to the
whole world and led to wide-ranging work on
the properties of the causative agents,
principally using scrapie in the mouse or
hamster as the experimental model. This
group of infectious diseases, with their
characteristic spongiform encephalopathy,
now became known as the transmissible
spongiform encephalopathies (TSEs).

This brings us to a contemporary view of
kuru, and its ramifications into the novel
concept of prion diseases. When kuru will
finally disappear we do not know, though the
end of kuru is certainly in sight. The last case
will of course only be determined in
retrospect. Epidemiological surveillance
continues, to ensure that rigorous data are

The properties of the agents causing the
TSEs proved to be extraordinary, unlike any
infectious agent previously known to
microbiology. They were almost totally
15
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available to establish the length of incubation
period that is possible in human prion
disease.

seated and ancient human disease. Its
sporadic occurrence in an individual in the
kuru region is the probable origin of the kuru
epidemic. Without the mortuary practice of
transumption in the region this would have
been an isolated event of no epidemiological
consequence. Transumption itself was not
sufficient to create the epidemic. Through
their combination, however, as with BSE, the
epidemic was slowly created, and expanded
to disastrous proportions. The clinical
phenotype of kuru may derive from a rare,
ataxic kuru-like form of CJD or it may have
been modified from the classical, dementing
form to an ataxic phenotype by peripheral
passage, as occurs in the iatrogenic CJD that
follows intramuscular transmission of
cadaver-derived growth hormone (whereas
iatrogenic intracerebral transmission through
neurosurgery causes classical, dementing
CJD).

Nevertheless, the legacy of kuru will
continue, since it is a model for bovine
spongiform encephalopathy (BSE) and its
human form, variant Creutzfeldt-Jakob
disease (vCJD). BSE was first recognized
in cattle in England in 1986 and the epidemic
quickly expanded, leading to the slaughter
of millions of cattle in the UK in attempts to
contain the disease. BSE and kuru share
the unusual feature of being caused by the
intraspecies recycling of CNS material. The
mode of transmission in kuru has been
explained. In BSE, meat-and-bone meal
containing brain and spinal cord, partly from
mechanically recovered meat from the last
scrapings of the carcass, was fed to calves
to improve their diet; once heat-resistant
infectious prions got into this system they
were amplified through successive recycling.
The origin of the prions is most likely a
spontaneous BSE in cattle (similar to
sporadic CJD in humans) but, by the nature
of prion replication and the host coding of
the prion protein, whatever the original
source (for example, it could have been
scrapie in sheep), once the prion was
expressed in bovines it became a bovine
agent.

The process of prion replication is likely to
be a fundamental biological phenomenon,
not just a bizarre addition to the microbiology
of infectious disease, even if that is how the
phenomenon was discovered. Amplification
through prionic replication of proteins bearing
specific information encoded in their shape
is likely to be involved, through switching
between functionally distinct protein states,
in maintaining and entraining circadian
rhythms, and in fixing memory traces (41);
in yeast, prions have been shown to have a
genetic rather than an infectious function
(42).

With vCJD the connection with kuru is the
oral spread of a human prion disease, since
vCJD is caused by eating meat contaminated
with BSE prions. The long incubation periods
of kuru imply even longer ones in vCJD since
kuru is human-to-human transmission and
vCJD is bovine-to-human: intraspecies
transmission was known from the first
experiments with kuru to have about half the
incubation period of interspecies
transmission (39). This also means that
secondary human-to-human transmission of
vCJD – for example, via blood – will tend to
have a shorter incubation period, influenced
further by the parenteral route of
transmission. The relationship between kuru
and vCJD has been explored by John
Collinge and colleagues (14,40).

Study of the genetics of the prion protein
has disclosed a number of mutations which
lead to increased susceptibility to prion
disease, creating familial forms of CJD.
There is also a polymorphism at codon 129
of the prion protein gene that has multiple
effects; in humans amino acid 129 may be
either methionine (M) or valine (V).
Homozygous individuals, especially those
who are MM, are more susceptible to prion
disease and have shorter incubation periods;
for example, all clinical cases of vCJD so far
have been MM at this locus. In kuru, younger
patients, with necessarily shorter incubation
periods, have been predominantly
homozygous whereas older patients in the
past and recent older patients with known
long incubation periods have been mostly MV
heterozygous (14, 43). Therefore the
evolutionary process that would maximize
resistance to kuru-like disease is a balancing
selection that maximizes human prion protein

The history of kuru thus continues, since
the epidemic of vCJD is likely to have a long
and uncertain future, and it will always be
measured in relation to kuru. The history of
kuru also extends back into the remote
human past. Creutzfeldt-Jakob disease,
though rare, is likely to represent a deep16
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gene heterozygosity. Such a balancing
selection was found by haplotypic analysis
of the Fore population (44). Remarkably, this
balancing selection was not confined to the
Fore but was found, with an ancient origin,
in many human populations, suggesting the
widespread occurrence of kuru-like
epidemics in the remote human past. This
is consistent also with the archaeological
evidence for cannibalism in many past
societies. The history of kuru and the
associated practice of transumption of the
dead thus has an ancient human lineage,
going back indeed before the advent of
modern humans; its legacy is still evident in
the genes of contemporary human beings
and has been brought to light through
ongoing investigations into the genetics of
kuru. The prediction in 1967 that there was
still much to learn from the genetics of kuru
has been fully justified. Indeed the major
research activity associated with our
contemporary epidemiological surveillance of
kuru is an integrated study of genetics and
mortuary practices. This is being conducted
by Jerome Whitfield and other members of
the MRC (Medical Research Council of the
UK) Prion Unit and the Papua New Guinea
Institute of Medical Research. The
behavioural studies continue the enquiries
carried out over many years by Carleton
Gajdusek and myself and, in particular, the
work of Robert Glasse (45) and Shirley
Lindenbaum (46). The ongoing integrated
studies involve the essential participation of
elderly survivors of the kuru epidemic, who
have both the advantageous genes and the
detailed knowledge of the past to inform our
research.

influence our thinking about human disease,
human behaviour and human biology.
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Skull trepanation in the Bismarck Archipelago
DAVID A.K. WATTERS1
Department of Clinical and Biomedical Sciences, University of Melbourne and Barwon
Health, Geelong Hospital, Australia
SUMMARY
Background: Skull trepanation is an ancient art and has been recognized in many, if
not most, primitive societies. Papua New Guinea came into contact with Europeans in
the late 1800s and therefore it was possible for the art to be documented at a time when
cranial surgery in Europe was still in its infancy. Methods: A review of published articles
and accounts of those who observed skull trepanation or spoke to those who had.
Review of a video of trepanation as practised today in Lihir. Findings: Richard Parkinson
was a trader turned amateur anthropologist who was able to observe the surgical
procedure being practised in Blanche Bay (New Britain). Trepanation was also witnessed
by Rev. J.A. Crump in the Duke of Yorks. In New Britain the operation was performed
for trauma but in New Ireland it was also employed on conscious patients for epilepsy
or severe headache, particularly in the first five years of life. There was, however, a
tendency to operate on frontal depressed and open fractures, rather than temporoparietal
ones. Once the decision to operate was made the wound was irrigated in coconut juice
and this was also used to wash the hands of the surgeon. Anaesthesia was not required
as the traumatized patient was unconscious. The procedure is described and the tools
included local materials such as obsidian, shark’s tooth, a sharpened shell, rattan,
coconut shell and bamboo. Of particular interest is the observation of brain pulsations
and their relationship to a successful outcome. Assessment: The outcomes were good,
in that 70% of patients were thought to survive, contrasting with a 75% mortality for
cranial surgery in London in the 1870s. There is supporting evidence in that many
trepanned skulls show evidence of healing and life long after the procedure was
completed. Other societies have reported similar survival rates. The good outcomes
may have been due to wise case selection as well as a high level of surgical skill following
sound principles of wound debridement without necessarily being able to drain a
haematoma.
for trauma but in New Ireland it was also
employed for epilepsy or severe headache
– particularly in the first five years of life.

Skull trepanning is an ancient art and has
been recognized in many, if not most,
primitive societies (1,2). It was practised in
New Britain, New Ireland, Lihir and the Duke
of Yorks and also in New Caledonia and the
Loyalty Islands (3). Papua New Guinea
came into contact with Europeans in the late
1800s and therefore it was possible for the
art to be documented at a time when cranial
surgery in Europe was still in its infancy
(Figure 1).

The surgeon was called the tena papait
(wizard) and was a male in both New Britain
and the Duke of Yorks. The procedure took
place next to the battleground.
Mechanism of injury
Crump gave a paper to the Royal
Anthropological Society in 1901 describing
his observations of trepanation and the
injuries it was designed to treat (5):

Richard Parkinson was a trader turned
amateur anthropologist, and one of a select
number who was able to observe the surgical
procedure being practised (Figure 2) (4).
Another was Rev. J.A. Crump, a missionary
in the Duke of York Islands. In Neu Pommern
(New Britain) the operation was performed
1

“the sling is the most formidable weapon
used, a smooth stone as large as a pullet’s
egg being thrown with moderate accuracy

Department of Clinical and Biomedical Sciences, University of Melbourne and Barwon Health, Geelong
Hospital, Geelong, Victoria 3220, Australia
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Figure 1. Photo of trepanned skulls from North Solomons. Source: Max Quanchi.

Figure 2. Trepanned frontal bone, with some healing of the edges. Note that this trepanation goes through the
midline and it looks like the superior sagittal sinus would have been breached. Source: Parkinson (4).
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but considerable force. A blow from a sling
stone is generally the cause of the fracture
for which the operation is found necessary,
the depressed portions of bone or
haemorrhage beneath the skull causing
compression, and death almost invariably
results if the injury is not attended to. Injury
caused by the stone-headed club is almost
instantly fatal, but the flat two-edged club
is not so deadly and permits of the
occasional operation.”

attached to a lock of hair. The bone
fragments were removed from the wound
with coconut shell fragments, exposing the
brain. Richard Parkinson observed (4):
“should he find that the brain has a gentle,
pulsating movement, he is very happy, and
promises a rapid recovery; however, if he
observes no movement …. He then assumes
a serious demeanour. … he does not give it
all up for lost but begins to search for
concealed bone splinters …. Carefully parts
the brain folds until he finds the bone splinters
hidden between them and removes them …”.
The operation was completed by removing
all the sharp edges to leave a smooth round
or elliptical hole in the skull. Great care was
taken to ensure that fragments rubbed off did
not fall into the cranial cavity.

Case selection
There was, however, a tendency to
operate on frontal depressed and open
fractures, rather than temporoparietal ones.
Frontal fractures generally do better than
temporoparietal ones. Anaesthesia was not
required as the patient was unconscious.

Closure and dressing

Richard Parkinson wrote (4):

The wound was irrigated with coconut juice
and the hair around shaved off. The skull
was dressed with inner bark (mal) or banana
leaf and the skin flaps held together over the
top of this dura graft-like implant dressing by
a mesh of rattan (kalil).

“The natives’ surgical knowledge extends
to the treatment of skull fractures
originating from sling-shot stones,
undoubtedly their high point. Should a
native be knocked insensible by a
slingshot stone in battle, he is immediately
dragged unconscious from the battlefield
and brought to the person entrusted with
the treatment of such wounds. … Should
the stone have crushed the temple, then
he immediately pronounces the wound as
fatal and undertakes no operation. If on
the other hand the frontal bone is crushed
he immediately proceeds to trepanation.”

“He covers the hole with a small piece,
mal, of inner bark from a certain tree or
with a small piece of innermost leaf of a
certain banana, which has previously been
held for a few moments over a charcoal
fire. Then the scalp flaps are slowly and
carefully drawn over the skull and laid in
their original positions. The hair around
the wound is carefully cut off, and finally
the whole area is carefully washed with
water from a cubica (coconut).” (4)

Preparation
Once the decision to operate was made
the wound was irrigated in juice from a
cubica, a green coconut, and the juice was
also used to wash the hands of the surgeon.

Crump noted the dressings were changed
every 5 or 6 days and complete recovery
occurred in about two to three weeks (5).
Spiritual aspects

Incision and exposure
The healing charms, mailan and aurur,
were used after the procedure to ensure true
healing: mailan was a charm blown into the
air and aurur hung on the patient’s neck.

The incision was longitudinal in the
Gazelle Peninsula but V or Y shaped in the
Duke of York Islands. The instruments used
for the trephine included shark’s tooth, a
splinter of obsidian, a shell or the hollow bone
of a flying fox wing. The scalp was incised
right down to the bone.

Outcomes
The surgical outcomes were good, in that
70% of patients survived, contrasting with a
75% mortality for cranial surgery in London
in the 1870s (6) – there were 32 cases at St
George’s Hospital, London with 24 deaths
(75%). It is to be noted that these operations

Procedure
The skull flaps were retracted by two
assistants, aided by a thin strand of rattan
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may have been performed for the worst
cases and with much more operative delay
than in New Britain, where the trepanations
were made on the edge of the battleground.

for a fracture and whether the trepanation
performed is more akin to a letting out of bad
blood than a surgical procedure for a
depressed skull fracture performed close to
the battlefield. Trepanation has been
practised in the Moktel family for generations.
Brigid’s sister, who formerly trepanned, is
now almost blind and no longer operates.
Brigid recognizes that the operation is “most
efficacious in cases of fracture or very severe
bruising of the skull as it relieves the pressure
from fluid that accumulates at the site of the
injury” (8). She inserts a leaf (bumbrier – a
species of Psychotria) to keep the surface
wound edges open to enable healing from
the bottom up – ultimately the leaf will be
discharged from the wound. Bandages are
also purchased from the local store and used
in addition to leaves for dressings. Water is
used rather than coconut juice for irrigation.
This is interesting as most wounds will benefit
from irrigation by moderately clean water but
water is not as sterile as juice from a cubica.
MacIntyre states that she has seen two other
cases of trepanation (M. MacIntyre, personal
communication). The other cases (not
filmed) also involved lengthy discussion
about whether or not to go through the bone
– but in one, on a young woman, there was
no fracture – she simply had acute
headaches and fever. Martha says she
thought she could clearly see a new fracture
in the other case.

There is supporting evidence that many
trepanned skulls show evidence of healing
and life long after the procedure. This was
true not just in the Bismarck Archipelago but
also in Africa, South America and many parts
of the ancient world. The good outcomes in
East New Britain (Neu Pommern) may have
been due to wise case selection as well as
good surgical skills which followed the
principles of sound wound debridement
rather than necessarily being able to drain a
haematoma.
Rev. J.A. Crump reported, “I am assured
that if a patient once becomes conscious he
never fails to make a good recovery.” (5)
Isadore Brodsky journeyed to New Britain
in the 1930s and met Mrs Phoebe Parkinson.
Through her he was able to obtain samples
of the instruments used and they are housed
in an exhibit at the University of Sydney
Department of Surgery. Though I have not
viewed them, photographs of them are in his
1937 paper (7).
Women performed trepanation in New
Ireland and for a wider range of conditions.
The patients were conscious when
trepanned. Parkinson observed frontal bone
scrapings in a series of vertical trephines (4).
He saw two girls of about 3 being held down
whilst their mothers vigorously scraped with
a sharpened seashell. The procedures were
performed for epilepsy, headaches and other
diseases. The trepanations left tell-tale
corrugations over the forehead.

Conclusion
Skull trepanation has been practised
throughout the ancient world for millennia.
The Bismarck Archipelago is one of the few
places in the modern world where trepanation
has been practised in recent times, within the
lifetime of some people still living. When
performed for acute trauma it was effective.
The surgeon (tena papait) used appropriate
local materials as well as demonstrating wise
decision-making and remarkable skill.
Spiritual beliefs and sorcery were traditionally
added to the procedure to effect a complete
healing. Some forms of the practice still exist
today but have been adapted to use locally
available materials.

In the Lihir region trepanation has been
observed in recent times and is always
performed by a woman. Martha MacIntryre,
a Melbourne-based anthropologist, has
reported on the practice of trepanation in
Lihir, New Ireland Province (8). She
observed Brigid Moktel performing an initial
scalp incision on a 59-year-old conscious
male who was operated on sitting up. He
had been complaining of headaches. The
procedure was well documented on film but
the bone was not trepanned because in the
midline (or close to it) a small fracture was
noted in which blood was oozing indicating
no need for trepanation. This raises the issue
of whether the sagittal suture was mistaken
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Surgical management of spinal tuberculosis in Papua New Guinea
W. MATUI KAPTIGAU1, J.B. KOIRI2, ISI H. KEVAU3 AND J.V. ROSENFELD1,3,4
Port Moresby General Hospital, Papua New Guinea, University of Papua New Guinea,
Port Moresby and The Alfred Hospital, Monash University, Melbourne, Australia
SUMMARY
Two cases of spinal tuberculosis (TB) presented with deteriorating myelopathy despite
chemotherapy. Surgery of anterior decompression and fusion was successfully carried
out resulting in both the patients ambulating and being continent on discharge. This
highlights the importance of early surgery and a multidisciplinary approach to the
management of this condition.
Introduction

assessed in Medical Research Council
(MRC) trials over the subsequent 30 years.

Spinal tuberculosis (STB) is the single
most important infection affecting the
vertebral column in Papua New Guinea
(PNG). Though the majority of cases
improve on antituberculous therapy a few
cases that do not respond or deteriorate
rapidly require surgical intervention.

The posterior elements of the vertebral
column are rarely involved in STB (1,7,8).
Their preservation minimizes the risk of
spinal instability and further deformity in the
long run. This is important in PNG, where
synthetic implants are not readily available.
Thus the anterior approach enables the
surgeon to perform vertebrectomy and
directly perform bone fusion. This in addition
treats and prevents further kyphoscoliosis.

In 2003 and 2004 there were 1663 cases
of tuberculosis (TB). There were 784
extrapulmonary cases from which 18 STB
cases were reported and registered in the
Tuberculosis Clinic. Out of these there were
4 anterior decompressions including noninstrument autologous bone fusion. These
cases all did well after surgery and two are
reported here as case presentations. The
rest of the STB cases were treated with
chemotherapy and did not require surgery.

Case reports
Case 1
A female aged 36 years presented to the
medical ward after 3 months of numbness
of the legs. She was admitted to the TB ward
on 20 February 2005 by the physicians.

It is known that STB is predominantly a
disease of the vertebral body. An anterior
approach enables the surgeon to effectively
remove the dead vertebral body and leave
the healthy posterior and middle columns
(pedicles and laminae) (1-5). The anterior
decompression and fusion with a bone graft
is often termed the ‘Hong Kong operation’
and was originally reported by Hodgson and
Stock in 1956 (6). The procedure was

Examination by the medical team on 28
February 2005 showed normal power of the
lower limbs. She had already been on TB
treatment for 1 week. There was gibbus at
the mid-thoracic region. On 11 March 2005
she developed paraplegia of the lower limbs
from the hip joints down and urinary retention
requiring catheterization. The surgeons were
consulted on 14 March 2005. The spine X-
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ray showed a paravertebral shadow at T6T9 with collapsed T8/9 in an anterior wedging
deformity (Figure 1).

2.

In terms of mobilization and spinal
support the protocol was:

• No active movement of the back for

On 17 March 2005 an anterior
decompression was performed via a right
thoracotomy. The diseased T8 vertebra and
the TB abscess were removed by
vertebrectomy to expose the spinal cord. A
piece of rib removed at thoracotomy was
inserted into the vacant T8 space.

10 days

• Sit and walk upright from day 14
onwards with the help of a thoracic
corset

• By 6 weeks to 3 months the corset can
be removed at rest but worn during
physical exertion

1. Postoperatively the protocol included:

• From 3 months on the corset can be

• Adequate analgesics

removed if the X-rays show no
evidence of worsening kyphosis or
scoliosis compared to preoperative
angulation.

• Antibiotic cover
• The thoracic spine was kept neutral
(straight) at all times with no active
movement of the back for 10 days

3.

• There was no need for ventilation

Her progress neurologically was as
follows:

• By day 2 after operation sensation

support; however, it is important that
these patients are kept in the highdependency ward for at least 24 hours
before moving to the regular ward

returned

• 2 weeks after surgery the indwelling
catheter (IDC) was removed and she
became continent

• Aggressive chest physiotherapy
• Chest drain was removed after a few

• On day 20 after surgery power in the

days when there was a minimal
collection

lower limbs returned: the right leg was
grade 2/5 and the left leg 4/5

• TB treatment was continued the day

• 7 weeks after surgery she walked

after surgery: in her case the TB drugs
were rifampicin 600 mg , isoniazid 300
mg, pyrazinamide 750 mg and
ethambutol 1000 mg – all daily for 2
months.

around with support of the frame and
thoracic spine corset

• She went home 7 weeks after surgery

Figure 1. Paravertebral shadow on spinal X-ray (Case 1).
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• When seen 8 weeks after surgery the

and ethambutol 1000 mg daily with a plan to
continue four drugs for the first 2 months.

kyphosis and angulation of the spine
was stabilized (30° preoperation, 28°
postoperation) and power in the lower
limbs returned to grade 5/5; she
continued on TB treatment

By day 14 of admission she had developed
a sensory level at T7/8 and incontinence so
surgery was then done as an emergency on
28 April 2005.

• Six months after surgery she was able
The operative technique was similar to
Case 1 approaching the paravertebral
shadow around T8/9 (Figure 3).

to walk without support when seen on
12 September 2005.
Case 2

Postoperative course:
A female aged 26 years, the mother of a
2-month-old baby, presented with back pain
for 5 months. She lived in Mt Hagen with
her husband and had been started on TB
treatment but had defaulted before she
presented in Port Moresby. She was
admitted to the medical ward and started on
TB therapy. Her chest X-ray showed a miliary
pattern (Figure 2).

•

By day 6 there was a return of
sensation in the lower limbs

•

By day 9 after surgery the power in
the lower limbs had improved to grade
5/5

•

On day 14 after surgery she started
walking with the aid of a frame and
she became continent so the IDC was
removed; the back was kept straight
with the support of a thoracic corset
whilst she was ambulating

•

She was well enough for discharge 21
days after the procedure; she was
advised to continue TB treatment and
was registered in the TB Clinic; the
postoperative X-ray is shown in Figure
4.

When examined on admission on 14 April
2005 she had back pain with grade 3/5 power
in the lower limbs from the hips down and no
sensory level.
The surgeons were consulted 2 days after
admission and in view of the lack of a sensory
level and the miliary tuberculosis, we opted
to treat with TB drugs and watch closely for
deterioration. She was given rifampicin 600
mg, isoniazid 300 mg, pyrazinamide 750 mg

Figure 2. Chest X-ray showing the miliary pattern (Case 2).
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Figure 3. Preoperative view of the thoracic spine (Case 2).

Figure 4. Postoperative view (Case 2).

Discussion

Surgery is indicated in the following
situations:

Choice of STB treatment and rationale
Most spinal TB cases markedly improve
on chemotherapy without the need for
surgery (9-13). Our treatment program
comprised the short-term chemotherapy
(STC) regimen (12-15). The STC has
recently been upgraded to Directly Observed
Treatment Short-Course (DOTS) to reduce
non-compliance (16-17).

28

•

There is deterioration of neurological
deficits whilst on tuberculosis
treatment: the causes include a) mass
effect, b) severe kyphosis or scoliosis,
and c) poor compliance on
chemotherapy

•

No improvement in neurology after 4
weeks of chemotherapy (18)
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Worsening kyphosis: this is significant
when more than 30° in adults but in
children is significant when more than
15° (2).

costotransversectomy
or
anterior
decompression and fusion depends on the
surgeon’s experience, availability of
equipment, anaesthetic personnel, the
patient’s chest findings and comorbidities.
For anterior decompression the chest X-ray
should be clear, the patient should be fit for
a major procedure and there should be the
ability to collapse the lung during surgery with
a double-lumen tube.

The above situations are shown in
algorithm form in Figure 5.
Surgical options in PNG
The operative choices available to PNG
surgeons are anterior decompression and
non-instrument
bone
fusion
or
costotransversectomy,
which
is
predominantly a debridement and drainage
procedure.
The

choice

whether

to

We prefer anterior decompression and
fusion for the following reasons:
1. Most spinal tuberculosis affects the
anterior segment of the vertebral
column. Although we do not have
computed tomography (CT) to confirm

do

Figure 5. A practical approach to treatment of spinal tuberculosis in PNG.
* = in children if >15° must correct the deformity; in adults >30° and worsening.
STC = short-term chemotherapy
Ù = after 4 weeks if all mild neurological deficits improve this nullifies the need for surgery. Those cases requiring
surgery are cases of debilitating neurological deficits not improving on STC in 4 weeks. All these cases improved
after surgery. If the skill and resources are available, cases of grade 3 MRC-graded muscle power with urinary
incontinence can be operated on at the outset.
€ = see text for details.
Ø = see text for indications.
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this, the fact that CT scan is absent
gives more impetus to operate
anteriorly since most spinal
tuberculosis affects the anterior
segment.
2. The anterior approach preserves the
usually undamaged posterior vertebral
column and goes straight for the
diseased vertebrae.

diseased vertebral body. The
vertebral body is normal from
radiology. A posterior approach is
embarked upon to cater for a possible
spinal tumour. This is sometimes
imperative in PNG where radiology
back-up is not always ideal. A
myelogram is preferred before surgery
especially when there is no gibbus or
paravertebral shadow.

3. Anterior decompression allows the
preservation of whatever is left of the
normal posterior segment of the
vertebral column. This is going to help
with stability in the long run.

4. A general or orthopaedic surgeon is
not familiar or comfortable with the
anterolateral
approach
and
thoracotomy but is able to do a
costotransversectomy.

4. The anterior decompression allows
the surgeon to insert a bone block strut
directly into the gap where the
vertebral body used to be and this both
helps with spinal stability and arresting
the tendency to increasing kyphosis.

The trials by the MRC over 30 years have
not compared a non-instrument anterior
approach (vertebrectomy and bone fusion)
to
the
posterior
approach
(costotransversectomy). The outcome
measures that would need to be assessed
include spinal deformity, recurrence of active
TB and spinal stability. Answers to these
issues based on proper clinical trials could
be further researched in PNG where spinal
TB remains common.

5. The anterior approach allows the use
of rib for the graft without having to look
elsewhere to obtain bone for graft and
fusion and in the developing world
setting avoids the use of metal.

Difficulties and challenges in STB
treatment in PNG

The operation of costotransversectomy as
the name suggests is the excision of the rib
at its attachment to the transverse process
by the anterior and medial transverse
ligaments. It is a useful operation to remove
a paravertebral abscess collection in an
emergency situation.
The main
disadvantage is its potential to disrupt the
normal posterior column, which will worsen
deformity and instability in an already
diseased anterior segment, though normally
this does not occur. It is not necessarily a
simpler
operation
than
anterior
decompression. Its place in the surgical
treatment of spinal tuberculosis has been
described by Clezy in the early 1970s (19).

The pathology of the spinal tuberculosis
The actual pathology of the spinal
tuberculosis is the real determinant of the
outcome of surgery. Large collections of pus
respond well to surgery. Those lesions that
are predominantly fibrous scar tissue as
opposed to caseation and abscess formation
are usually nonresponsive to surgery. CT
scan images do help delineate the
predominance of fibrous tissue or abscess.
In PNG the lack of a CT scan or MRI
(magnetic resonance imaging) means that
such information is not available to the
surgeon preoperatively and therefore it is
wise to explore on the grounds discussed
above.

Costotransversectomy is preferred in
situations where:
1. The posterior segment is more
damaged than the anterior segment of
the vertebral column (rare).

Spinal X-rays are not sensitive enough to
detect and differentiate an abscess collection
from predominantly fibrous tissue (20). Both
lesions produce a paravertebral shadow on
X-rays. Pointing gibbus suggests a
predominant purulent collection and that
surgery is most likely to improve neurology.
However, not all paravertebral abscesses
have a pointing or fluctuant gibbus.

2. In cases where thoracotomy is too
risky due to lung disease or other
comorbidities.
3. There is no kyphosis resulting from a
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Spinal tuberculosis in children

those of debridement alone showed less loss
of vertebral body height and kyphosis in the
radical procedure.

Spinal tuberculosis in children will
significantly affect the growth of the vertebral
column. The kyphosis or scoliosis must be
treated aggressively. Correction of spinal
deformity in children is imperative. An
angulation of 15° is enough to cause
significant growth stunting. The treatment
options in PNG are limited, particularly with
the unavailability of metal implants, so
surgeons and paediatricians must treat spinal
TB in children aggressively. Some cases
may need referral to centres that can fuse
the spine after urgent decompression.

Recent work has further affirmed the
conclusion regarding STC (11-13). The
issues of worsening kyphosis, multilevel
vertebral disease and childhood STB with
implications for growth are problems for
ongoing research. Children with significant
kyphosis and adults with multiple-level
disease are best treated with anterior
implants after vertebrectomy and bone
fusion.
Conclusions and Recommendations for
PNG

Multiple levels of vertebral involvement

The reports of the MRC published in 1998
(10) and other studies published since have
guided our current practice in PNG:

Multiple levels of vertebrae (>2 vertebral
bodies) involved pose a serious risk of
worsening kyphosis. Again, cases may need
to be referred to centres where spinal
implants are available. However, we know
of no such cases where multiple vertebral
body involvement has proved a surgical
challenge. Perhaps some may have been
missed on plain X-ray, as there is no CT scan
available, or such cases coming to surgery
are indeed very rare.

1) Most STB cases are treated
conservatively
and
STC
is
recommended.
2) Indications for surgery are as
recommended in Figure 5 and are
essentially
for
dysfunctional
myelopathy and significant kyphosis.

History and background
3) The surgical technique recommended
is the anterior approach of
decompression, radical removal of TB
foci and non-instrument fusion using
autologous bone.

The treatment of STB has gone through a
number of changes in the past half-century.
Conservative treatment was advocated for
ambulating cases in Nigeria by Konstam and
Konstam in 1958 (21). But a more
aggressive approach was advocated by
Hodgson and Stock in 1960 (6) in Hong
Kong, where they performed radical surgery
and non-instrument spinal fusion. Both
groups reported successful outcomes.

Surgery of the spine to correct
kyphoscoliosis and its stabilization by use of
implants is not feasible at present in PNG.
The treatment of spinal TB calls for a
multidisciplinary effort. The medical team is
important as well as allied health workers.
The family and the patient need to be
educated and encouraged to complete the
course of chemotherapy whether or not they
undergo surgery.

The Medical Research Council (MRC), in
its research on TB, set up a working party in
1963 to investigate different treatments of
STB in Africa, Korea and Hong Kong.
Reports were issued up to the 1998 15-year
assessment of controlled trials (10). The
important conclusions of these controlled
trials were: 1) the STC comprising rifampicin,
streptomycin, pyrazinamide and ethambutol
for 6 months is sufficient; 2) the adjuvant
treatment of bed rest or thoracic brace to the
STC has no added advantage to ambulant
treatment; 3) the long-term follow-up of 10
to 15 years for cases operated on by the
radical procedure of anterior decompression
with non-instrument fusion compared with
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Space-occupying lesions in Papua New Guinea – the CT era
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SUMMARY
Background: The use of computed tomography (CT) scanning to diagnose and treat
space-occupying lesions (SOL) has been a great advance. Aim: To analyze the causes,
treatment and outcome of SOL. Method/Patients: An audit of all cases of SOL treated
over a period of 2 years (2003-2004) after the establishment of a neurosurgical unit.
Results: There were 42 SOL cases affecting the intracranial space and the spine. 39
cases originated in the brain and its coverings and 3 in the spinal cord. Out of the 39
brain SOL, 26 (67%) were due to tumours and 13 (33%) were due to infection, of which
tuberculosis was responsible for 6 (46%). There were 6 astrocytomas and 3 meningiomas
followed by secondaries, pilocytic astrocytoma and medulloblastoma with 2 cases each.
There was also one case each of pineal tumour, craniopharyngioma, pituitary adenoma,
vestibular schwannoma and oligodendroglioma and 6 indeterminate cases. The 3 spinal
cord SOL were due to arachnoiditis, subdural abscess and tuberculoma. Conclusion:
Tumours were more common than tuberculosis as a cause of SOL. However,
tuberculoma represented a curable condition whereas for tumours the potential for cure
depended on the site, pathology and stage. CT scan was of great help in the diagnosis
and localization of SOL but, unfortunately, is still not available for the majority of the
Papua New Guinea population.

Background

of a lesion and show features of its pathology
is therefore limited to those who can afford a
private scan either in Port Moresby or
overseas.

Space-occupying lesions (SOL) in Papua
New Guinea (PNG) have a long history of
association with infection, of which
tuberculosis (TB) was regarded as the
predominant cause until the introduction of
computed tomography (CT) scan.
Previously the diagnosis of brain SOL was
made on clinical grounds using crude
diagnostic aids such as plain skull X-ray,
carotid angiograms and sometimes air
ventriculogram.

Aim
To review the pathology and treatment of
space-occupying lesions in PNG.
Patients and methods
A prospective study was made of all SOL
that were seen by a budding neurosurgery
unit over a 2-year period 2003-2004. All
cases had a CT scan. SOL due to traumatic
brain injury (TBI) were excluded from this
study. Each case of brain (39 cases) and
spinal cord (3 cases) tumour or infection was
followed up for at least 6 months from the
time of surgery or commencement of
treatment.

The availability of CT scan in the last
decade of the 20th and first decade of the
21st century has allowed a series of
interesting brain pathologies to be collected.
The development of a Neurosurgery Service
in 2003-2004 led to a continuous referral of
cases from all over the country. The only
CT scanner in PNG is in the private sector.
The ability of CT scanning to localize the site
1
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Results

were due to TB.

Causes

All brain SOL in adults were diagnosed by
CT scan in the initial work-up. There were 2
brain cases of TB diagnosed initially by
ultrasound in children with their suture not
fused. One spinal pathology had a
myelogram and another had a CT
myelogram. The third case of spinal SOL
had plain X-rays of the spine which revealed
a paravertebral shadow consistent with Pott’s

Brain tumour was by far the leading cause
of SOL in PNG (Tables 1 and 2). In the past
a space-occupying lesion was empirically
regarded as being due to TB until proven
otherwise by lack of response to anti-TB
treatment. Brain tumour was followed by
cerebral infection with 13 cases, 6 of which

TABLE 1
CAUSES

OF SPACE-OCCUPYING LESIONS IN

PMGH FROM JANUARY 2003

TO

DECEMBER 2004

C au se
Brain
tumour

Brain
infection

Spine
TB

Spine
infection

Total

26

11

-

1

38

Myelogram

-

-

-

2

2

Ultrasound

-

2

-

-

2

26

13

1

2

42

Surgery in PMGH

16

12

1

2

31

Refused surgery

2

1

-

-

3

Died before surgery

2

-

-

-

2

Awaiting overseas
treatment

2

-

-

-

2

Treated overseas

3

-

-

-

3

Medical treatment

1

-

-

-

1

13

1

2

42

Diagnosis
C T S ca n

Total

Treatment

Total

26

PMGH = Port Moresby General Hospital
CT = computed tomography
TB = tuberculosis
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TABLE 2
TUMOUR DIAGNOSIS

FOR

PAPUA NEW GUINEA

Tumour type

FROM

JANUARY 2003

CT diagnosis only

TO

DECEMBER 2004

CT and histology

AT

PMGH

Total

Astrocytoma

-

6

6

Meningioma

-

3

3

Pilocytic astrocytoma

-

2

2

Secondary

-

2

2

Medulloblastoma

-

2

2

Pineal tumour

1

-

1

Pituitary adenoma

1

-

1

Craniopharyngioma

-

1

1

Oligodendroglioma

-

1

1

Vestibular schwannoma

-

1

1

Indeterminate

6

-

6

Total

8

18

26

PMGH = Port Moresby General Hospital
CT = computed tomography

Astrocytoma was the leading brain tumour
with 6 cases (23%), which is like elsewhere
(1). However, the number of astrocytoma
cases is probably under-reported by at least
3 who had typical cerebral hemisphere
lesions on CT, including one who refused
surgery (Figure 1).

disease affecting the T8 vertebra.
Management of tumours
16 cases were operated on in Port
Moresby General Hospital (PMGH) whilst 3
cases were treated overseas. 2 of the
overseas treated cases had treatment before
the establishment of the Neurosurgery Unit
– these were a craniopharyngioma and an
oligodendroglioma. The other case referred
to Australia was a small-cell lung tumour with
secondaries to the brain. There are 2
meningioma cases awaiting transfer to
Australia for treatment.

6 cases of astrocytoma were operated on
in PMGH. There was 1 death in a large
anaplastic astrocytoma case that dropped his
Glasgow Coma Score (GCS) suddenly to 3
just before surgery. One should aim to
remove the whole tumour (2,3) for the best
possible outcome. In this case the tumour
was too large for complete excision.

The 8 histologically unconfirmed cases
include 2 refusing surgery, 2 probable
meningioma cases awaiting treatment in
Australia and 2 cases who died within 24
hours of being admitted with CT scan
features of astrocytoma or glioma. The
remaining 2 cases had CT scan features of
pineal tumour and pituitory tumour.

The 3 cases of histologically confirmed
meningioma were diagnosed by CT scan,
biopsy and debulking operation. One case
had a carotid angiogram to identify the
feeding vessel to the anterior cranial fossa
mass. Successful extirpation surgery was
carried out. The other two cases had
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debulking surgery as one tumour was
encroaching on the internal carotid artery in
the right middle cranial fossa and the second
one bled excessively so minimal extirpation
was done. As already mentioned, 2 other
cases are awaiting travel to Australia for
surgery and magnetic resonance imaging
(MRI) if they can afford it (Figures 2 and 3).
Another case of meningioma of the cerebral
convexity refused surgery even after
aggressive counselling. The finding that
meningioma is responsible for 12.5% of the
tumours is similar to what has been reported
elsewhere (4).

Spinal pathology
The 2 cases of non-tuberculosis spinal
infection were both in young women. One
had a laminectomy after a repeat myelogram
showing persistent filling defects at T8 and
T9.
The operative findings were of
arachnoiditis. After surgery she improved
her motor power from grade 1 to grade 3 in
the right hemiparetic leg. She went back to
her home province. The second case had
paraplegia of her lower limbs and was
referred from an outlying mining town.
Unfortunately an anterior decompression did
not improve her so she went to Cairns for
MRI. This showed multiple levels of
syringomyelia which in hindsight were due
to subdural abscess and arachnoiditis. These
in turn were most likely caused by vasculitis
and oedema leading to spinal cord necrosis
and syrinx (9). The cord necrosis was
diagnosed at frozen section at the initial
surgery. In PMGH the CT myelogram done
before surgery showed a filling defect at the
level which was correctly operated on.

Management of infection
There were 13 cases of infection causing
SOL. Tuberculosis contributed to 6 (46%) of
these cases. There were 5 cases of brain
abscess and 2 cases of cryptococcoma. 2
of the brain abscesses were in children with
middle ear infections. 3 cases were in adults:
one had diabetes mellitis, one had a stroke
and one had a depressed compound skull
fracture.

Age and sex
All brain abscess cases were operated on
and recovered well. There were 4 (2 adults,
2 children) brain tuberculosis cases
(tuberculoma) who improved on TB
treatment after surgery. The 2 remaining TB
cases were malnourished children with TB
meningitis. Both died, too sick to have
surgery. Tuberculous meningitis has a high
fatality (5-7, Kaptigau, unpublished data),
particularly when treated late (8).

There was a bimodal distribution of tumour
spread in the age groups: a peak in the first
10 years of life followed by another in the
over 50 years age group (Table 3). This is
similar to what is reported in the literature
(10). The first 10 years of life had a peak in
the number of tumours as expected. 4 of
the 8 tumours in this age group were in the
posterior fossa, where medulloblastoma and

Figure 1. CT scan of an astrocytoma case who refused surgery.
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Figure 2. CT scan diagnosis of meningioma in one case awaiting surgery.

Figure 3. CT scan of meningioma in another case awaiting surgery.

pilocytic astrocytoma accounted for 2 each.
In the later years from 50 onwards the
number of astrocytomas starts to rise; 3 out
of the 8 cases in this age group had an
astrocytoma. 2 of the 3 males with
meningioma were in the 40-50 year age
group. Elsewhere females are reported to
outnumber males in a ratio of 1.8:1 (11).
However, our caseload is too small to draw

any conclusion at this stage.
Presentation
The commonest symptoms of SOL were
headache (27 cases), localizing signs (17
cases), papilloedema (15 cases) and
reduced visual acuity (12 cases). This is
similar to what is reported in the literature,
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TABLE 3
AGE

26 BRAIN TUMOURS
2003 AND 2004

AND SEX DISTRIBUTION OF THE
IN

Age group (years)

IN

PAPUA NEW GUINEA

Male

Female

1-5

4

2

6-10

-

2

11-15

-

1

16-20

-

1

21-25

1

-

26-30

1

-

31-35

-

-

36-40

1

-

41-45

2

1

46-50

2

-

51-55

4

2

56-60

-

2

Total

15

11

where deteriorating neurology and
headaches are the leading symptoms in brain
tumours (12), particularly a tension headache
(13). Failing vision is due to increased
intracranial pressure which led to observed
papilloedema, optic atrophy and blindness
in 6 out of 26 tumour cases. A further 6 cases
of tumour had only papilloedema. In TB only
3 of the 6 cases with poor visual acuity had
papilloedema. Perhaps the poor vision was
due to vasculitis rather than papilloedema in
the other 3 cases. The rate of visual acuity
loss in brain tumour was 6 out of 26 cases
compared to TB with all 6 becoming blind.

Pathology and treatment
Pilocytic astrocytoma should be totally
removed to have a high chance of survival
(15). In our cases both tumours were large
and close to the pons. Complete removal
was not possible. A shunt connecting the
left posterior horn was inserted exiting into
the cisterna magna to treat hydrocephalus.
Both cases did well and were discharged
home to their home provinces where they
were referred from originally. The 2 cases
of medulloblastoma were children less than
2 years of age. These are aggressive
tumours with the worst prognosis in the
younger age groups (16,17). After posterior
fossa craniectomy surgery both cases were
able to return home.

Nausea and vomiting was present in brain
tumours but not in brain infection. The
presence of fever was due to two brain
abscesses. A scalp wound was present in
the case of depressed compound skull
fracture. The single case of epilepsy
presented in a patient with oligodendroglioma
(14).

We had 2 cases of secondaries to the
brain from the cervix and the lungs. The lung
tumour case went to Australia for
radiotherapy. He survived for several months
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after radiotherapy. The case of cervical
cancer had an advanced primary tumour and
received palliative treatment. Others have
reported secondary tumours to be the most
common tumours of the brain (18).

CT scan in PNG, tuberculosis was
responsible for 50% of SOL and ear infection
was the source of most of the brain
abscesses. In contrast this work shows that
tuberculosis is responsible for only 14% of
SOL in the brain and 40% of brain abscesses
are caused by ear infection. The CT has the
ability to save lives. Mortalities of SOL were
quoted in the literature as those before and
after the CT scan era. In fact the mortality of
brain abscess dropped by 30% after CT scan
was introduced to what it is now, around 10%
(22-25). We have no deaths in our 5 cases
of brain abscess that all had CT scan
diagnosis followed by surgery.

There was 1 case each of
craniopharyngioma, oligodendroglioma,
vestibular schwannoma, pineal tumour and
pituitary adenoma causing acromegaly. The
acromegaly case was lost to follow-up. The
craniopharyngioma case had surgery in
Townsville, Australia and was followed up in
the Neurosurgery Outpatient’s Clinic for
hormone replacement therapy. The
oligodendroglioma case had surgery in
Sydney 10 years earlier and re-presented
with hemiplegia and epilepsy. He refused
surgery and chemotherapy.
The
schwannoma case presented with tinnitus
and deafness. Surgery of tumour extirpation
by a posterior fossa approach was carried
out to relieve the hydrocephalus. She
improved after surgery and went home.

In PNG certainly we have seen a change
in the volume of cases and types of pathology
since the introduction of CT scan. For
instance there were 20 cases of brain
tumours over a period of 8 years from 1992
to 1998 (26). We saw 26 cases of brain
tumours in 2 years because of the availability
of CT scan. Hence we were able to give
more accurate treatment to these unfortunate
patients. Townsville Tertiary Hospital with a
similar population base reported 34 cases of
brain tumour in 10 months (27) compared to
26 cases in our series over 2 years. Underreporting of SOL is highly likely in PNG.

Out of the 26 cases of brain tumours 14
were referred from the provinces. These
cases had to leave their villages and families
and travel to the city for major surgery. They
had certain social difficulties and special
informed consent had to be obtained before
surgery. Fortunately none of the cases that
were referred from elsewhere died after
surgery. The 1 death we had after surgery
was a patient who lived close by.

Infection as a cause of SOL in PNG
The causes of SOL seen in PNG are
peculiar to a typical third-world disease
pattern where tuberculosis is prevalent. This
is an important diagnosis to make as it is
potentially curable provided treatment is
commenced early enough. Prevention of
tuberculosis by use of BCG has been realized
(28). The poor outcome of brain tuberculosis
is determined by the presence of meningitis.
The different pathological forms of TB,
namely tuberculoma, tuberculoid meningitis,
tuberculous encephalitis, tuberculous
abscess and tuberculoma en plaque, are
different manifestations of the same disease
determined by the patient’s immunological
status (Kaptigau, unpublished notes).
Human immunodeficiency virus (HIV)
infection histopathology lacks the
granulomatous morphology (29). Treatment
of brain TB is for a period of 6 to 9 months.
Short-term chemotherapy (STC) uses all the
standard chemotherapy comprising
streptomycin, rifampicin, isoniazid and
pyrazinamide for 2 months followed by 4
months bi-weekly treatment on rifampicin and
isoniazid (30,31). The role of steroid is that it

Discussion
Importance of a CT scan
The diagnosis of SOL was done in the past
by the use of clinical parameters backed by
crude radiological support such as skull Xray, carotid angiograms (19) and air
ventriculograms. These techniques of
diagnosis were surpassed by CT scans which
revolutionized the diagnosis of SOL in the
brain. This scenario was realized more than
2 decades ago in the developed countries
(20). Unfortunately it took that long to acquire
a CT scanner for Papua New Guinea. Even
at this stage the CT scan is only available to
the lucky few who can afford it. It is not
surprising that with this background, when
the CT scan finally arrived in PNG, a little
over 5 years ago, certain pathologies and
patterns of brain lesions were revealed as it
did 30 years ago in the developed countries.
For example 20-30 years ago (21), without
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can be used to lessen the oedema of
interstitial origin, which is just as useful as
reducing
tumour
mass
oedema.
Dexamethasone has been shown to reduce
deaths in TB meningitis affecting adults and
adolescents (32). In PNG it is best to avoid
steroid use in unconfirmed tuberculosis
cases as they will be lost to follow-up once
they get better and the opportunity to
investigate for tumour or completing TB
treatment is lost for ever. All our cases of
brain tuberculoma did well after surgery.
Lately, directly observed treatment shortcourse (DOTS) was introduced to ensure
compliance is improved (31,33,34).

radiotherapy; however, the largest of the
multiple lesions can be removed surgically
when this is causing a mass effect.
Due to the unavailability of radiotherapy
in PNG some of these cases will have to be
referred to centres where these facilities are
available. Radiosensitive tumours include
small-cell lung cancer, germ cell tumours,
lymphoma, leukaemia and multiple
myeloma. With the unavailability of
radiotherapy in PNG chemotherapy can be
used in selected cases of brain tumour after
surgery.
These tumours include
oligodendroglioma, central nervous system
(CNS) lymphoma, malignant astrocytoma
and cerebral metastasis.

Spinal TB treatment is non-surgical in the
majority of cases (35,36). Surgery is
indicated where there is deteriorating
neurology despite STC or persistence of
neurological deficits after 4 weeks of TB
treatment (26,37). Although our case
number is too small to reach any significance,
excessive fibrosis with minimal or no
caseation that encases the spinal cord at
operation is usually associated with no
improvement in neurology even after
adequate decompression, whereas a TB
abscess lesion removed around the spinal
cord produces improved neurology.

Pituitary adenoma is managed by
bromocriptine to reduce tumour mass in
cases with hyperprolactinaemia. Surgery is
limited to urgent cases with pressure
symptoms causing visual failure or pituitary
hypoplexy. In PNG, trans-sphenoidal surgery
is not feasible until the necessary transsphenoidal surgery equipment is available.
In the interim surgery would have to be via
parietal or frontal craniotomy.
For a more detailed discussion on surgery
and decisions on most of the brain tumour
types encountered in this work, the reader is
referred to the already published works on
tumours in PNG such as Rosenfeld and
Watters (26) and Kaptigau et al. (2).

Again the use of CT scan if available will
enable the surgeon to see an abscess lesion
and differentiate these from a solid fibrous
lesion and the surgeon can advise the patient
accordingly. This will perhaps avoid
unnecessary decompression surgery.

Diagnosis of SOL without CT scan

Brain tumour causing SOL in PNG

The diagnosis of SOL without CT scan in
PNG will be a reality for some time yet.
Clinicians will have to be well versed in the
bed-side skills to cover for this deficiency. A
practical approach to diagnosis of SOL
affecting the brain is presented in Figure 4.

The management of brain tumours is
predominantly by surgery after defining the
nature and site of the lesion on CT.
Astrocytoma is the commonest tumour
and is managed by surgical extirpation
without causing further damage to the brain
parenchyma especially the vital and eloquent
areas of the brain. It is best to remove all
macroscopic lesions followed by
radiotherapy. Secondaries are managed
depending on the stage of the primary, fitness
of the patient, the number of brain lesions
and their location. A fit patient with a wellcontrolled primary and a good life expectancy
of Karnofsky scale of >70 should have all
their lesions removed by surgery without
causing damage to the normal brain. Multiple
brain lesions are best treated by

A space-occupying lesion will be easier to
diagnose with good history taking and
examination. In this study most presented
with a history of headache and deteriorating
neurology of which coma is the most serious.
One needs to think of the 3 major groups of
lesion causing these symptoms. The
mnemonic ‘3 big Ts’ denotes transmitted
disease (infection), tumour and trauma.
Trauma can be easily excluded by the history
of no trauma, and ensuring that there has
been no fall or head injury in the preceding 3
months.
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Figure 4. The diagnosis of space-occupying lesions where there is no CT scan.
GCS = Glasgow Coma Score; Ix = investigate; SOL = space-occupying lesions; CSF = cerebrospinal fluid; TB =
tuberculosis; Tx = treatment or treat; CT = computed tomography; CXR = chest X-ray; US = ultrasound; CMV =
cytomegalovirus

Diagnosis of exotic lesions causing SOL
especially in the immunocompromised will
be made easier by diagnosing the cause of
immune suppression such as HIV infection
or lymphoma (38). In PNG cryptococcoma
usually affects those who are not
immunocompromised (38,39) unlike what is
seen elsewhere (40). The existence of other
fungal infections of the CNS such as
candidiasis, aspergillosis, coccidiomycosis
and mucormycosis were not documented
here but, if present, they are harbingers of
immunocompromisation. Other infections
associated with deficiency in immunity
include nocardiasis and toxoplasmosis. HIV/
AIDS (acquired immune deficiency
syndrome) cases in PMGH have seropositive
rates of 60% for anti-toxoplasma antibody
(41). A similar study in pregnant women a
decade ago in the 1990s revealed an 18%
conversion rate (42). None of these cases
had CT scans, so possible SOL could have
been missed in the HIV cases.

Brain tumours can be suspected based on
the following: 1) a long history of illness, 2)
no fever, 3) presence of nausea and
vomiting, 4) localizing signs, and 5)
headaches. There will be signs of increased
intracranial pressure with fundoscopy
showing papilloedema or optic atrophy.
Acute brain infection is suspected based
on the following: 1) short history of illness, 2)
presence of headache, 3) absence of nausea
and vomiting, 4) focal signs of infection such
as ear discharge or sinusitis or scalp
inflammation, 5) localizing signs, and 6)
localized tenderness in the scalp directly
overlying the focus of brain abscess.
Brain TB is diagnosed based on the type
of pathology. Tuberculoma behaves like
tumour. However, in addition TB has the
propensity to cause poor visual acuity as all
6 cases were blind in this study. TB
meningitis will present as meningitis.
Diagnosis in children is aided by use of the
TB score (31).

In summary, most SOL can be managed
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reasonably well in PMGH provided these
cases have an early CT scan diagnosis.
Tumours are more common than
tuberculosis, at least in the brain. Further
improvement will only be attained for the
population as a whole when CT scans are
available to most patients and better facilities
and equipment are available for treatment.
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Big heads in Port Moresby General Hospital: an audit of hydrocephalus
cases seen from 2003 to 2004
W. MATUI KAPTIGAU1, LIU KE2

AND
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Port Moresby General Hospital, Papua New Guinea, Chongqing Emergency Medical
Centre, Chongqing City, China and The Alfred Hospital, Monash University,
Melbourne, Australia
SUMMARY
Background: Hydrocephalus is a common neurosurgical problem in Port Moresby
General Hospital (PMGH) contributing to 27 (24%) of the 114 neurosurgical operations
done in 2003 and 2004. During the same period it was responsible for 25% of the cases
seen in the neurosurgery clinic. Aim: To prospectively audit and follow up hydrocephalus
cases in PMGH over 2 years from January 2003 to December 2004 and ascertain the
causes and the outcome of treatment. Method: All cases of hydrocephalus seen in 2003
and 2004 were categorized according to cause. The associated findings on ultrasound
scan or CT (computed tomography) scan when available were noted. The subsequent
progress was documented with and without treatment for at least 6 months. Results:
61 cases of hydrocephalus were seen for surgical opinion. The age ranged from 4
weeks to 56 years. The commonest age group affected was in the first year of life (61%
of cases). There were 34 cases (56%) of congenital hydrocephalus followed by 19
(31%) post meningitis and 8 (13%) due to tumour. There was only one case of
myelomeningocele with concomitant hydrocephalus. Ventriculoperitoneal (VP) shunts
were inserted in 24 cases. 3 shunts were bypasses from the posterior horn to the
cisterna magna, making a total of 27 shunt operations. 9 shunts were performed for
post-meningitic hydrocephalus, 15 for congenital stenosis and 3 for a posterior fossa
tumour. 24 out of the 27 shunt operations were in children aged <9 months. Post-VPshunt infection of 2 cases reported within 6 weeks of operation gave an infection rate of
7%. There was cerebrospinal fluid (CSF) leak in 2 cases with Pundez-type shunts. There
were 2 shunt blocks needing revision. Conclusion: Shunt operations can be done in
PMGH with good outcomes. The decision-making about surgery can be made on the
basis of the enlarging head and the ultrasound findings.
Introduction

diagnose and follow up hydrocephalus cases
in PMGH over 2 years in 2003 and 2004 and
ascertain the causes and the outcomes of
treatment.

Hydrocephalus
is
a
common
neurosurgical problem in Port Moresby
General Hospital (PMGH) contributing to 27
(24%) of the 114 neurosurgical operations
done in 2003 and 2004 (1,2). During the
same period it was responsible for 25% of
the cases seen in the neurosurgery clinic
(1,2). There is no prior published work on
hydrocephalus in Papua New Guinea (PNG).

Method
All cases of hydrocephalus admitted or
seen at the Outpatients Clinic of PMGH from
January 2003 to December 2004 were
included in the study. These cases were
included after clinical assessment of
hydrocephalus and confirmation with either
ultrasound scan or CT (computed
tomography) scan.

Aim
The aim of this study was to prospectively
1
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Patients were followed up for at least 6
months after surgery or from the first day of
consultation to document complications of
ventriculoperitoneal (VP) shunts and the
outcome by measuring head circumference,
neurological progress and serial ultrasound
scan assessment of the ventricular sizes.

Communicating hydrocephalus (Figure 2)
occurred in 19 cases (31%) with previous
meningitis, of which 4 cases had active
tuberculous (TB) meningitis and were on TB
treatment.
8 patients had hydrocephalus due to
tumour (Figure 2). These included 1 case of
vestibular schwannoma (56-year-old
female), 1 case of meningioma (47-year-old
male) and 6 children with the following
tumours: 2 medulloblastoma, 2 pilocytic
astrocytoma, 1 periventricular low-grade
glioma and 1 pineal tumour.

Results
Distribution of neurosurgery operations
in 2 years
Shunt operations contributed to 24% of
the neurosurgery operations done at PMGH
(Figure 1).

Treatment and outcome of
hydrocephalus

Age and sex distribution
There were 3 cases of congenital
hydrocephalus whose shunts were done
earlier in life and required revision due to
blockage or shortening distally.

There were 61 cases of hydrocephalus
and the ratio of male to female was 31:30.
The age range was 1 month to 56 years
(Table 1).

24 cases had ventriculoperitoneal shunts.
Out of these, 16 had medium-pressure
Hakim valves and 4 had low-pressure valves,
two of which were the Pundez burr hole type.
The rest were conglomerates of shunt
components adjoined into a functioning unit.
This is because at one stage we ran out of
shunts and had to improvise. 3 shunts were
bypasses inserted from the posterior horn to
the cisterna magna. This was to treat the
hydrocephalus resulting from posterior fossa
tumours (Table 2). 24 out of the 27 shunt
operations were in children aged less than 9
months.

Most (75%) of the hydrocephalus cases
affected 1-18 month old children, with 61%
<1 year old. There were 2 adults – a female
aged 56 years with vestibular schwannoma
causing hydrocephalus and a male aged 47
with meningioma. The third oldest was a 16year-old female with aqueduct stenosis. The
other cases were <12 years old (Table 1).
Causes of hydrocephalus
The 34 congenital obstructive
hydrocephalus cases (Figure 2) were
diagnosed by ultrasound scan or CT scan
showing dilation only of the lateral and third
ventricles and a collapsed or normal fourth
ventricle. There was no history of infection
or intracranial bleeds and no evidence of
mass lesions.

There were 2 cases of post-VP-shunt
infection reported within 6 weeks of the
operation (Table 2). No organisms were
isolated from our 2 shunt infection cases.
The VP shunt was removed in the first case.

Figure 1. Neurosurgery operations in Port Moresby General Hospital from January 2003 to December 2004.
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TABLE 1
THE AGE AND SEX DISTRIBUTION OF HYDROCEPHALUS CASES AT PORT
MORESBY GENERAL HOSPITAL FROM JANUARY 2003 TO DECEMBER 2004
Age group

Male

Female

Total

0-6 months

13

12

25

7-12 months

5

7

12

13-18 months

3

6

9

19-24 months

2

1

3

25-30 months

-

1

1

31-36 months

-

-

0

3-12 years

7

1

8

16 years

-

1

1

47 years

1

-

1

56 years

-

1

1

30

61

Total

31

Figure 2. The causes of hydrocephalus in Port Moresby General Hospital seen between January 2003 and
December 2004.

The second case had intraventricular
gentamicin for 4 weeks. Both cases
improved on antibiotics. The rate of shunt
infection was 7% in this series.

accompanied by further delayed milestones.
Urgent shunting is required where there are
signs of increased intracranial pressure (ICP)
such as hypertonicity or altered
consciousness or behaviour. Respiratory
compromise and third nerve palsy are late
signs. In patients with obvious indications
early operation is preferred.

Discussion
A VP shunt is indicated in infants where
there is increasing ventricular size with
cerebral mental thinning less than 2 cm on
ultrasound. This is recognized by an
occipitofrontal head circumference 2
standard deviations above normal

Shunt operations have been done for
many years at the PMGH by general
surgeons. The outcomes of shunt surgery
in PNG have not been previously
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TABLE 2
TREATMENT AND

OUTCOME OF HYDROCEPHALUS IN P ORT
2003 TO 2004

MORESBY GENERAL HOSPITAL

FROM

Number

S hunt
operations

Outcome

Congenital hydrocephalus

34

15

All well

Post-meningitis hydrocephalus

19

9

2 infections
2 leak of CSF*
2 shunt blocks

Tumour-induced hydrocephalus

8

3

All well

Total

61

27**

6 complications

*these occurred in Pundez-type shunts
**24 ventriculoperitoneal (VP) shunts and 3 ventriculo-cisterna-magna shunts
CSF = cerebrospinal fluid

documented. Shunt operations contributed
to 24% of the operations done (27 out of 114)
in the first two years of a fledgling
neurosurgical unit.

In this series there was only 1 case of
myelomeningocele with hydrocephalus.
Elsewhere myelomeningocele is associated
with 29% of hydrocephalus (3). The
significant difference is probably due to the
low frequency of spinal dysraphism in our
population, as shown by only 1 case of
myelomeningocele in over 20,000 live births
in the Labour Ward of PMGH in 2 years (2003
and 2004) (5-8). In high-income countries
the rate of myelomeningocele is 20 times
greater at 40 per 20,000 live births (9).

The 6 shunt complications were all in
cases of malnutrition that had thin skin. In
addition the shunts used in 2 of these cases
were valves of the burr hole Pundez type with
a big dome, prone to skin necrosis, which
then leads to CSF leak and infection. Burrhole-type valves are not recommended in
children with thin skin and calvarium.

There are other birth delivery services
outside and within the city of Port Moresby.
Accounting for their cases is beyond the
scope of this work. It would be interesting to
consider a nationwide or regional incidence
of spinal dysraphism at some stage. N.
Tefuarani, J. Vince, M. Baki and A.B. Amoa
(personal communications) affirm the low
hospital incidence of spinal dysraphism over
the last 25 years despite the high prevalence
of folate deficiency in antenatal mothers. The
PMGH figures are the best indication for the
whole country due to the case-mix of all
ethnic groups from all over PNG living in Port
Moresby, the national capital. PMGH is the
biggest hospital in PNG and has the best ratio
of doctors to population. The fact that it is
the teaching hospital for all cadres of health
workers should enable a better surveillance
of conditions such as spinal dysraphism in
the newborn. The literature on PNG’s
incidence of spinal dysraphism in the past

It is important for health workers to be wary
of complications of VP shunts and to report
to a surgeon, preferably a neurosurgeon, as
soon as possible for any complications.
In the developed world (3) the commonest
cause of hydrocephalus is congenital lesions
(67%) with or without myelomeningocele. In
our series we had 56% (34 cases) of
congenital obstruction. The 34 cases had
aqueduct stenosis based on the ultrasound
findings. This high number of aqueduct
stenosis is consistent with the literature,
where 70% of cases of congenital
hydrocephalus are due to aqueduct stenosis
(4). In all the children there was no prior
meningitis infection and there were no reports
of Chiari malformation. There was no Dandy
Walker lesion in this series, which is
comparable to elsewhere (3) with a rate of
2.4%.
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20 years is sketchy. A prospective study by
Dryden of 10,000 consecutive deliveries in
PMGH from 1985 to 1986 found only 4 cases
of spinal dysraphism (10). A retrospective
analysis by Kapanombo from 1987 to 1996
showed 15 cases in 82,515 deliveries at
PMGH (11).

ventricle to cisterna magna when it was
realized that the tumours were not fully
decompressed due to involvement of the
brain stem. Third ventriculostomy is an
alternative treatment technique for use in our
aqueduct stenosis cases. Although it has
great potential the cost of the equipment
needed and the steep learning curve required
make it impractical at the moment. However,
it would save the cost of buying VP shunt
components and would prevent shunt
infections.

The low frequency of spinal dysraphism
in PNG is markedly different to that reported
from the developed world. This is interesting
given the lack of antenatal diagnosis of neural
tube defects in general and the nonpropagation of therapeutic abortion in PNG;
one would have expected a larger caseload
of these defects.

Conclusion and Recommendations
1. Shunt procedures are more likely to
be complicated if there is a history of
malnutrition and hydrocephalus due to
meningitis.

Dietary factors such as folic acid have a
preventive effect on the prevalence of neural
tube defects (12-15). A.B. Amoa and
colleagues, from the Obstetrics and
Gynaecology Department of the PMGH,
reported that 41.5% of antenatal mothers
have folate deficiency in one combination or
another (16). Despite this low folate intake
there is still a low incidence of spinal
dysraphism compared to that in children born
in high-income countries, who have a folate
deficiency rate of 0.2-2% (17) and yet have
a higher incidence of spinal dysraphism.
Genetics and other environmental factors
need to be considered at some stage to
explain the low incidence of spinal
dysraphism in PMGH.

2. Before insertion of a shunt ensure that
there are no signs of infection for at
least 3 days.
3. Avoid use of a burr hole valve in
children. This would best be suited
for adults and older children with
thicker skull and scalp tissue, which
can accommodate the large dome.
4. The low frequency of spinal
dysraphism in PMGH needs to be
investigated further.
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Hospital from January 2003 to December 2004
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Melbourne, Australia
SUMMARY
Background: Traumatic brain injury (TBI) has been responsible for 25-30% of surgical
deaths in Port Moresby General Hospital (PMGH) over the last 30 years despite being
responsible for only 5% of the admissions. Aim: To document the epidemiology of TBI
over a period of two years from 2003 to 2004 and compare this to the previous two
decades in PMGH and elsewhere. The treatment and outcome of TBI cases are analyzed.
Methods: All TBI cases were included from January 2003 to December 2004. The Glasgow
Coma Score (GCS) and Glasgow Outcome Scale (GOS) were documented at admission
and discharge. These cases were followed up in the outpatient department for at least
6 months. Results: There were 262 cases of TBI admitted between January 2003 and
December 2004. There were 31 deaths during this period. 28 deaths were in the severe
TBI category (GCS 3-8) and 3 in the moderate category (GCS 9-12). Conclusion: The
case fatality rate of severe TBI has been reduced from 60% to just below 30% over the
period of 2 years. The formation of a single unit managing TBI over two years may be
one factor contributing to this improvement. Interpersonal violence has replaced motor
vehicle accidents as the leading cause of death from TBI.
Background and Introduction

cases of TBI that were admitted in 2003 and
2004 (1,2). Of the 262 TBI cases, 29 were
excluded because their records could not be
located or there was a lack of any follow-up
information. This left 233 for the presentation
of results.

Traumatic brain injury (TBI) is an important
cause of morbidity and mortality in Port
Moresby General Hospital (PMGH) (1,2). It
has been responsible for 25-30% of the
deaths in the Surgical Division of the PMGH
in the last 30 years (3,4) despite being
responsible for only 5% of the admissions.
The management of TBI has been by the
general surgeons for the past 5 decades until
the last 2 years when a fledgling
neurosurgery unit was set up.

The resources available to care for these
cases included 4 ICU (intensive care unit)
beds shared with the whole hospital. There
were only a handful of mechanical ventilators
available so it was not unusual for relatives
to bag the patient as there was a lack of
nurses as well as ventilators. There was no
intracranial pressure (ICP) monitoring. The
only computed tomography (CT) scan
available in Port Moresby was privately
managed and required an up-front fee to be
paid before being performed. The TBI cases
were referred by the on-call general surgery
team who consulted the neurosurgery unit
the morning after unless the injury was
severe enough to justify the neurosurgeon

The early acute management is still
provided by emergency physicians and
general surgeons before being referred on
to the neurosurgeon for definitive and
continuing care.
Patients and Methods
This study was a prospective audit of all
1

2

3

Department of Surgery, Port Moresby General Hospital, Free Mail Bag, Boroko, NCD 111, Papua New Guinea
Deputy Director of Neurosurgical Department, Chongqing Emergency Medical Centre, Jian Kong Road 1, Yu
Zhong District, Chongqing City, China
Department of Surgery and Neurosurgery, The Alfred Hospital and Monash University, Victoria 3800, Australia
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being immediately notified. A TBI register
was kept with information recorded on age,
sex and cause of the TBI. Clinical
parameters were recorded, including the
Glasgow Coma Score (GCS) on admission,
investigations and treatment.

of 3:1(177/56). Only 40 patients (17%) were
aged over 30 years (Table 1). A similar
proportion were aged 5 years or less.
Causes of TBI admissions and mortality
Assault was the leading cause of TBI
admissions to PMGH in 2003-2004, followed
by motor vehicle accidents (MVAs) and falls
(Figure 1).

Patients were then followed up in the
Outpatients Clinic of PMGH for a period of at
least 6 months, where their Glasgow
Outcome Scale (GOS) at each visit was
documented. Post-mortem records were
also examined for the years 2003-2004,
which revealed 69 cases dead on arrival
(DOA). DOA was defined as those declared
dead upon arrival by the Emergency
Department doctors after finding them
without signs of life.

The case fatality rate of severe TBI fell
steadily every 4 months over the two years
from 60% to less than 30% (Figure 2). There
were 31 deaths in hospital during the period
of study (Table 2). The leading causes of
TBI deaths were assault (18 deaths) and
MVA (11 deaths). 2 deaths were due to falls
in children who fell at home. There were 69
cases who were dead on arrival (DOA),
confirmed as TBI by post-mortem
examination, in 2003 and 2004. There were
90 cases who were dead on arrival due to
TBI in the 2 years (2001 to 2002) preceding

Results
Age and sex distribution
Males outnumbered females with a ratio

TABLE 1
AGE

AND SEX DISTRIBUTION OF TB I FROM JANUARY 2003 TO
2004 AT PORT MORESBY GENERAL HOSPITAL

Age (years)

DECEMBER

Male

Female

0-5

25

16

41

6-10

18

8

26

11-15

13

4

17

16-20

26

9

35

21-25

41

6

47

26-30

20

7

27

31-35

8

1

9

36-40

13

3

16

41-45

2

-

2

46-50

6

2

8

51-55

2

-

2

56-60

3

-

3

Total

177

56

TBI = traumatic brain injury
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Total

233
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Figure 1. The causes of traumatic brain injury admission from January 2003 to December 2004 at Port Moresby
General Hospital. N = 233 cases. MVA = motor vehicle accident.

Figure 2. Case fatality rate (CFR) of severe traumatic brain injury from January 2003 to December 2004 at Port
Moresby General Hospital. Trim = trimester.

the period of study (5,6).

d) Post-mortem findings (Table 5).

Severity and outcome of TBI

The 31 deaths had a GOS of 1 by
definition. 2 patients are in a persistent
vegetative state with a GOS of 2. There were
6 cases of severe disability that are living
dependent lives. There were 21 cases of
moderate disability over the period, ranging
from headaches and difficulty in
concentration to mild facial and limb
weakness, who are able to live independently
(Table 4).

The severity and outcome of TBI was
measured by:
a) Glasgow Coma Score versus GOS
(Table 3)
b) Glasgow Outcome Scale (Table 4)
c) Case fatality rate of severe TBI (Figure
2)

There were 31 cases of TBI deaths. In 7
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TABLE 2
DEATHS
C au se

DUE TO HEAD INJURY IN

2003

AND

2004

Dead on arrival

Died in hospital

Total

Assault

34

18

52

MVA

29

11

40

Fall

2

2

4

Accident

1

-

1

Unknown

3

-

3

69

31

Total

100

MVA = motor vehicle accident

cases post-mortem examinations were not
done despite the coroner being informed
(Table 5). The death certificates were issued
on these cases after the warrant of burial was
issued by the coroner. Of the 7 cases with
no autopsy, 3 had a CT scan which showed
the following: the first case with a GCS of 3
had contusion with severe swelling; the
second case with a GCS of 5 had cerebral
haemorrhagic contusion; and the third case
with a GCS of 8 had posterior parietal
extradural haemorrhage. There was 1 case
(GCS 10) where surgery did not reveal any
subdural or extradural collection. There were
3 cases where no CT scan, surgery or
autopsy was done; 2 of these cases had a
GCS of 5; the third case had a GCS of 3 with
multiple skull fractures and survived for only
12 hours.

•

1 case of left parietal extradural clot
evacuated but the frontal clot not
removed. This case had a GCS of 8
on admission.

•

1 case of brain laceration from
penetrating spear. This case had a
GCS of 4 when admitted.

•

1 case of subdural and extradural
bleed in the posterior fossa with
massive cerebral oedema. This case
had a GCS of 12 on admission which
deteriorated suddenly to 5.

•

1 case of depressed skull fracture with
massive cerebritis and meningitis.
This case had a GCS of 10 on
admission.

The 24 cases with post-mortem findings
were as follows:

•

1 subdural bleed. This case had a
GCS of 3 when admitted.

•

1 case of a small extradural collection
with basal skull fracture. This case had
a GCS of 5 on admission.

•

1 case of parafalcine and tentorial
bleed. This case had a GCS of 7 on
admission.

•

1 subarachnoid haemorrhage with
focal subdural haemorrhage. This
case had a GCS of 3 on admission.

•

1 intracerebral bleed. This case had a

•

•

9 cases of diffused cerebral oedema:
2 cases with additional minimal
subdural haemorrhage and 1 brain
laceration with extradural bleed. In this
category of diffuse cerebral oedema
6 cases had a GCS of 3, 1 a GCS of
4, 1 a GCS of 7 and 1 a GCS of 8 on
admission.
4 cases with gun shot injuries to the
brain: 2 cases had a GCS of 3, 1 a
GCS of 5 and 1 a GCS of 8 on
admission.
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TABLE 3
TREATMENT AND
GCS

13-15

9-12

3-8

Total

Number of
admissions

130

35

68

OUTCOME OF

TBI SHOWING GCS

VERSUS

Operations and findings

GOS

AT

PMGH IN 2003

AND

Other
treatment

Outcome

- 19 depressed skull
fracture elevation
- 2 burr hole evacuation of
chronic subdural
haemorrhage
- 1 extradural
haemorrhage evacuated
by craniotomy
- 1 spear removed by
craniectomy

Observations

128 GOS 5

- 4 extradural
haemorrhage removed
by craniotomy
- 4 depressed skull
fracture elevated
with extradural
haemorrhage removed
- 1 chronic subdural
haemorrhage evacuated
by craniotomy

2 postoperative
ventilation

- 8 tracheotomy for
prolonged intubation
- 1 extradural
haemorrhage removed
by craniotomy
- 1 brain swelling noted
after multiple burr holes
- 1 frontal EDH and 1
intracerebral
haemorrhage, both
with compound
depressed frontal
bone fracture, and 1
with depressed
temporal-occipital
fracture: all required
craniectomy, elevation
and clot removal

4 8 ca se s E T
tubed and
bagged or
ventilated

233

2004
Number of
cases
operated
on
23

2 GOS 4

25 GOS 5

9

6 GOS 4
1 GOS 3
3 GOS 1

20 GOS 5

13

13 GOS 4
5 GOS 3
2 GOS 2
28 GOS 1

45

TBI = traumatic brain injury
GCS = Glasgow Coma Score
GOS = Glasgow Outcome Scale
PMGH = Port Moresby General Hospital
EDH = extradural haemorrhage
ET = endotracheal tube
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TABLE 4
GLASGOW OUTCOME SCALE

OF

TBI AT PMGH FROM JANUARY 2003

Glasgow Outcome Scale

TO

DECEMBER 2004

Total

5 = good outcome

173

4 = moderate disability

21

3 = severe disability

6

2 = persistent vegetative state

2

1 = death

31

Total

233

TBI = traumatic brain injury
PMGH = Port Moresby General Hospital

TABLE 5
POST-MORTEM EXAMINATIONS

IN THE

31 TBI DEATHS

FROM

JANUARY 2003

TO

DECEMBER 2004

Number of cases

C T scan

Operated on

7

3

3

Autopsy done

24

2

5

Total

31

5

8

No autopsy

TBI - traumatic brain injury
CT = computed tomography

GCS of 3 on admission.

•

1 case of subdural and subarachnoid
haemorrhage. This case had a GCS
of 3 on admission.

•

1 case of extradural haemorrhage.
This case had a GCS of 7 on
admission.

these, 14 cases had a GCS of 3, 2 had a
GCS of 4, 5 had a GCS of 5, 3 had a GCS of
7, 4 had a GCS of 8, 2 had a GCS of 10 and
1 had a GCS of 12. 1 case with a GCS of 8
had bilateral chest infection with
pneumothorax from a stab to the chest.
29% of severe TBI cases had a GOS of 5,
71% of moderate TBI cases had a GOS of 5
and 98% of mild TBI cases had a GOS of 5
(Table 3).

There was no routine post-mortem
histological examination and cases of diffuse
axonal injury could have been missed on
gross brain examination.

Discussion
Traumatic brain injury is an important
cause of death in young adults and is the
commonest reason for death from trauma.

Deaths occurred in 28 severe TBI cases
and 3 moderate TBI cases (Table 3). Of
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A higher proportion of child deaths occurred
than was found in a study from the late 1980s
and early 1990s (7).

leading cause of head injury DOA (Table 2)
(5). Yet in 2001 and 2002 MVA accounted
for 85% of DOA followed by assault with 11%
(6). This raises concerns that Port Moresby
is becoming more violent unless road safety
has somehow improved.

The burden of TBI to PNG society has
maintained its importance over the last 30
years and will remain so given the stress of
the modern economy and attempts to adapt
to it. The social and cultural changes with
lack of job opportunities are in part
responsible for the increasing violence.

The classification of TBI into mild,
moderate and severe enables comparisons
of outcomes. Mild TBI is scored in the range
of GCS of 13-15, moderate is 9-12 and
severe is 3-8. This study differs from the Liko
et al. study where the TBI was separated into
3 groups of GCS 3-5, 6-8 and 9-15 (7).

When this study is compared to previous
studies (7) in PNG on TBI done in the late
1980s and early 1990s the following
contrasts are noted:

•

TBI in children was responsible for 1828% of TBI cases between 1988 and
1993 compared to 36% in 2003 and
2004 (Table 1).

•

Adult TBI 10 years before
correspondingly accounted for 72-82%
of cases compared to 64% in 2003 and
2004.

The following comparisons are drawn:

•

A decade ago severe TBI was
responsible for 11% of TBI admissions
compared to 29% in the present
period. This probably reflects the
increasing number of severe TBI
cases reaching the hospital. However,
there was no mention of dead on
arrival due to TBI in the study by Liko
et al. There is a reduction of DOA from
TBI in 2003 and 2004 – 69 compared
to 90 in 2001 and 2002 (5,6,9). This
suggests that more severe TBI are
reaching the hospital alive than before.
During this time, in the latter half of
2003, a new St John’s ambulance with
better first aid equipment was acquired
(10).

•

This study has shown the case fatality
rate of severe TBI to be 40-60%. The
fatality rate of all TBI in the beginning
of the study in early 2003 was 63%
and dropped to less than 30% in late
2004. This compares to a 60% fatality
rate 10 years ago for severe TBI and
2.2% for mild TBI. This study had no
deaths in the mild TBI category.

David Watters from Zambia in the late
1980s (8) reported that most TBI cases were
aged between 10 and 40 years compared
with the 65% in PMGH we have reported in
2003 and 2004 (Table 1).
At Townsville Tertiary Hospital in
Queensland, Australia TBI contributed to
22.4% of surgical deaths over a period of 9
months (W.M. Kaptigau, unpublished report
on neurosurgery training in Townsville
Tertiary Hospital in 2002-2003) and at The
Alfred Hospital in Melbourne, it contributed
to 53.4% over 6 weeks (W.M. Kaptigau,
unpublished report on neurosurgery training
at The Alfred Hospital in 2004).
The causes of head injury include assaults,
MVAs, falls, accidents and sports injuries.
Comparing these causes to those found in
the 1980s and 1990s at PMGH (7) one
notices that assaults have overtaken MVAs
as the leading cause of TBI admissions in
the last 10 years. 47% of TBI was due to
assault followed by MVA with 31% in 2003
and 2004 compared to 10 years ago when
MVA contributed to 47% and assault 40%.
20 years ago in PMGH assault was
responsible for 17% and MVA 34% of
admissions. Despite the increased traffic
volume in the city, assault (34 deaths, 49%)
has overtaken MVA (29 deaths, 42%) as the

From comparative data in the USA
National Trauma Data Bank (11), severe TBI
mortality was 50% in the 1970s and dropped
to 36% in 2000 (12). There is no CT at
PMGH. Unfortunately, as in Zambia in the
late 1980s (8), we are still struggling to keep
our severely injured alive once they survive
the acute injury. There are 2 out of 4 cases
of persistent vegetative cases still surviving.
The survival of persistent vegetative state
patients is a good indicator of the quality of
the allied health and nursing care but it is not
a good outcome. We do not have occupation
and speech therapists or a rehabilitation unit
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so vegetative cases are expected to die (13).

period from over 60% a decade ago
to just below 30%.

Post-mortem examinations were done in
24 of the 31 deaths (Table 5), and one
showed a clot in the frontal lobe of a severe
TBI case that has been missed at operation.
There were 2 cases of TBI that ‘talked and
died’: 1 had multiple burr holes with no
findings of extradural or subdural
haemorrhage and 1 had no surgery – in this
case the post-mortem showed a subdural
collection. A CT scan study, if available,
would have prevented an unnecessary
operation or enabled a preoperative
diagnosis of an intracerebral haemorrhage
and therefore a better-planned operation. In
the second case the CT scan would have
diagnosed a subdural haemorrhage, which
could have been evacuated.

2. Interpersonal violence has increased
in the last decade displacing MVA as
the number one cause of TBI
admissions and death in admitted TBI
cases. In the last 2 years assault has
displaced MVA as the leading cause
of DOA deaths from TBI.
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Open depressed and penetrating skull fractures in Port Moresby
General Hospital from 2003 to 2005
W. MATUI KAPTIGAU1, LIU KE2 AND J.V. ROSENFELD1,3
Port Moresby General Hospital, Papua New Guinea, Chongqing Emergency Medical
Centre, Chongqing City, China and The Alfred Hospital, Monash University,
Melbourne, Australia
SUMMARY
Background: Open wounds to the head with skull bone depression pose the potential
for serious injuries to the brain parenchyma and an increased risk of infection. The
treatment of these injuries aims to repair the breached dura as well as remove any
nidus for infection. Open wounds to the head due to bullets pose special problems and
have a high fatality rate. Aim: To review the presentation, management and outcome of
depressed and penetrating open fractures of the skull in Port Moresby. Method: All
cases seen from 2003 to 2005 were included. All were managed without a CT (computed
tomography) scan. Their Glasgow Outcome Scale (GOS) was documented on discharge.
Results: There were 340 traumatic brain injury (TBI) cases over a period of 3 years
between 2003 and 2005 managed by the Neurosurgery Unit of Port Moresby General
Hospital. The open depressed and penetrating skull fractures seen in these cases
numbered 46 (14%), of which 42 were males and 4 females. The weapons most commonly
used were blunt objects (16), knives (11), guns (6) and axes (4). Gunshots contributed
to 4 of the 7 deaths. 4 out of the 7 deaths were due to primary brain injury and 3 were
due to infection. Conclusion: Open depressed fractures and penetrating injuries form a
small but significant group in the management of head injuries. The use of blunt objects,
firearms and arrows coupled with increasing urban violence is responsible for most of
these injuries. The outcome of patients admitted who are fully conscious is expected to
be good. They can be managed by prompt debridement of the wound, elevation of the
fracture and removal of fragments as appropriate. However, the mortality rate is high in
those with a Glasgow Coma Score of 8 or less on admission, a finding indicative of the
severity of brain injury beneath the wound.

Introduction

Aims

Depressed compound skull fracture is a
serious form of traumatic brain injury (TBI)
associated with a culture of criminal and
domestic assaults including a culture of
violent payback as a means of settling
disputes. Infection is a common complication
of depressed skull fracture, particularly where
the primary management is delayed or
inadequate. These injuries require thorough
and aggressive debridement and appropriate
closure of the dural tear to prevent infection.

This study aimed to audit the treatment
and outcome of open depressed and
penetrating skull fractures in the
Neurosurgery Unit of the Port Moresby
General Hospital (PMGH) from 2003 to 2005.
We aimed to identify what lessons need to
be learned to improve trauma care by
emergency medical and surgical staff.
Methods
All cases of compound depressed and
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penetrating skull fractures were included in
this audit survey. The cases were admitted
to the Neurosurgery Unit of PMGH between
January 2003 and December 2005. The
resources available to treat these cases were
limited. There was no CT (computed
tomography) scan, no microsurgical
equipment, and a simple Intensive Care Unit.
Ventilators were in short supply and
occasionally patients had to be hand
ventilated.

motor vehicle accident (1 case). In this urban
population the annual incidence of compound
depressed skull fracture was 9 per 100,000.
Causes and outcomes of compound
depressed and penetrating skull
fractures
Blunt objects included sticks and iron bars
etc. Knife, gunshot and axe wounds were
next in frequency after blunt objects (Table
2). These weapons caused penetrating skull
and brain injuries. All firearm injuries were
armed robbery related. The blunt object,
knife and axe injuries were due to
interpersonal violence. The 2 arrow wounds
were due to ethnic clashes in the city.

Data collection included demographics,
cause of injury, Glasgow Coma Score (GCS)
on admission, head injury pathology and
treatment received. On follow-up in the
neurosurgery clinics the Glasgow Outcome
Scale (GOS) was documented in each case.

There were 7 deaths – four from gunshot
injuries and one each from an arrow, an axe
and a blunt object (Tables 2 and 3) .

Results
Age and sex distribution

The 6 cases of severe head injury (GCS
3-8) included 4 due to gunshots, 1 due to
arrow injury and 1 to axe injury. The
moderate head injuries (GCS 9-12) included

The male to female ratio was 10:1 (Table
1). The three cases in the <5 years age group
were due to a fall at home (2 cases) and a

TABLE 1
AGE AND SEX DISTRIBUTION OF COMPOUND DEPRESSED AND
PENETRATING SKULL FRACTURES IN P ORT MORESBY GENERAL
HOSPITAL 2003-2005
Age group
(years)

Male

Female

Total

0-5

3

-

3

6-10

6

1

7

11-15

5

1

6

16-20

3

-

3

21-25

5

1

6

26-30

2

-

2

31-35

5

-

5

36-40

3

1

4

41-45

5

-

5

46-50

4

-

4

51-55

1

-

1

Total

42

4

46
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TABLE 2
CAUSES

AND COMPLICATIONS OF COMPOUND DEPRESSED AND PENETRATING SKULL FRACTURES IN

PORT MORESBY

GENERAL HOSPITAL 2003-2004
Weapon/cause

Number

Complications
Wound
infection

Blunt object

16

Knife

11

C SF
leak

Haematoma

Outcome
Permanent
deficit
neurologically
12 GOS of 5
3 GOS of 4
1 GOS of 1

3

9 GOS of 5
2 GOS of 4
1

1 GOS of 4
1 GOS of 3
4 GOS of 1

2

1

3 GOS of 5
1 GOS of 1

6

1

Axe

4

1

Fall

3

3 GOS of 5

MVA

2

1 GOS of 5
1 GOS of 4

Arrow

2

1 GOS of 4
1 GOS of 1

Unknown

2

2 GOS of 5

Total

46

1

4

Gunshot

2

1

9

2

7 deaths
(7 GOS of 1)

CSF = cerebrospinal fluid
GOS = Glasgow Outcome Scale
MVA = motor vehicle accident

TABLE 3
THE GLASGOW COMA SCORE, TREATMENT AND OUTCOME OF DEPRESSED COMPOUND
AND PENETRATING SKULL FRACTURES IN P ORT MORESBY GENERAL HOSPITAL 20032004
GCS

Number

Outcome

13-15

33

well

9-12

7

3 deaths

3-8

6

4 deaths

46

7 deaths

Total
GCS = Glasgow Coma Score
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2 by gunshots, 2 by axe wounds, 2 by blunt
weapons and 1 by motor vehicle accident
(MVA).

The rest of the treatment is similar to
closed traumatic brain injury, which entails
protection of the cervical spine in the
unconscious, ensuring patency of the airways
and in the event of respiratory arrest the use
of endotracheal intubation to ventilate and
maintain normal oxygen saturation. The
blood pressure (BP) is kept at the optimum
level to maintain normal cerebral perfusion
pressure.

Most cases of mild head injury (33 cases)
were due to blunt objects or knife injuries.
All those with a GCS of 13-15 on admission
survived. Only one case was not operated
on – a gunshot injury to the head with fixed
and dilated pupils and a GCS of 5 on
admission.

The management of an open wound of the
head should follow the algorithm as set out
in Figure 1.

There were two wound infections (4% of
cases); both were ultimately fatal. Four other
fatal cases were due to the primary brain
injury and they died within a few hours of
admission. One other fatal case was due to
a chest infection complicating a blunt injury
to the head that presented with a GCS of 10.

Penetrating injuries in which the arrow is
still in place in the skull are dealt with
cautiously, paying particular attention to the
management of major vessel injury. In PNG
an angiogram would give some information
on vessel injury but can probably only be
performed in Port Moresby. If a CT scan is
available one can see the depth of the missile
and make an estimate of the vessel injury.
An arrow should not be removed until the
family is counselled on the risk of death from
bleeding after removal. Should there be no
CT scan or angiogram available proximal
control by exposing the internal carotid artery
should be considered. This was done in one
arrow injury case. The arrow was removed
slowly whilst watching for a torrential bleed
(which in this case did not occur). Should
there be brisk bleeding the internal carotid
can be occluded whilst the wound cavity is
packed. Slowly the pressure on the internal
carotid is released and the effectiveness of
the tamponade is assessed. This will
hopefully give time for haemostasis to occur.
The family also needs to be warned of the
risk of stroke, other permanent neurological
deficits and death developing during surgery
or soon after. See Figure 2 for the algorithm
for penetrating injury management.

Discussion
Compound depressed skull fractures and
penetrating injuries represent a special group
of TBI that reflects a culture of retribution
using explicit, gross and frequently deadly
weapons such as axes and arrows. Our
incidence of compound depressed skull
fracture was 9 per 100,000 compared to 1
per 100,000 per year reported from some
developed countries during peacetime (1).
Firearms have become the preferred
weapons used in hold-ups. In fact all the
depressed skull fractures caused by firearms
were robbery related. Blunt objects and
knives are usually used in personal conflicts
involving people living under the same roof
such as husbands and wives. This has been
previously reported by other studies of
trauma in Papua New Guinea (PNG) (2).
Most of these injuries are made in anger or
haste using objects that are at hand but not
meant to kill.
Arrow wounds are used in skirmishes
involving ethnic conflicts. Interestingly no
firearms were reported to have been used in
these conflicts as is the case when tribal
fights erupt elsewhere (3). However, firearms
may have been used but not reported, or the
dead were not brought to hospital.

Three acute issues associated with high
mortality in compound depressed fracture
compared to closed TBI are: 1) primary brain
injury, 2) wound infection, and 3) bleeding
causing mass effect. Addressing these
problems thoroughly will minimize the high
risk of mortality and morbidity. The infection
rate of 4% in this work is comparable to what
is seen in the developed world with an
infection rate of 2.5-10% (4). Both our
infected cases died.

The treatment of compound depressed
skull fracture should ideally aim to remove
any necrotic brain and foreign body that
would cause infection. Repair of the dura
and skull bone defects then follows.

The risk of infection increases with severe
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Figure 1. The management protocol of depressed compound skull fractures in Papua New Guinea.

Figure 2. Algorithm for the management of penetrating missile injury with or without CT scan or angiogram.

62

Papua New Guinea Medical Journal

Volume 50, No 1-2, Mar-Jun 2007

contamination of the wound and delay in
surgery for more than 24 hours. Whenever
there is delay in transfer a thorough
debridement of the wound, which is then
packed and left moist, will help reduce the
incidence of meningitis or brain abscess.

antiepileptic drugs in the first week (11).
Phenytoin is the recommended antiepileptic
drug. The skull defects can be repaired after
the acute problems of dura laceration, risk
of infection, bleeding and brain swelling are
sorted out. A CSF fistula involving the air
sinus is managed by scraping the sinus
mucosa and repairing the torn dura. CSF
leaks elsewhere are treated aggressively by
primary repair.

The primary brain injury from depressed
compound skull fracture was responsible for
4 of our 7 deaths. This is seen elsewhere
(5,6), where deaths occurred early in cases
with a GCS of <5 and no pupillary reaction.
4 out of our 7 cases had a GCS of <5 with no
pupillary reaction. These deaths occurred
within a few hours of admission suggesting
the serious damage caused by a gunshot,
axe or arrow. This is not surprising and is
the same as experienced elsewhere (7).
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Bleeding poses 2 problems: 1) there is risk
of increasing mass effect, and 2) there is the
risk of more bleeding upon removal of the
foreign body or missile. Both these problems
are addressed by first removing the clot
which is responsible for the mass effect and
then by being prepared to control the
bleeding. An angiogram is invaluable in
assessing vascular injuries and should be
done before surgery with or without a CT
scan.
The 4 factors causing high morbidity are:
1) skull and scalp defect, 2) epilepsy, 3)
permanent neurological deficit, and 4)
cerebrospinal fluid (CSF) leak. Our series
had 3 cases with major skull defects requiring
cranioplasty. There was no case of epilepsy
in the 46 patients. Permanent neurological
deficit included 1 case of hemiparesis and 1
of right upper limb monoparesis. These
deficits were due to direct brain injury.
Epilepsy develops as a result of primary
brain injury and not as a result of persisting
bone fragments in situ (8-10). Therefore,
cases with evidence of parenchymal
penetration or laceration are commenced on
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Monitoring traumatic brain injury in Papua New Guinea
W. MATUI KAPTIGAU1
Port Moresby General Hospital, Papua New Guinea
SUMMARY
Continuous appraisal of clinical indices with appropriate tests and their recording
as evidence of treatment are conducive for evidence-based management of traumatic
brain injury (TBI). Monitoring of various neurological indices and relating them to set
parameters of TBI is imperative for gauging ongoing treatment. These parameters include
cerebral oxygenation, cerebral perfusion pressure (CPP) and intracranial pressure (ICP).
These are measured directly or by use of transcranial Doppler complemented with
microdialysis, which is in the frontiers of research. The use of an ICP monitor and
computed tomography (CT) scan is part of the standard repertoire of intensive care for
the management of TBI. In Papua New Guinea where there are no ICP monitors or CT
scan, the detection of increased ICP or intracranial mass lesions is done by thorough
neurological examination complemented by monitoring of oxygen saturation, blood
pressure and the Glasgow Coma Score.
Introduction

entities well by use of an ICP monitoring
device and the mean arterial pressure (MAP)
by transducers. The measurement of
CMRO2 and CBF is by indirect means and is
fraught with inaccuracies as the local,
regional, global and systemic oxygen and
blood flow are different in the diseased,
penumbrous and normal brain tissue.

Monitoring is paramount for proper
intensive management of severe head
injuries. What is to be measured ranges
from clinical and basic investigations to more
specialized tests in the form of radiology or
intravascular contrast studies. This paper
concentrates on important clinical
observations, together with options for
monitoring in a developing country. In Papua
New Guinea (PNG) computed tomography
(CT) scan and intracranial pressure (ICP)
monitoring are not available, in contrast to
the developed world. This paper also
discusses the potential benefits of ICP
monitoring and other options which remain
areas of interest for research.

In PNG these measurements are not
available. Therefore the blood pressure (BP)
must be maintained to give a mean arterial
pressure of 90 mmHg or more. Central
venous pressure (CVP) monitoring is helpful
to monitor fluid intake. Surgical amelioration
and pharmacological agents are used to
reduce CVR and ICP.
Pathophysiology

Appropriate monitoring of traumatic
brain injury (TBI) management in PNG

A normal MAP promotes normal CBF to
the brain. However, in the injured brain this
blood may not reach the cells to maintain a
normal CMRO2. This is due to an increase
in ICP, oedema from secondary injury,
damaged blood vessels and, importantly,
altered autoregulation of the local cerebral
blood flow. In addition the blood brain barrier
and the blood cerebrospinal fluid (CSF)
barrier are deranged. The neurons are
starved of oxygen, glucose and the
metabolites needed to produce energy –
especially adenosine triphosphate (ATP).

Avoid hypotension and maintain
cerebral perfusion
The injured brain needs its normal blood
and oxygen supply determined by the
cerebral metabolic rate of oxygen use
(CMRO2) and cerebral blood flow (CBF).
Normal CBF is controlled by adequate
cerebral perfusion pressure (CPP) and
normal cerebrovascular resistance (CVR).
We are able to measure these pressure
1

Department of Surgery, Port Moresby General Hospital, Free Mail Bag, Boroko, NCD 111, Papua New Guinea

64

Papua New Guinea Medical Journal

Volume 50, No 1-2, Mar-Jun 2007

middle cerebral artery) are available in some
centres. The PET scans and the Doppler
studies are not available at the bedside.

The resultant secondary injury is due to the
release of inflammatory mediators. These
inflammatory mediators aim to improve cell
movement and localize the injury. However,
in so doing they cause more swelling, leading
to secondary injury. The important
inflammatory mediators produced include
cytokines, nitric oxide, noxious amino acids
and calcium. These lead to cell necrosis by
massive
movement
of
calcium
extracellularly. The genes controlling natural
cell death by apoptosis are switched on in
TBI. The targets of treatment are shown in
Figure 1.

Current research into intracranial
pressure monitoring
Research is directed towards how to
localize areas of ischaemia or mass lesions,
how they should be treated and how to
measure the effect of treatment.
The different techniques of monitoring
include: 1) radiology to show mass lesions,
areas of ischaemia and blood flow; 2)
techniques for measuring biochemical
changes locally and systemically; 3)
neurophysiology measurements including
entities such as vasospasm, oxygenation
and nerve conduction; 4) different ways of
documenting intracranial pressure changes;
and 5) several multimodal techniques that
combine various parameters from points 14. The monitoring techniques are used to
measure: 1) mass lesions and the pressure
changes they cause, 2) macromolecules, of
which oxygen, carbon dioxide, glucose,
electrolytes and arterial blood gases (ABG)
are important, and 3) cerebral blood flow.
The aim is to ensure that all these

What is available elsewhere?
An Intensive Care Unit (ICU) equipped to
manage head injuries overseas has ICP
monitoring and is able to measure CPP and
MAP. At times one needs to monitor jugular
bulb oxygen content (PJaO2), carotid oxygen
content, the arteriovenous oxygen content
difference (AvDO2), cerebral blood flow and
cerebral metabolic rate of oxygen use. This
is important in situations where barbiturates
are being used to treat refractory increased
ICP. Measurement of perfusion by using
positron emission tomography (PET) scans
and Doppler (which measures the flow in the

Figure 1. Summary of the principles of traumatic brain injury monitoring and treatment.
AvDO2 = arteriovenous oxygen content difference; PJaO2 = jugular bulb oxygen content; PaCO2 = arterial carbon
dioxide content (partial pressure); PaO2 = arterial oxygen content (partial pressure); ABG = arterial blood gases;
PCV = packed cell volume; CVP = central venous pressure; MRS = magnetic resonance spectroscopy; PET =
positron emission tomography; ICP = intracranial pressure.

65

Papua New Guinea Medical Journal

Volume 50, No 1-2, Mar-Jun 2007

pathophysiological aspects are optimized
and the effect of therapeutic interventions
documented.

of chemical agents to measure. The
correlations of these agents with
various neurological parameters are
important in the management of TBI:
for example, the role of glycerol apart
from glucose, and lactate levels in
brain metabolism, and how they
represent CPP indirectly (5).

Ideally these means of measurement
must be constantly available at the bedside.
This will enhance decisions favouring one
treatment modality over another. For
example, when barbiturates are used for
persistent increased ICP there are dangers
of a reduced CBF in normal brain tissue due
to their hypotensive side-effects. One has
to measure arteriovenous oxygenation
content difference and the flow in the middle
cerebral artery by Doppler to work out the
integrity of perfusion to the brain. These
ways of measurement are not reliable
because they do not measure the foci of
ischaemic spots in the brain directly. The
following techniques are examples of the
different ways of assessing the effect of
treatment. Each technique has its benefits
and deficiencies.

4. Nerve conduction studies, such as
intracranial electroencephalography
(EEG), are other options. The use of
EEG to document burst suppression
in barbiturate coma is well described.
Somatosensory evoked potentials and
auditory evoked potentials are used
during brain surgery in the context of
minimizing risk of injury to the vital or
eloquent neural tissue. More clinical
trials are needed in this area to turn
neuroscience into better treatments
and outcomes.
Tests that measure more than one
parameter include: a) transcranial Doppler
ultrasound (TCD), which assesses
hyperaemic states and vasospasm in TBI (6);
b) catheter tip transducers that monitor the
pressure changes as well as CSF release,
which can be used to monitor metabolites,
pH and signs of infection; and c) modern CT
scanners and MRI that assess the mass
effect of lesions as well as mapping the
different ischaemic spots by use of magnetic
resonance spectroscopy (MRS). More
innovations are on the horizon.

1. The pressure monitoring devices
measure ICP. The present techniques
show the local and regional pressure
gradients. As techniques improve one
can visualize the global ICP and its
relation to the compartments of the
brain. Treatment can then be specific
for areas with high ICP. The MAP is
measured by transducers in the
periphery. From these the CPP can
be determined.
2. The use of magnetic resonance
imaging (MRI), with perfusion
weighted or diffusion weighted, and
PET using multitracer approaches or
CT perfusion images all attempt to
show areas of ischaemia (1).
However, the drawback is that the
images are taken at only one moment
and it is usually difficult to transfer the
patient from intensive care to the
scanner for multiple recordings.
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Neuroprotection in traumatic brain injury: practical implications for
Papua New Guinea and some research developments
W. MATUI KAPTIGAU1
Port Moresby General Hospital, Papua New Guinea
SUMMARY
Given the lack of infrastructure in Papua New Guinea (PNG) traumatic brain injury
(TBI) cases are usually not retrieved quickly to medical centres. Cases that eventually
reach the hospital do so after the golden hour has passed. This means that the brain is
already at risk of or is already subject to secondary brain injury. In TBI, the parenchymal
integrity of the normal, the penumbrous and the lacerated tissue needs to be kept in a
state of balance, such that the normal tissue is not compromised. The whole aim of
neuroprotection is to protect the normal brain parenchyma from further injury. Secondary
brain injury is minimized by reducing cerebral oedema and intracranial pressure, in
order to improve cerebral blood flow and perfusion. This guideline describes the options
for neuroprotection in PNG.
to other soft tissue inflammatory reactions
except in the following ways:

Primary and secondary brain injury
From the 1970s to the 1980s the primary
treatment of traumatic brain injury (TBI) was
to reduce the intracranial pressure (ICP) due
to the primary injury. Since the 1990s
onwards the trend has been towards the
treatment of secondary injury and its effects
(1). Prevention of cell death by use of
neuroprotective agents as well as active
treatment of cell death is still a concept for
neurobiology research and not yet a practical
reality.

1) Due to the tight intracranial space and
the Kelly-Monroe doctrine, the cerebral
oedema increases in the confines of
the fixed intracranial space. The
severity of swelling and its rate of
increase determine the rise of ICP.
The rising ICP, if it goes unchecked,
will compromise function.
2) The brain circulation is controlled by
the blood cerebrospinal fluid (CSF)
barrier (BCSFB) and blood brain
barrier (BBB). The integrity of these
determines the flow of molecules such
as oxygen and glucose and the
excretion of carbon dioxide and
hydrogen ions.

Better understanding of the pathology of
primary insult and subsequent to secondary
injury has contributed to early treatment and
hence protecting neurons (neuroprotection)
from deleterious secondary insult. Brain
injuries occurring at the moment of impact
are referred to as primary injury. What
happens after the impact is ‘damage control’
on the body’s part to ‘minimize’ the damage
locally by a process of inflammatory reaction.
The mediators of inflammation are mobilized
resulting in a cascade of observed
physiological and morphological changes
that are paradoxically damaging to the
neurons (secondary reaction). To put it
simply, the brain swells in the secondary
reaction.

3) The flow of nutrients to the neurons is
determined by the pressure
differences
between
these
compartments and barriers. The
normal cerebral perfusion pressure of
70 mmHg is determined by the
difference in the mean arterial
pressure (MAP) and the ICP to ensure
the flow of blood and hence oxygen to
the neurons.

The secondary reaction to injury is similar
1

4) The brain capillary endothelium reacts
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• Table 1 sets out the steps for the

to the difference in oxygen and carbon
dioxide to maintain a normal rheology
by autoregulating the blood flow. This
is important to maintain a normal
oxygenation to neurons despite a
fluctuating flow of blood.

reduction of high ICP

• Reduce cerebral oedema by
judicious use of diuretics.
3. Early diagnosis of brain mass lesions
and their treatment

The treatment of TBI involves modifying
these 4 entities by use of pharmacological
agents to improve cerebral blood flow (CBF)
and by appropriate surgery to decompress a
tight intracranial space to reduce ICP. With
better understanding of these events active
prevention of secondary insult can be
instituted before this occurs. It is known that
the brain usually swells in moderate injuries
within 8-24 hours. This is in contrast to the
primary insult, where the oedema occurs
immediately (2).

•

• Do CT (computed tomography)
scan, if available, to exclude or
confirm haematoma causing mass
effect.
4. Reduce cerebrovascular resistance
(CVR) by

Intracranial pressure and cerebral
blood flow
The high ICP and its deleterious effect on
cerebral blood flow has been well described,
as are the possible ways of controlling it. In
Papua New Guinea (PNG), where there is
lack of ICP monitoring devices, the blood
pressure (BP) has to be kept high to have a
MAP of 90 mmHg. Mean arterial pressure is
diastolic BP plus one-third of the difference
between diastolic and systolic BP. The
cerebral perfusion pressure (CPP) should be
over 70 mmHg and the ICP is less than 20
mmHg.

•

Encouraging normal blood
rheology
by
optimizing
haematocrit, sodium, PaO2 (arterial
oxygen partial pressure) and
PaCO 2 (arterial carbon dioxide
partial pressure)

•

Elevate head of bed by 30°

•

Appropriate use of diuretics

•

Short periods of hyperventilation
when GCS drops.

Neuroprotection: other measures and
comments

Practical points favouring
neuroprotection in Papua New Guinea

The effectiveness of barbiturates in
improving outcomes in refractory high ICP is
inconclusive, despite their ability to reduce
ICP (3,4). Another option is to decompress
by a debulking craniotomy on severe cases
as a prophylactic procedure. This may
encourage a CSF leak and infection and is
beyond the scope of practice of a general
surgeon. Such a procedure must be
accompanied by CSF-releasing techniques
such as an intraventricular ICP monitoring
device or a ventricular drain if there is already
an ICP catheter tip in place. However,
lobectomy (5,6) as a treatment for high ICP
causes reactionary oedema, which defeats
the purpose of the procedure. It would be
better to identify those cases that will
invariably develop increased ICP before they
do so. This group might benefit from
prophylactic decompression craniotomy and

1. Maintain cerebral blood flow and
oxygenation

• Patients with a Glasgow Coma
Score (GCS) <8 need to be
intubated and ventilated to
maintain
normal
cerebral
oxygenation

•

Do burr holes in cases with
localizing signs in an attempt to
evacuate a haematoma

CBF is optimized by appropriate
use of sedatives such as
barbiturates to protect the
penumbrous areas

• Maintain systolic BP above 90
mmHg.
2. Avoid an increase in intracranial
pressure
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TABLE 1
CONTROL

OF INTRACRANIAL PRESSURE AND CEREBRAL BLOOD FLOW IN TRAUMATIC BRAIN INJURY CASES
- A STEPWISE APPROACH

To control intracranial pressure
• Avoid hypoxia
• Optimize BP
Strategies for all TBI cases to prevent high ICP
• Reduce fever and treat cause of fever by surgery
• Remove any mass lesion by appropriate surgery
• Monitor ICP by appropriate devices
• Continuous monitoring of vital signs
• Monitor CVP and MAP by appropriate devices
• Optimize fluid input and output based on the physiological indices
• Elevate head of the bed
Where there is evidence of high ICP
General measures:
• Elevate head of the bed
• Sedate
• Normalize the BP
• Normalize blood glucose level
• Intubate if GCS <8 or PaCO2 >45 mmHg
• Normalize CO2
• Optimize CVP
Specific measure:
• Exclude SOL by surgery or CT scan if available
Where there is persistent high ICP
General measures:
• Exclude SOL
• Exclude seizures
Specific measures:
• High-dose barbiturate
• Hyperventilate
• Hypothermia
• Decompressive craniotomy
• Normalize the BP
BP = blood pressure; TBI = traumatic brain injury; ICP = intracranial pressure; CVP = central venous
pressure; MAP = mean arterial pressure; GCS = Glasgow Coma Score; PaCO2 = arterial carbon dioxide
partial pressure; SOL = space-occupying lesion; CT = computed tomography
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this premise could be tested in a randomized
study. However, decompression is different
from removing necrotic brain tissue as a
result of infarction or trauma. The concept
of removing brain tissue is all the more
important when operating in eloquent areas
where there is the hope that stem cell
dispersion into infarcted and necrotic areas
may encourage regeneration (7,8); potential
recovery might therefore be compromised by
such removal.

age groups react differently to primary brain
insults. Genes associated with TBI include
those responsible for apolipoprotein E
production and others such as c-Fos, June
B, HSP70 and ZiF 268 (9-11). The list is
growing. What is anticipated is that one day
genetic therapy might improve outcomes.
This is a long way off.
Examples of the agents which have the
ability of modulating reactions include amino
acids such as amino-3-hydroxy-5-methyl-4isoxazoleprionic acid and N-methyl-Daspartate (NMDA) receptor sites important
in cell conduction or depolarization of nerve
cells by movement of ions such as Na+, K+
and hydrogen. Blockage of this activity by
synthetized agents such as Selfotel will
reduce the effect of calcium entry into the
cells by inhibiting the effect of NMDA
receptors through which glutamate activates.
Selfotel inhibits NMDA and hence reduces
the harmful effect of calcium.

In PNG there is a lack of ICP monitoring
facilities in all hospitals. It is, therefore,
important to ensure that simple measures to
reduce ICP are adopted such as elevation
of the head of the bed and that the CPP is
maintained by keeping the MAP above 90
mmHg. This is adhered to by maintaining a
normal BP using inotropes such as
adrenaline or dopamine if required. A central
venous pressure (CVP) line has to be
inserted to maintain a normal CVP as
inotropic agents require a normal blood
volume. Arterial lines to monitor intravascular
pressures would provide further guidance as
to the true BP but are not yet practical in most
PNG hospitals because of the lack of
technology. The CVR must be minimized
by ensuring the neck is freed for venous
return (keep in a neutral position to avoid
kinking of the jugular venous outflow). The
PaC02 should be maintained between 33 and
35 mmHg. A short period of hyperventilation
can be tried when there is neurological
deterioration or persistent increased ICP.
The oxygen saturation is maintained at 100%
and the pH, haematocrit, sodium,
temperature and arterial blood gases (ABG)
should be optimized. The CBF will improve
if any space-occupying lesion is removed by
appropriate surgery. In PNG, where there is
no CT scan, surgery is indicated when there
are localizing signs or deterioration in the
level of consciousness.

This exemplifies the potential role of
chemical agents to prevent secondary brain
damage. Recently there has not been much
progress in developing similar agents for
reducing damage to the neurons. Other
agents include aptiganel and tirilazad, which
is a free radical scavenger.
The
understanding of the failure of these
substances can be used as a lesson to
improve investigations by clinicians working
along with molecular scientists in a team
effort (12) to discover better agents for
neuron protection.
There are other major mechanisms
through which the neurons die in head
injuries and these include:

Neuroprotection: some research
developments
In the 1990s numerous studies were
published as to how to prevent secondary
brain injury and its deleterious effects. These
papers covered surgical decompression and
pharmacological agents. Relevant factors
included excitatory amino acids,
inflammatory mediators, free radicals, and
genes controlling the cell cycle, the release
of inflammatory mediators and apoptosis. In
addition there were issues about how certain
70

•

Cytokines IL1, IL6, IL10 and tumor
necrosis factor (TNF), which are
important in damaging neurons.
Prostaglandins (13) and corticosteroids
down-regulate cytokines.

•

Apoptosis – whether neurons die by
apoptosis or by necrosis could serve
as a therapeutic pathway in their
preservation (14).

•

Calpain proteolysis (15), which is
calcium activated and important in
neuronal degeneration. Agents
suppressing this molecule have a
potential for TBI neuroprotection.
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Axonal stretch by the primary nerve
injury (16), which will instigate
responses similar to ischaemic
necrosis by release of calcium, through
which the other agents mentioned,
especially calpain, will induce the
neuron damage.

5

6

Research into nerve regeneration by
unmasking the inhibitory signals, both
extrinsic and intrinsic, that govern glial cell
scar tissue and the neural intrinsic growth
capacity is also promising (17). The use of
cellular therapy via genetic modifications and
stem cell implants is another hope for the
future management of necrotic foci (18).

7
8

9

However, the discussion above will make
no practical difference to TBI management
in PNG in the short term. It will take some
time before what is experimental is brought
to the bedside. Practically, the important
drugs at hand for TBI remain a) diuretics, b)
inotropes, c) barbiturates, d) sedatives, e)
analgesics, f) relaxants and g) antipyretics.
These drugs work in one way or another by
reducing cerebrovascular resistance and ICP
hence improving CBF. This gives the best
chance of maintaining the CPP above 70
mmHg and hence a normal cerebral
metabolic rate of oxygen use.

10
11
12

13

For detailed guidelines the reader is
referred to the Brain Trauma Foundation
Guidelines for the Management of Severe
TBI (19).

14
15
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Paraplegia in a 10-year-old child: case report
S. THOMAS1, DAVID A.K. WATTERS2

AND

J.V. ROSENFELD3

Modilon Hospital, Madang, Papua New Guinea, University of Melbourne and Barwon
Health, Geelong Hospital, Australia and The Alfred Hospital, Monash University,
Melbourne, Australia
Case history

onset of symptoms. The mass disappeared,
his pain disappeared and he was able to live
happily for a year, even returning to school
in a wheel chair. He received 5 more courses
and enjoyed almost a year of good quality
life. After 11 months he developed neck
stiffness and vomiting, followed in a few days
by deafness and a few days more by
blindness. He was otherwise fully conscious,
able to talk and had no difficulty with
swallowing. A month later he developed
respiratory distress and succumbed 12
months after his chemotherapy had begun.

A 10-year-old boy was born 3.7 kg and
had normal milestones. He was a bright,
intelligent child, 146 cm tall, and was already
in Grade 4. One day he complained to his
parents of slight heaviness in his back. He
quickly developed a gross, painless swelling
of his lower lumbar and upper sacral region.
He had noticeably lost height on the day the
swelling first presented and he was
measured at 135 cm, a loss of 11 cm. He
could not stand straight but stood with his
lumbar spine flexed about 150. For a further
week he continued to play at home and went
to school as there was no pain. Where he
lived the X-ray service was out of order and
so no X-rays were performed and a diagnosis
of a sprained back was initially entertained.
After a week he was kept home on strict bed
rest but there was no change. Within 2 weeks
he developed a weakness of his right leg and
started to feel some pain in the lumbar region.
A week later he had weakness of both lower
limbs. Within a month he lost control of his
bladder and bowels and was transferred, at
his family’s expense, to Port Moresby. The
CT (computed tomography) scanner was
down and so a myelogram was attempted
but without success. By then he was in
severe pain and paralysed in both lower limbs
and so was taken to Townsville where a CT
scan, MRI (magnetic resonance imaging)
and biopsy (under CT guidance) were
performed, revealing a rhabdomyosarcoma,
alveolar type. The tumour was advanced and
already at Stage IV; it had spread around his
lumbar spine and to the thoracic spine. The
tumour was considered suitable only for
palliation. The paediatricians in the Madang
Base Hospital agreed to give palliative
chemotherapy, some 5 months after the
1

Comment and Discussion
This is the sad story of a tumour which
grew silently and only presented at a late
stage with signs of weakness. Weakness in
the lower limbs is always serious. This 10year-old child was unable to be adequately
investigated in Papua New Guinea (PNG)
and the investigations that might have been
available were not – due to a lack of X-rays
in one centre and the CT scanner in Port
Moresby being down. The family had the
resources to go to Australia, where an
accurate diagnosis could be swiftly made.
The later good response to chemotherapy
was better than expected, in that almost a
year of palliation was achieved.
If anyone presents with lower limb
weakness an accurate history needs to be
taken. This will determine the mode and
speed of onset, the presence or absence of
pain and any associated phenomena. One
of the first questions to be considered is
whether there is a fracture of the leg, pelvis
or spine. If so, there should be pain, unless
there is a pathological fracture. Acute
infection also presents with pain, though

Modilon Hospital, PO Box 2030, Madang, Madang Province 511, Papua New Guinea

2

Department of Clinical and Biomedical Sciences, University of Melbourne and Barwon Health, The Geelong
Hospital, Geelong, Victoria 3220, Australia

3

Departments of Surgery and Neurosurgery, The Alfred Hospital and Monash University, Victoria 3800,
Australia
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chronic infection such as tuberculosis (TB)
does not always do so. Sometimes a
tuberculous psoas abscess will track down
below the groin and may also cause hip
flexion with little pain. Examination (which
does not require any technology) will reveal
either upper or lower motor neurone signs.
Motor weakness (assessing power grade 05, tone and reflexes) may be accompanied
by sensory losses depending on the site of
the lesion. Sensation affects pain and
temperature (anterior spinothalamic tract),
light touch (lateral spinothalamic tract) and/
or proprioception (posterior columns). If there
is paralysis it will be flaccid (lower motor
neurone), spastic (upper motor neurone) or
a combination of the two. Bladder and bowel
disturbance may also occur with spinal cord
or cauda equina/conus compression. Plain
X-rays may miss intraspinal pathology such
as a tumour.

extraspinal tumour presents only when the
foramina are invaded and the lesion presses
on a nerve root or grows within the spinal
canal. Such lesions may be able to be
biopsied from the retroperitoneum or
extrapleurally. Rare diagnoses will only be
made by exploration. Laminectomy requires
some assurance that the anterior vertebral
column is intact (the vertebral bodies and
discs), which it is not in spinal tuberculosis.
Some general surgeons have been trained
to do a laminectomy; certainly all of PNG’s
orthopaedic surgeons have been and so has
any neurosurgeon.
Congenital spinal disorders may also
present in children during periods of growth
spurt which cause increased tethering of the
spinal cord. These are the conditions of
congenital thickened filum and tethered
spinal cord which may be associated with
intraspinal lipomas and also the unusual
condition of diastematomyelia which involves
a bony or cartilaginous septum passing
through the mid to lower spinal cord and
tethering the cord.

A child who will not walk because of pain
has osteomyelitis, septic arthritis, pyomyositis
or a fracture. A child who will not walk but
has little or no pain has a spinal cord lesion
until proved otherwise. There is no time to
be lost in investigation because the
commonest remediable cause that requires
urgent action is Burkitt lymphoma. A child
who presents with paralysis has Burkitt
lymphoma until proved otherwise.
Tuberculosis is another possibility, in which
case the loss of function is usually
progressive and takes a few weeks. There
may be a gibbus visible and palpable on the
spinal column.

The
classical
presentation
of
rhabdomyosarcoma in children is a tumour
arising from the head and neck region or the
pelvic organs. Most people who present with
unexplained weakness have Burkitt
lymphoma or TB. Where spinal degenerative
disease is common, prolapsed intervertebral
disc is a common pathology. Central
prolapse with bladder and bowel involvement
is always a surgical emergency and demands
urgent decompression. The diagnosis may
not always be able to be confirmed
preoperatively. However, a myelogram is an
investigation which can be performed in most
parts of PNG, does not require a radiologist,
and shows characteristic features when there
is an extradural or intradural block.

Chronic continuous back pain in a child is
usually a hallmark of organic pathology in the
spine rather than psychological issues and
needs to be investigated promptly.
Continuous, constant back pain is a sign of
malignancy or infection.
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The ‘hard to diagnose’ lesions such as the
above case of rhabdomyosarcoma or any
spinal tumour are rare. Often a histological
diagnosis can only be made by laminectomy,
opening the spinal canal and biopsy of the
extradural or intradural (extramedullary or
intramedullary) lesion. Sometimes an
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Through-and-through penetrating spear gun injury of the head: case
report
PERISTA MAMADI1 AND WESTIN SETA1
Alotau General Hospital, Papua New Guinea
The presentation of a patient with a
through-and-through penetrating injury to the
brain is always dramatic. Only the occasional
patient arrives alive and thereafter the
management of such cases is challenging.
There is little published information about
penetrating spear injuries to the head despite
a number of reports from Papua New Guinea
(PNG) on arrow and spear wounds (1-5).

before exiting the occiput. She was treated
conservatively with intravenous antibiotics
(chloramphenicol and flucloxacillin) for 5
days, during which time she remained stable.
Panadol and pethidine were used to
manage her pain. The spear was removed
under general anaesthetic 7 days after the
injury. There was no bleeding, pus or
cerebrospinal fluid leak from the track.

We report a case of a through-and-through
spear gun injury managed in Alotau General
Hospital.

Postoperatively she remained well. She
received one week of intravenous antibiotics
and one week of oral treatment. Whilst she
was in the ward the wounds healed and the
blurry vision in the left eye improved. On the
third week of admission she was discharged
home. On review about two weeks later she
remained well except that she developed
blurry vision in the right eye. She was
reassured and was observed and reviewed
one week later. One week later the blurry
vision in the right eye had improved. Visual
acuity of both eyes remained normal at 6/6.

Case history
An 18-year-old female grade 10 student
from Goodenough Island, Milne Bay
Province, was shot accidentally by a spear
gun during a picnic on 11th January 2005 by
her ‘cousin brother’. The spear entered
below her left eye and exited in the occiput
(Figure 1). She was fully conscious at all
times.
She was initially treated at a local district
hospital before being referred to Alotau
Provincial Hospital, two days later. She was
transferred on a small boat which took 18
hours’ travel before arriving at Alotau.

She made a full recovery without
neurological deficit and remained well 1 year
later. She returned to school to repeat grade
10 in February 2006.
Discussion

She was fully conscious but complained
of headache and sleeping poorly due to the
headache. She also complained of blurred
vision in the left eye. She initially had nausea
which subsided but no vomiting. There were
no fits and she was able to move all four limbs
normally. On examination the Glasgow
Coma Score (GCS) was 15, but there was
photophobia of the left eye. There were no
localizing neurological signs. Sensory and
motor functions were intact. The pupils were
normal and reacted equally to light.

To manage penetrating brain trauma in a
remote hospital is challenging. We did not
have computed tomography (CT) or
magnetic resonance imaging to determine
the extent of brain injury, nor did we have
angiography to exclude major vessel
penetration. We elected on a period of
conservative management to allow the
wound to granulate around the spear and to
allow any penetrated vessel to seal off before
removing the spear. Fortunately the patient
made a full recovery. There was no major
bleeding causing any neurological loss after
removal nor did she develop meningitis.

Her skull X-ray (Figure 2) showed that the
spear entered below the left orbit, missing
the globe, and penetrated the occipital lobe
1

Alotau General Hospital, PO Box 402, Alotau, Milne Bay Province 553, Papua New Guinea
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Figure 1. The spear from a spear gun entered below her left eye and exited in the occiput. Photograph
reproduced with the permission of the patient.

Figure 2. Skull X-ray showing the through-and-through penetrating spear gun injury of the head.
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EDITOR’S NOTE
2

Jeff Rosenfeld and the focus editor
(DAKW) congratulate the authors on the
outcome achieved in this case. However,
we do not believe it was necessary to wait a
week before removing the spear. Otherwise
we agree with the management given in
Alotau. In Port Moresby such a case would
have warranted an angiogram and CT scan
prior to removal as is discussed in the paper
on open depressed fractures (6).

3

4
5

6
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CLINICAL PRACTICE
A practical approach to the management of head injuries in Papua New
Guinea
W. MATUI KAPTIGAU1
Port Moresby General Hospital, Papua New Guinea
SUMMARY
Traumatic brain injury (TBI) is one of 3 leading causes of deaths in the Surgery
Department of Port Moresby General Hospital in the last 30 years despite being
responsible for only 5% of admissions. It maims and kills the young. Most of these
injuries and deaths can be prevented by addressing public health issues such as
modifying people’s lifestyles to avoid drink driving, wearing seat belts in vehicles and
peaceful conflict resolution. Severe disabilities can be minimized by prompt and adequate
management that prevents secondary brain injury. This is achieved by aggressive
maintenance of normal cerebral oxygenation and blood pressure (BP) and optimization
of intracranial pressure (ICP). These outcomes are achieved by ensuring that the airways
are patent, with respiration assisted where necessary, and by the use of fluids or
inotropes to maintain a normal BP. Prompt appreciation of mass lesions and their
removal will optimize ICP, improve cerebral perfusion pressure (CPP) and oxygenation.
Management of severe TBI involves appropriate use of ventilation and pharmacological
agents to ensure ICP and CPP are optimized either in situations where surgery is not
indicated or after decompressive surgery. The high morbidity and mortality posed by
TBI can be reduced by addressing these issues in Papua New Guinea.
(1) reviewed head injuries in Australia in the
last 30 years and found the fatalities from
road traffic accidents had reduced by 47%.
This was achieved by changing people’s
social behaviour by legislating for the use of
seat belts and against drink driving and
speeding.

Head injury (traumatic brain injury)
Any injury to the head raises the possibility
of an incredible range of morbidity from death
to loss of independence to complete
recovery. Severe head injury has the
potential to make someone totally dependent
on others. Recovery from severe traumatic
brain injury (TBI) is akin to being born again
and relearning life skills. The cost is immense
in any society, both in monetary terms and
loss of human productivity. There may also
be psychological and social impairment even
if motor and sensory functions recover.

In Papua New Guinea (PNG) with the
introduction of compulsory seat belt laws (2),
the number of traffic accidents has not
increased over the years despite a vehicle
and population increase (3-5). In fact,
nowadays severe TBI is more likely to be due
to assault than traffic accidents (6,7).

TBI has contributed to one third of surgical
deaths in Port Moresby General Hospital
(PMGH) over the last 30 years despite being
responsible for only 5% of admissions. Head
injuries are a major health problem with
implications for society, public health and
clinical practice.

Cases that arrive alive have already
survived the golden hour. A significant
number of dead on arrival (DOA) cases are
also due to TBI (7). Some of those DOA
might be saved by better retrieval services
with well-trained and equipped paramedics.
However, retrieval services in most parts of
PNG are limited or not available at all.
Despite this there are still a significant

Yet head injuries are potentially
preventable. Leigh Atkinson and Glen Merry
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number of TBI admitted for treatment. In
PMGH over the 2 years from 2003 to 2004
there were 262 cases admitted (5,7-9).
Moreover, the mortality rate was reduced
from 63% to less than 30% (7).

and shock (circulation). All severe – Glasgow
Coma Score (GCS) of 8 or less – head
injuries should receive oxygen and be
intubated. They should be fully resuscitated
but avoid over-resuscitation, which might
cause cerebral oedema and raise intracranial
pressure. Other injuries likely to result in
hypoxia or shock have a higher priority than
the head injury in determining the order of
management. The injured brain needs
oxygen and perfusion.

This improvement was achieved by
following the principles of Advanced Trauma
Life Support (ATLS)/Early Management of
Severe Trauma (EMST) (10) (ABCDE,
primary and secondary survey) as well as the
Brain Trauma Foundation (11) and the
Neurosurgical Society of Australasia (12)
guidelines.

Definitive management of head injury
Admission and discharge criteria should
follow those set out in Tables 1 and 2. TBI
cases are managed according to the severity
of the injury (Table 3). This is based on the
GCS but also on the likelihood of intracranial
injury for specific presentations (13,14). The
plan of management varies according to risk,
graded as low, moderate or high (13).
Sometimes a history of head injury is not
given and the possibility of head injury in an
unconscious patient needs to be considered.
Often, careful palpation of the scalp will
reveal the point of impact.

Early management of severe trauma
The patient is managed initially by a
primary survey focused on the immediate
threat to life from problems in the airway,
breathing and circulation. This is followed
by a secondary survey and later, within 4-18
hours, a tertiary survey (a secondary survey
repeated for missed injuries).
The major causes of secondary brain
damage are hypoxia (airway and breathing)

TABLE 1
ADMISSION CRITERIA

FOR TRAUMATIC BRAIN INJURY CASES

Admission criteria
• GCS <15
• Neurological deficits
• Skull fracture
• Facial ecchymosis or scalp laceration or bruising
• Nausea and/or vomiting
• Unsure of history of head injury
• Extreme of ages
• Drug consumption
• Unsupervised or insecure home environment
• Epilepsy
• Meningeal irritation signs
GCS = Glasgow Coma Score
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Definitive management varies according
to the availability of computed tomography
(CT) scanning (Figures 1-3) and the clinical
presentation. We recommend the Brain
Trauma Foundation (BTF) guidelines but
treatment also varies according to the
pathology (Table 4 and Figure 2).

fully conscious. Discharge is dependent on
reliable family members who understand the
criteria for readmission – severe headache,
vomiting, confusion, altered behaviour, fever,
neck stiffness, localizing neurological signs.
Any of the above may suggest the
development of a subacute or chronic
subdural haematoma.

The management of TBI is determined by
the GCS, neurological deficits, the age of the
patient, associated injuries, the risk of
increased intracranial pressure (ICP), the
presence of high ICP and comorbidities. In
addition, it depends on the assessment (with
or without CT) as to whether there is a mass
lesion (extradural or subdural) or other
injuries such as contusions (whether they are
causing a mass effect or not), axonal injuries
(whether diffuse (DAI) or focal), an
intracerebral bleed (ICB), an intraventricular
bleed (IVB), or a subarachnoid haemorrhage
(SAH). Other problems to be managed
include raised ICP, fractures (linear,
depressed or basal with or without the
presence of air) and scalp injuries.

Unfortunately a number of patients with
TBI will not improve. The use of ventilation
and an intensive care unit (ICU) results in a
problem of when to diagnose brain death and
how to switch off life support. Cultural issues
make the way this is discussed with relatives
very important. Table 5 and Figure 3 give
brain death criteria that can be used in PNG.
The family must be informed of the
implications of brain death assessment.
They should be warned of the need for a
coroner’s post-mortem examination.
Doctors must be sensitive to the cultural and
language barriers that hamper effective
communication. Attempts should be made
to give the family enough time to emotionally
accept what may be an inevitable outcome
but is nonetheless an awful tragedy for them.
It is important that they are fully informed to
avoid any risk of blame being ascribed to
the doctors that confirm brain death.

Where there is no CT scan patients should
not be discharged until they have fully
recovered. If there is a normal CT a patient
can be discharged 24 hours after becoming

TABLE 2
DISCHARGE

INSTRUCTIONS IN TRAUMATIC BRAIN INJURY

(TBI) CASES

Mild to moderate TBI cases
• Observe until Glasgow Coma (GCS) is 15
• Before discharge ensure the following are met:
- Responsible adult/s is/are living with patient at home. Patient and relatives
counselled.
- There is easy access to transport or telephone to reach the hospital if patient
discharges <10 days after admission
- Not to drive, climb, swim, light fire, cross road alone, or take alcohol until
cleared by a doctor
Severe TBI
• Observe/treat till GCS is 15 or stabilizes after the acute phase of TBI
• Rehabilitate with the help of family. Counsel family on the long-term outlook,
which depends very much on the progress of the Glasgow Outcome Scale during
follow-up in Outpatients

79

Papua New Guinea Medical Journal

Volume 50, No 1-2, Mar-Jun 2007

TABLE 3
ADMISSION AND

OBSERVATIONS CRITERIA FOR TRAUMATIC BRAIN INJURY

(TBI)*

Low -risk injury includes those w ith:
• No symptoms
• Headache
• Dizziness
• Scalp haematoma
• Neither moderate- nor high-risk criteria present
• No loss of consciousness
These patients can go but must have clear instructions to seek medical attention when
any of the following develop (subdural precautions):
- Drop in conscious level
- Behavioural change
- Increased headache
- Slurred speech
- Weakness in arm or leg
- Persistent vomiting
- Pupillary enlargement
- Seizures
- More swelling in the injury site
Moderate risk of intracerebral injury includes those w ith:
• History of change or loss of consciousness on or after the injury
• Progressive headache
• EtOH or drug intoxication
• Post-traumatic seizure
• Unreliable history
• Age <2 years
• Vomiting
• Post-traumatic amnesia
• Signs of basilar skull fracture
• Multiple traumas
• Serious facial injury
• Possible skull penetration or depressed skull fracture
• Significant subgaleal swelling
• Child abuse
These patients must have the following done:
• CT scans
• SXR
• Observations at home in the following situations
- Normal CT scan
- Initial GCS >14
- No high-risk criteria
- No neurological deficit compared to before
- There is a responsible adult at home to take care of the patient
- Patient has reasonable access to return to the hospital if condition worsens
- No complicating issues such as abuse or violence at home
- Caregiver must have clear written subdural precautions (as above)
- Observation at hospital if any of above not met
High-risk cases include those w ith:
• Depressed level of consciousness not due to EtOH or drug metabolic abnormalities
• Focal neurological signs
• Decreasing level of consciousness
• Penetrating skull injury or depressed skull fracture
*adopted with permission from Masters et al. (13)
EtOH = alcohol; CT = computed tomography; SXR = skull X-ray; GCS = Glasgow Coma Score
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Figure 1. Management of traumatic brain injury where there is no CT (computed tomography) scan or ICP
(intracranial pressure) monitoring device.
TBI = traumatic brain injury; GCS = Glasgow Coma Score; PaO2 = partial pressure of oxygen in arterial blood.

Figure 2. Management of traumatic brain injury (TBI) where there is a CT scan and ICU care with ICP monitoring
device.
Ø = monitor ICP with any 2 of these present despite normal CT scan: age >40 years, BP <90 mmHg and
decorticate or decerebrate rigidity.
CT = computed tomography; ICU = intensive care unit; ICP = intracranial pressure; GCS = Glasgow Coma Score;
EEG = electroencephalogram.
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Cushing's sign
Decerebrate or decorticate
rigidity
From mass lesions
Pupil signs: poor light reflex
and dilated pupil

Reduced GCS
Focal neurological signs
depending on the site of
contusion

Reduced GCS
Brain stem affected leads
to apnoea

History of trauma
Exclude risk factors of CVA
like high BP and
EtOH/amphetamine

Contusion

Diffuse axonal
injury (DAI)

Intracerebral
bleed (ICB)

Presentation

High ICP

Lesion/problem

TRAUMATIC BRAIN INJURY
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Due to mechanism similar to
contusion or may be due to missile
injury
CT scan shows intracerebral dense
foci of mass lesions

Due to rotational, acceleration or
deceleration injury, especially
angular acceleration in coronal
plane
CT with fluffy echogenic spots in
corpus callosum and brain stem

CT with fluffy echogenic spots in
cortical poles adjacent to the
cranial vault ridges due to
contracoup/coup injury with brain
contact with endocranial bony
ridges

CT shows tightness: obliteration of
basal cisterns and the sulci/gyri
margins
Mass lesions

Mechanism/diagnosis

PATHOLOGY OF

TABLE 4

Removal if causing
mass effect or
increased ICP

Ventilate and
insertion of ICP
monitoring device

Decompression if
>2 cm with mass
effect and causing
increased ICP

Ventilate
Diuretics
Craniotomy and/or
burr hole for any
mass lesions

Treatment

If treated early should have
good outcome

Depends on grading: grade 1
has microscopic oedema, 2
has focal lesion in corpus
callosum, 3 has focal lesion in
brain stem, which is
responsible for 30% of fatal
head injuries presenting as
DOA

Depends on size of lesion
Delayed traumatic
intracerebral haemorrhage
has a 50-75% mortality

Usually depends on
associated mass lesions

Outcome
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Reduced GCS and long
tract signs with increased
ICP due to mass lesion in
cortex
Must exclude coagulopathy

Subdural
haemorrhage
(SDH)
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ICP = intracranial pressure
CT = computed tomography
GCS = Glasgow Coma Score
DOA = dead on arrival
CVA = cerebrovascular accident
BP = blood pressure
EtOH = alcohol
TBI = traumatic brain injury
EVD = external ventricular drain
CSF = cerebrospinal fluid
ASDH = acute subdural haemorrhage
CSDH = chronic subdural haemorrhage

Lucid interval in up to 30%
o f ca se s o r a s i n S D H
Contralateral hemiplegia
occurs
However, there may be a
Kernohan's notch
phenomenon

Severe TBI
Need to exclude
aneurysmal bleed, which
has a history of unprotected
falls

Subarachnoid
haemorrhage
(SAH)

Extradural
haematoma
(EDH)

Major trauma with severe
TBI

Intraventricular
haemorrhage
(IVH)

73% due to temporoparietal area,
especially fracture of
squamotemporal bone
CT scan shows in 84% lenticular
high-density lesion (20% chance of
occurring with ASDH)

Due to surface strains or
contracoup injuries with shearing
effect leading to torn bridging veins
Cases with atrophied brain are
prone to getting chronic SDH
CT scan shows crescent mass of
increased attenuation adjacent to
the inner table

CT scan shows hyperdense focal
lesions in the skull base along the
circle of Willis or the sulci markings
CSF shows xanthochromia

Due to deceleration/acceleration
and deep strains with CT showing
hyperdense collection in ventricles
Majority of IVH has evidence of
diffuse brain damage

Outcome depends on other
associated parenchymal
damage as SAH is commonly
associated with other brain
lesions

50% of DAI have IVH and
hence prognosis akin to DAI

Needs craniotomy
if lesion is >1 cm
or has mass effect
or increased ICP

Outcome depends on speed
of evacuation: 20-55%
mortality in pre-CT era and
12% in CT era
Optimal treatment within a few
hours results in 10% mortality

Treat by craniotomy Outcome depends on
in ASDH and burr
secondary insult to the brain
hole for CSDH
(50-90% mortality and higher
in elderly) and promptness to
treat (4 hour rule)
Cases operated on >4 hours
after injury have higher
mortality

Treat vasospasm
and hydrocephalus
when they occur

If causing
hydrocephalus may
need shunt or EVD
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Figure 3. Life support guidelines in severe traumatic brain injury cases. Children have twice the length of
ventilation time but are similar to adults when confirmatory tests are available.
GCS = Glasgow Coma Score; BSD = brain stem death.

TABLE 5
BRAIN STEM DEATH ASSESSMENT GUIDELINES

IN TRAUMATIC BRAIN INJURY CASES

1. Assessment done after no corneal reaction plus observation periods allocated for
different age groups:
• Ensure no brain stem suppressant on board
• Brain stem death assessment involves*:
- brain stem reflexes
- vital signs
- deep central pain
- apnoea.
2. After BSDA noted ensure observation time limits are met for different age groups
as well as appreciation of irreversible conditions.
3. In face of no earlier BSD confirmation: when there is cardiac arrest, cease life
support if no heart rate, no blood pressure and no spontaneous respiration after >1
hour of cardiopulmonary resuscitation in presence of fixed dilated pupil and no
corneal reaction from the outset.
*Done after the observation period by two specialists and independently on two occasions: when both
agree on BSD then the life support is withdrawn
BSDA = brain stem death assessment
BSD = brain stem death
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TABLE 6
CASE

FATALITY RATES OF SEVERE TRAUMATIC BRAIN INJURY IN DEVELOPED AND DEVELOPING
COUNTRIES

Centre

1970s

1980s

1990s

2000s

Townsville Tertiary Hospital*

-

-

-

23-27%

Port Moresby General Hospital (15)

-

>80%

70-80%

41-60%

The Alfred Hospital**

-

-

-

15%

Zambia (16)

-

80%

-

-

49-52%

36%

29%

3%

United States of America (17-19)

*Kaptigau WM, unpublished report of neurosurgery training in Townsville Tertiary Hospital, 2002-2003
**Kaptigau WM, unpublished report of neurosurgery training at The Alfred Hospital, Melbourne, from 10
May to 18 June 2004

Audit and quality improvement

Table 6 shows TBI outcomes in some
parts of the world. It shows that some
progress has been made and what might yet
be achieved with better resources. A CT
scanner would be a significant step forward
and be of great benefit. ICP monitoring and
a better ICU would be the next step (20,21).

The only way to improve and approach
best practice is to audit outcomes and
conduct peer review at regular intervals.
Process audit could review adherence to
agreed protocols and guidelines. For
example, key performance indicators such
as intubating patients with severe head
injuries, maintaining oxygenation and a mean
arterial pressure of at least 70 mmHg can be
collected with peer discussion of failures to
comply. Another issue is the timeliness of
haematoma evacuation. Outcome audit also
requires risk stratification to compare
outcomes. For head injury the GCS on
admission, the actual pathology (subdural is
worse than extradural) and associated
injuries are important factors influencing final
outcomes, which can be scored according
to the Glasgow Outcome Scale (GOS). Head
injury outcomes will be influenced by
prehospital care, and the availability of
resources and skills to manage the specific
injuries including the use of intensive care
and mechanical ventilation. Mortality audits
might usefully include those cases dead on
arrival if enough information can be obtained
to make a worthwhile discussion.
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CLINICAL PRACTICE
The management of spine pathology in Papua New Guinea
W. MATUI KAPTIGAU1, PERISTA MAMADI2 AND IKAU KEVAU3
Port Moresby General Hospital, Papua New Guinea and University of Papua New
Guinea, Port Moresby
SUMMARY
This paper outlines the principles of the management of different spinal diseases. In
Port Moresby General Hospital between 2004 and 2006 there were 41 spinal injuries, 36
cases of spinal tuberculosis (8 of whom were operated on), 3 non-tuberculous infections
and 11 degenerative conditions. The incidence of spinal dysraphism is low in Papua
New Guinea with only 5 cases recorded in Port Moresby over the 3-year period.
Identification and assessment of spinal pathology were sometimes limited by a lack of
radiological investigation and often the resources were not available for optimal
treatment. 8 cases with myelopathy had no definitive diagnosis made.
Spinal trauma in Papua New Guinea

complete paraplegics (27 cases) and partial
paraplegics (8 cases). 32 (38%) of the 84
patients had no cord damage despite their
spinal injury. Of those patients with a
complete cord injury at presentation only 5
made a partial recovery (14%) whereas of
those with incomplete cord injuries there
were 10 (59%) with complete recovery and
5 (29%) with some recovery. Fortunately
none of the 32 patients admitted without
spinal cord injury suffered spinal cord
damage in hospital. Four patients had an
operative reduction and/or stabilization
performed. The incidence of complications
was nonetheless high with urinary tract
infections in 24, pressure sores in 15 and
chest infection in 10; 46% of patients suffered
at least one complication and 9 patients died,
representing 11% of all spinal injuries and
17% of those with spinal cord injuries.

There have been two studies of spinal
injury in Papua New Guinea (PNG). The
epidemiology of spinal cord injuries in PNG
(1978-1981) was reviewed by Gee and Sinha
in 1982 (1). They reported 36 patients from
Port Moresby, in whom the commonest
causes were falls and motor vehicle
accidents. Pressure sores occurred in 69%,
urinary tract infection in 61% (including
periurethral abscess and fistulation) and
contractures in 22%. Two-thirds of patients
remained long-term in hospital for up to 18
years. Although they only noted two deaths
the authors recognized that they may have
failed to trace some patients who had died.
The second study was by Jacob Painui for
his MMed thesis on traumatic spinal injuries
(not just spinal cord) in Port Moresby during
1997-2001 (2). He reported 84 cases with
the commonest causes being 39 from falls
(46%), 18 from motor vehicle accidents
(MVA) (21%) and 13 from sports injuries
(15%). 68 of these were males. He classified
the cases into complete quadriplegics (8
cases), partial quadriplegics (9 cases),

Between 2004 and 2006 there were 41
spinal injuries recorded in Port Moresby
General Hospital (PMGH).
Management of spinal trauma
The treatment is determined by the
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segment of spinal injury, the presence or
absence of neurological deficits, the
completeness of the lesion, instability,
whether or not there is an open wound, the
mechanism of injury and the availability of
resources or skills.

and hopefully reduce compression of the
cord. Skeletal traction should aim to reduce
the dislocation and align the fracture.
Whether or not reduction is successful it
should be continued for 6 weeks to
encourage stabilization to occur. Open
wounds to the cervical spine are treated by
surgery to remove foreign matter and bone
fragments and skull traction is applied to
effect stabilization. For patients with an intact
cord lack of a cervicothoracic orthosis or halo
vest means that in PNG prolonged traction
in bed is the common form of treatment. This
is frustrating for the patient and the carers
but also carries a risk of thromboembolism,
pressure sores and urinary sepsis though the
latter two are uncommon in those with intact
neurology. Long-term (6-12 weeks) followup of cervical injuries should include flexion
and extension X-ray views of the neck with
each increment performed under
supervision. When there is evidence of
instability a posterior fusion should be
performed.

Thoracolumbar spine
Conservative treatment is the mainstay of
our thoracic and lumbar spinal trauma cases.
Open spine wounds with or without
neurological deficits are best operated on.
Surgery should be done within 24 hours of
injury before a complete spinal lesion sets
in. In addition the risk of further loss from
infection is then minimized. Closed spinal
injuries are treated by surgery only when an
incomplete spinal lesion is worsening.
Stabilization of the spine after surgery is by
traction or bed rest. The risks of pressure
ulcers and orthostatic pneumonia are high
in this situation, as these patients cannot be
mobilized early. Improvising techniques and
equipment to substitute for expensive
implants (which are not available in PNG) is
necessary. Even those cases with a
complete spinal lesion (for >24 hours) may
sometimes benefit from surgery to stabilize
the spine and enable early mobilization. This
will prevent bleeding and haematoma
formation in the foci of injury and in the long
run may minimize the risk of pressure ulcers,
orthostatic pneumonia and prolonged
hospitalization. Removal of bone fragments
within the cord or canal is another objective.

Management of paraplegia and
quadriplegia
Patients with neurological deficits
(paraplegia and quadriplegia) spend a long
time in hospital. Some patients fail to survive
the early risks of pneumonia and later risks
of pressure ulcers and urinary stasis, stones
and sepsis. The survivors are dependent on
a long-term consistent commitment by their
‘wantoks’, and those who do not recover their
sensation at least rarely live more than a short
number of months or years. Elsewhere, units
devoted to the care of paraplegics ensure
that these patients survive. In PNG there is
a lack of infrastructure and institutional
support for these unfortunate individuals who
often languish on the surgical wards. PNG
badly needs a spinal injuries treatment centre
to improve the care of those who are usually
young when they suffer their spinal cord
transection.

Cervical spine
Cervical injuries are frequently seen in our
practice. The Advanced Trauma Life Support
(ATLS) protocol recommends that an injured
patient has their airway managed with
stabilization of the cervical spine (3). The
cervical spine is protected and assumed to
be injured at all times during the primary and
secondary survey until it is cleared. A cervical
spine X-ray is the minimum investigation
taken on multiply injured or unconscious
patients as part of the process to clear the
spine. Suspected whiplash-type injuries that
do not show any evidence of vertebral
displacement or neurological deficit are
treated by applying a neck collar for 6 weeks.
In the event of vertebral displacement with
actual or potential myelopathy (cord pressure
or damage) or radiculopathy (root
compression or injury), skull traction is
immediately applied to correct displacement

A consultancy was carried out by Dr
Vernon Hill, formerly head of the Queensland
Spinal Injuries Unit, in 1999.
His
recommendations on early management
were made known to the Department of
Surgery and the 1999 Medical Symposium
in Rabaul. His recommendations on
rehabilitation and community support may
have contributed to some of the important
developments in recent years. Certainly
support for the disabled has improved with a
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national disability magazine published four
times a year since 2004 (4). Voluntary
Services Overseas (VSO), Motivation, Callan
Services, Friends of the Disabled (FODA)
and Divine Word University are some of
those who have all made significant
contributions. Julie Hamilton’s publication of
‘George’s Story’ has provided a booklet on
one quadriplegic person that helps to raise
the challenges of the condition for the general
public (5). Most of the support for the victims
of spinal trauma in terms of wheelchairs and
community support is provided by charity
organizations and outside agencies.

in PMGH between 2004 and 2006. The
management is determined according to
evidence of myelopathy, radiculopathy,
presence of instability and availability of skills
and resources. At present the surgery of
decompression is indicated for spinal
stenosis
causing
myelopathy.
Decompression surgery should only be done
if it can be performed without worsening or
causing instability. Spinal implants should
be used if instability is a problem. An anterior
approach is preferred in situations where
there is no radiculopathy and where one is
not dealing with multilevel disease. A
posterior approach involving laminectomy or
its variants is preferred in multilevel disease
or when there is radiculopathy.

Management of spinal tuberculosis
About 30% of tuberculosis in PNG is
extrapulmonary. In a quarter of the
extrapulmonary cases the bone and joints are
affected with about half of the bone and joint
tuberculosis involving the spine, principally
the vertebral bodies and intervening discs (6).
Between 2004 and 2006 there were 36 cases
of spinal tuberculosis (STB) recorded in Port
Moresby General Hospital, 8 of whom were
operated on.

The identification of spinal pathology and
its assessment were sometimes limited by a
lack of radiological investigation, and often
the resources were not available for optimal
treatment. Of the 104 cases of spinal
pathology investigated in Port Moresby
General Hospital between 2004 and 2006
there were 8 with myelopathy in which no
definitive diagnosis was made.

STB management in 80% of the time is
successful by chemotherapy alone without
the use of spinal corsets. Surgery is indicated
when there is myelopathy or significant
kyphosis, especially in children. Anterior
decompression and autologous bone fusion
is the preferred surgical technique (7). A
costotransversectomy is preferred in
situations where the anterior approach is
contraindicated or where the surgeon aims
only to drain pus but not fix the spine (8). A
CT scan is superior to plain X-rays in
diagnosing multiple-level disease and the
presence of anterior or posterior disease.
This information will determine the best
surgical approach. Children with kyphosis
and adults with multiple-level disease warrant
a transfer to centres where implants and skills
are available. The preferred way to treat
multilevel disease is by vertebrectomy and
bone fusion reinforced by anterior placement
of implants. Children with significant
kyphosis need corrective surgery to prevent
stunting of growth.

Spinal dysraphism (myelomeningocele,
lipomyelomeningocele, etc)
In PNG the incidence of spinal dysraphism
appears to be lower than that reported from
developed countries (9,10). In PMGH
between 2004 and 2006 only 5 cases were
recorded in the 3-year period.
Spinal dysraphism is managed depending
on the presence of neurological deficit and
whether or not these lesions are open or
closed, with or without hydrocephalus. In
PNG open dysraphism with a high risk of
infection should be operated on as soon as
possible unless a decision has been made
with the parents not to treat the child. Patients
are followed up after surgery and if there is
evidence of hydrocephalus, a VP (ventriculoperitoneal) shunt is inserted. Closed cases
are operated on only if there is myelopathy.
Cases without myelopathy may be operated
on for cosmetic reasons providing injury to
spinal cord and nerves can be avoided.

Degenerative disease of the spine
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Barry AE, Leliwa-Sytek A, Tavul L, Imrie H, MigotNabias F, Brown SM, McVean GA, Day KP.
Population genomics of the immune evasion (var)
genes of Plasmodium falciparum.
PLoS Pathog 2007 Mar;3(3):e34.
Var genes encode the major surface antigen
(PfEMP1) of the blood stages of the human malaria
parasite Plasmodium falciparum. Differential
expression of up to 60 diverse var genes in each
parasite genome underlies immune evasion. We
compared the diversity of the DBLalpha domain of
var genes sampled from 30 parasite isolates from a
malaria endemic area of Papua New Guinea (PNG)
and 59 from widespread geographic origins (global).
Overall, we obtained over 8,000 quality-controlled
DBLalpha sequences. Within our sampling frame,
the global population had a total of 895 distinct
DBLalpha ‘types’ and negligible overlap among
repertoires. This indicated that var gene diversity
on a global scale is so immense that many genomes
would need to be sequenced to capture its true
extent. In contrast, we found a much lower diversity
in PNG of 185 DBLalpha types, with an average of
approximately 7% overlap among repertoires. While
we identify marked geographic structuring, nearly
40% of types identified in PNG were also found in
samples from different countries showing a
cosmopolitan distribution for much of the diversity.
We also present evidence to suggest that
recombination plays a key role in maintaining the
unprecedented levels of polymorphism found in
these immune evasion genes. This population
genomic framework provides a cost effective
molecular epidemiological tool to rapidly explore the
geographic diversity of var genes.

2

Becker AE, Fay K, Gilman SE, Striegel-Moore R.
Facets of acculturation and their diverse relations to
body shape concern in Fiji.
Int J Eat Disord 2007 Jan;40(1):42-50.
OBJECTIVE: The present study examines the
relation between acculturation and body shape
concern in Fiji – a society undergoing rapid social
change. METHOD: Data were from two cohorts of
ethnic Fijian girls and women collected in 1998 (n =
115). A factor analysis was performed to identify
dimensions of acculturation. The association of
those with body shape concern was examined with
linear regression. RESULTS: Three dimensions of
acculturation were identified. Multiple linear
regression models demonstrated that each of these
dimensions of acculturation had a unique relation to
body shape concern. The adjusted R(2) for the fully
adjusted model relating acculturation to body
concern was 0.63, indicating a substantial degree
of shared variation between measures of body shape
concern and measures of acculturation.
CONCLUSION: Acculturation may have a strong
impact on body shape concern in Fiji. However,
acculturation is a multidimensional construct and
does not likely have a monolithic relation to body
shape concern.
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3

Berlioz-Arthaud A, Kiedrzynski T, Singh N, Yvon
JF, Roualen G, Coudert C, Uluiviti V.
Multicentre survey of incidence and public health
impact of leptospirosis in the Western Pacific.
Trans R Soc Trop Med Hyg 2007 Jul;101(7):714721. Epub 2007 Apr 17.
The objectives of the study were to describe the
mode of circulation (endemic or epidemic) of human
leptospirosis in various Pacific island states and
territories by identifying predominant Leptospira
serogroups and the most probable routes of human
exposure, and to recommend a feasible laboratory
strategy for leptospirosis in the Pacific. From
September 2003 to December 2005, 263
leptospirosis suspect patients were recruited by
public practitioners on 11 Pacific islands, using the
WHO case definition. Diagnosis was confirmed
using a three-level serology algorithm and a regional
laboratory network. Sixty-nine leptospirosis cases
were identified from seven islands: Futuna, Raiatea
and the Marquesas Islands where outbreaks were
apparent, and Vanuatu, Fiji, Palau and Wallis where
sporadic cases indicated at least the presence of
the disease. Most patients were men aged 17-40
years. The infection appeared to occur during the
course of normal daily activities more often than
following specific professional exposure. The
dominant presumptive serogroups were
Icterohaemorrhagiae and Australis, highly
suggestive of a rodent reservoir. This study confirms
the widespread presence of leptospirosis in the
Pacific region. It should help in the implementation
of local leptospirosis control plans and highlights the
role of on-site laboratory confirmation.

4

Bockarie MJ, Tavul L, Ibam I, Kastens W, Hazlett
F, Tisch DJ, Alpers MP, Kazura JW.
Efficacy of single-dose diethylcarbamazine
compared with diethylcarbamazine combined with
albendazole against Wuchereria bancrofti infection
in Papua New Guinea.
Am J Trop Med Hyg 2007 Jan;76(1):62-66.
The efficacy of diethylcarbamazine alone was
compared with diethylcarbamazine plus albendazole
in residents of an island in Papua New Guinea
endemic for Wuchereria bancrofti. There was no
statistically significant difference between the two
drug regimens in decreasing the microfilaria positive
rate at 12 and 24 months after a single-dose
treatment with either regimen, eg, 50.0% clearance
of microfilaria at 24 months for diethylcarbamazine
alone versus 65.7% clearance of microfilaria for
diethylcarbamazine plus albendazole (p >0.05). In
contrast, diethylcarbamazine plus albendazole
resulted in a significant decrease in Og4C3 antigen
prevalence (17%; p = 0.003) at 24 months whereas
diethylcarbamazine did not (10%; p = 0.564). These
data showed no statistically significant difference in
the efficacy of the two drug regimens in lowering the
microfilaria reservoir, but they support the use of
diethylcarbamazine combined with albendazole in
mass treatment programs on the basis of greater
activity against adult worms.
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Bovell-Benjamin AC.
Sweet potato: a review of its past, present, and future
role in human nutrition.
Adv Food Nutr Res 2007;52:1-59.
The overall objective of this chapter is to review
the past, present, and future role of the sweet potato
(Ipomoea batatas [L.] Lam) in human nutrition.
Specifically, the chapter describes the role of the
sweet potato in human diets; outlines the
biochemical and nutritional composition of the sweet
potato with emphasis on its beta-carotene and
anthocyanin contents; highlights sweet potato
utilization, and its potential as value-added products
in human food systems; and demonstrates the
potential of the sweet potato in the African context.
Early records have indicated that the sweet potato
is a staple food source for many indigenous
populations in Central and South Americas, Ryukyu
Island, Africa, the Caribbean, the Maori people,
Hawaiians, and Papua New Guineans. Protein
contents of sweet potato leaves and roots range from
4.0% to 27.0% and 1.0% to 9.0%, respectively. The
sweet potato could be considered as an excellent
novel source of natural health-promoting
compounds, such as beta-carotene and
anthocyanins, for the functional food market. Also,
the high concentration of anthocyanin and betacarotene in sweet potato, combined with the high
stability of the color extract make it a promising and
healthier alternative to synthetic coloring agents in
food systems. Starch and flour processing from
sweet potato can create new economic and
employment activities for farmers and rural
households, and can add nutritional value to food
systems. Repositioning sweet potato production and
its potential for value-added products will contribute
substantially to utilizing its benefits and many uses
in human food systems. Multidisciplinary, integrated
research and development activities aimed at
improving production, storage, postharvest and
processing technologies, and quality of the sweet
potato and its potential value-added products are
critical issues, which should be addressed globally.

assays (concordance, 82.2%). For P. falciparum
infections where the assay for each gene was
positive, 2 samples carried resistance alleles for all
three genes, 299 carried resistance alleles for dhfr
and pfcrt, 131 carried resistance alleles for only one
gene (dhfr [n = 40], dhps [n = 1], or pfcrt [n = 90]),
and 21 carried only sensitive alleles at all three
genes. Mixed-strain infections characterized 100
samples. Overall, 95.4% (432/453) of P. falciparuminfected samples carried at least one allele
associated with resistance to Fansidar or
chloroquine. In view of the fact that 86.3% (391/
453) of P. falciparum-infected samples carried pfcrt
mutations, chloroquine is largely ineffective against
P. falciparum in Papua New Guinea. Surveillance
of additional dhfr and dhps polymorphisms in order
to monitor the continued effectiveness of Fansidar
is recommended.

Carnevale EP, Kouri D, DaRe JT, McNamara DT,
Mueller I, Zimmerman PA.
A multiplex ligase detection reaction-fluorescent
microsphere assay for simultaneous detection of
single nucleotide polymorphisms associated with
Plasmodium falciparum drug resistance.
J Clin Microbiol 2007 Mar;45(3):752-761. Epub 2006
Nov 22.
Incomplete malaria control efforts have resulted
in a worldwide increase in resistance to drugs used
to treat the disease. A complex array of mutations
underlying antimalarial drug resistance complicates
efficient monitoring of parasite populations and limits
the success of malaria control efforts in regions of
endemicity. To improve the surveillance of
Plasmodium falciparum drug resistance, we
developed a multiplex ligase detection reactionfluorescent-microsphere-based assay (LDR-FMA)
that identifies single nucleotide polymorphisms
(SNPs) in the P. falciparum dhfr (9 alleles), dhps (10
alleles), and pfcrt (3 alleles) genes associated with
resistance to Fansidar and chloroquine. We
evaluated 1,121 blood samples from study
participants in the Wosera region of Papua New
Guinea, where malaria is endemic. Results showed
that 468 samples were P. falciparum negative and
453 samples were P. falciparum positive by a
Plasmodium species assay and all three gene
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7

Cox M.
Extreme patterns of variance in small populations:
placing limits on human Y-chromosome diversity
through time in the Vanuatu Archipelago.
Ann Hum Genet 2007 May;71(Pt 3):390-406. Epub
2006 Nov 28.
Small populations are dominated by unique
patterns of variance, largely characterized by rapid
drift of allele frequencies. Although the variance
components of genetic datasets have long been
recognized, most population genetic studies still treat
all sampling locations equally despite differences in
sampling and effective population sizes. Because
excluding the effects of variance can lead to
significant biases in historical reconstruction,
variance components should be incorporated
explicitly into population genetic analyses. The
possible magnitude of variance effects in small
populations is illustrated here via a case study of Ychromosome haplogroup diversity in the Vanuatu
Archipelago. Deme-based modelling is used to
simulate allele frequencies through time, and
conservative confidence bounds are placed on the
accumulation of stochastic variance effects, including
diachronic genetic drift and contemporary sampling
error. When the information content of the dataset
has been ascertained, demographic models with
parameters falling outside the confidence bounds
of the variance components can then be accepted
with some statistical confidence. Here I emphasize
how aspects of the demographic history of a
population can be disentangled from stochastic
variance effects, and I illustrate the extreme roles of
genetic drift and sampling error for many small
human population datasets.

8

Dai J, Liu Y, Zhou YD, Nagle DG.
Hypoxia-selective
antitumor
agents:
norsesterterpene peroxides from the marine sponge
Diacarnus levii preferentially suppress the growth
of tumor cells under hypoxic conditions.
J Nat Prod 2007 Jan;70(1):130-133.
As part of an ongoing research program to
discover natural products that suppress the hypoxiaactivated tumor survival pathways, the lipid extract
of the Papua New Guinea marine sponge Diacarnus
levii was found to suppress hypoxia-induced HIF-1
activation and hypoxic tumor cell survival. Bioassayguided isolation of D. levii yielded four new
norsesterterpene peroxides, diacarnoxides A - D.
Diacarnoxide B exhibits a significantly enhanced
ability to suppress the growth of tumor cells under
hypoxic conditions.
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Dambacher JM, Brewer DT, Dennis DM,
Macintyre M, Foale S.
Qualitative modelling of gold mine impacts on Lihir
Island’s socioeconomic system and reef-edge fish
community.
Environ Sci Technol 2007 Jan 15;41(2):555-562.
Inhabitants of Lihir Island, Papua New Guinea,
have traditionally relied on reef fishing and rotational
farming of slash-burn forest plots for a subsistence
diet. However, a new gold mine has introduced a
cash economy to the island’s socioeconomic system
and impacted the fringing coral reef through
sedimentation from the near-shore dumping of mine
wastes. Studies of the Lihirian people have
documented changes in population size, local
customs, health, education, and land use; studies
of the reef have documented impacts to fish
populations in mine affected sites. Indirect effects
from these impacts are complex and indecipherable
when viewed only from isolated studies. Here, we
use qualitative modelling to synthesize the social
and biological research programs in order to
understand the interaction of the human and
ecological systems. Initial modelling results appear
to be consistent with differences in fish and
macroalgae populations in sites with and without
coral degradation due to sedimentation. A greater
cash flow from mine expansion is predicted to
increase the human population, the intensity of the
artisanal fishery, and the rate of sewage production
and land clearing. Modelling results are being used
to guide ongoing research projects, such as
monitoring fish populations and artisanal catch and
patterns and intensity of land clearing.

CQR had spread throughout malaria-endemic
regions of PNG. Apparent localized diversification
of pfcrt haplotypes at each site was also observed
among samples collected after 1995, where minor
CQR-associated haplotypes were found to be unique
to each site. CONCLUSION: In this study, a higher
level of diversity at MS loci within the pfcrt gene was
observed when compared with the level of diversity
at pfcrt flanking MS. While pfcrt (K76T) and its
immediate flanking region indicate homogenisation
in PNG CQR parasite populations, pfcrt intronic MS
variation provides evidence that the locus is still
evolving. Further studies are needed to determine
whether these intronic MS introduce the underlying
genetic mechanisms that may generate pfcrt allelic
diversity.
11 Defay R, Jaussent I, Lacroux A, Fontbonne A.
Relationships between glycaemic abnormalities,
obesity and insulin resistance in nondiabetic
Polynesians of New Caledonia.
Int J Obes (Lond) 2007 Jan;31(1):109-113. Epub
2006 May 16.
OBJECTIVE: Polynesians in New Caledonia
have an increased risk for developing diabetes,
compared to Melanesians or Europeans. They are
also more prone to obesity. The aim of this study
was to analyse differences in the pre-diabetic state
that may explain the varying susceptibility to diabetes
between these three ethnic groups, focusing on the
balance between insulin resistance and capacity of
pancreatic cells to secrete insulin. DESIGN AND
SUBJECTS: The CALDIA Study is a populationbased cross-sectional survey of diabetes prevalence
conducted in New Caledonia. All participants who
did not have diabetes, according to the results of a
0-2 h oral glucose tolerance test (n = 392), were
selected for analysis. RESULTS: Compared to
Europeans, Polynesians and Melanesians had
significantly higher body mass indices (BMI) and
waist-to-hip ratios (WHRs). Polynesians had higher
fasting plasma glucose values than Europeans or
Melanesians (6.03 mmol/l, vs 5.78 and 5.46,
respectively; p<0.0001). Fasting plasma insulin level
and the estimate of insulin resistance by
homeostasis model assessment were not
significantly different between the three ethnic
groups. Homeostasis model assessment estimate
of beta-cell secretory capacity was lower in
Polynesians compared to the two other ethnic groups
(83.1 mU/mmol, vs 119.3 and 125.2, respectively; p
<0.02). CONCLUSION: Despite a high prevalence
of central obesity, as judged by high BMI and WHR,
in Polynesians of New Caledonia, their high risk of
diabetes may be more strongly related to a defect in
insulin secretion capacity than to insulin resistance.

10 DaRe JT, Mehlotra RK, Michon P, Mueller I,
Reeder J, Sharma YD, Stoneking M, Zimmerman
PA.
Microsatellite polymorphism within pfcrt provides
evidence of continuing evolution of chloroquineresistant alleles in Papua New Guinea.
Malar J 2007 Mar 21;6:34.
BACKGROUND: Polymorphism in the pfcrt gene
underlies Plasmodium falciparum chloroquine
resistance (CQR), as sensitive strains consistently
carry lysine (K), while CQR strains carry threonine
(T) at the codon 76. Previous studies have shown
that microsatellite (MS) haplotype variation can be
used to study the evolution of CQR polymorphism
and to characterize intra- and inter-population
dispersal of CQR in Papua New Guinea (PNG).
METHODS: Here, following identification of new
polymorphic MS in introns 2 and 3 within the pfcrt
gene (msint2 and msint3, respectively), locus-bylocus and haplotype heterozygosity (H) analyses
were performed to determine the distribution of this
intronic polymorphism among pfcrt chloroquinesensitive and CQR alleles. RESULTS: For MS
flanking the pfcrt CQR allele, H ranged from 0.07
(B5M77, -18 kb) to 0.094 (9B12, +2 kb) suggesting
that CQ selection pressure was responsible for
strong homogenisation of this gene locus. In a
survey of 206 pfcrt-SVMNT allele-containing field
samples from malaria-endemic regions of PNG, H
for msint2 was 0.201. This observation suggests
that pfcrt msint2 exhibits a higher level of diversity
than what is expected from the analyses of pfcrt
flanking MS. Further analyses showed that one of
the three haplotypes present in the early 1980’s
samples has become the predominant haplotype
(frequency = 0.901) in CQR parasite populations
collected after 1995 from three PNG sites, when

12 Dubey SP, Larawin V.
Complications of chronic suppurative otitis media
and their management.
Laryngoscope 2007 Feb;117(2):264-267.
OBJECTIVE: The objective of this is to determine
the incidence of otogenic complications of chronic
suppurative otitis media (CSOM) and its
management. STUDY DESIGN: The authors
conducted a retrospective study. METHODS: The
study was conducted at the tertiary referral and
teaching hospital. An analysis was made about the
clinical and operative findings, surgical techniques
and approaches, the overall management and
recovery of the patients. The data were then
compared with the relevant and available literature.
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RESULTS: Of the 70 cases, 47 (67%) had a single
complication, of which eight (11%) had intracranial
and 39 (56%) had extracranial complications.
Twenty-three (33%) had two or more complications.
The commonly encountered intracranial
complications were otitic meningitis, lateral sinus
thrombosis, and cerebellar abscess, which were
seen in 13 (19%), 10 (14%), and 6 (9%) cases,
respectively. Among the extracranial complications,
mastoid abscess, postauricular fistula, and facial
palsy were encountered in 26 (37%), 17 (24%) and
10 (14%) patients, respectively. Surgeries were the
main mode of treatment for these conditions.
According to severity, we found four different types
of the lateral sinus involvement. Three patients with
otitic facial palsy failed to regain full facial function
despite surgery. A total of nine patients with the
diagnosis of otitic meningitis, lateral sinus thrombosis
and interhemispheric abscess expired. It constituted
the mortality rate of 13% in our study.
CONCLUSION: CSOM complications, despite its
reduced incidence, still pose a great challenge in
developing countries as the disease presents in the
advanced stage leading to difficulty in management
and consequently higher morbidity and mortality.

rich anopheline complex.
Mol Phylogenet Evol 2007 Apr;43(1):283-297. Epub
2006 Oct 17.
The Australasian Annulipes Complex is the most
species-rich among Anopheles mosquitoes, with at
least 15 sibling species suspected. Members of this
complex are the most likely vectors of malaria in the
past in southern Australia and are involved in the
spread of myxomatosis among rabbits. In this, the
first comprehensive molecular study of the Annulipes
Complex, 23 ITS2 rDNA variants were detected from
collections throughout Australia and Papua New
Guinea, including diagnostic variants for the
previously identified An. annulipes species A-G.
Specimens of each ITS2 variant were sequenced
for portions of the mitochondrial COI, COII and
nuclear EF-1alpha genes. Partitioned Bayesian and
Maximum Parsimony analyses confirmed the
monophyly of the Annulipes Complex and revealed
at least 17 clades that we designate species A-Q.
These species belong to two major clades, one in
the north and one mainly in the south, suggesting
that climate was a driver of species radiation. We
found that 65% (11) of the 17 sibling species
recorded here had unique COI sequences,
suggesting that DNA barcoding will be useful for
diagnosing species within the Annulipes Complex.
A comparison of the taxa revealed morphological
characters that may be diagnostic for some species.
Our results substantially increase the size of the
subgenus Cellia in Australasia, and will assist
species-level studies of the Annulipes Complex.

13 Flück C, Schöpflin S, Smith T, Genton B, Alpers
MP, Beck HP, Felger I.
Effect of the malaria vaccine Combination B on
merozoite surface antigen 2 diversity.
Infect Genet Evol 2007 Jan;7(1):44-51. Epub 2006
May 2.
Extensive genetic polymorphism is generally
found in Plasmodium falciparum surface antigens.
This poses a considerable obstacle to the
development of a malaria vaccine. In order to assess
possible effects of a polymorphic vaccine, we have
analyzed the genetic diversity of parasites collected
in the course of a phase 2b field trial of the blood
stage vaccine Combination B in Papua New Guinea.
The full-length 3D7 allele of the merozoite surface
protein 2 (MSP2) was included in Combination B as
one of three subunits. Vaccinees had a lower
prevalence of parasites carrying a 3D7-type allele
(corresponding to that in the vaccine) and selection
appeared to favour the alternative FC27-type alleles
resulting in a higher incidence of morbid episodes
associated with FC27-type parasites. We
sequenced MSP2 alleles detected in study
participants after vaccination to identify breakthrough
genotypes. Extensive genetic diversity of MSP2 was
observed in both the repetitive and family-specific
domains, but alleles occurring in vaccine recipients
were no different from those found in placebo
recipients. A phylogenetic analysis showed no
clustering of 3D7-type breakthrough infections from
vaccine recipients. The repeat unit present in the
vaccine molecule occurred in a number of alleles
from the trial area and was also observed in
vaccinated individuals. Thus the anti-repeat immune
response did not lead to elimination of parasites
carrying the same repeat unit. We conclude that the
conserved epitopes in the family-specific domain
were the most important determinants of the vaccine
effect against new 3D7-type infections and that the
hypervariable domains were not subject to selective
effects of the vaccine.

15 Friedlaender JS, Friedlaender FR, Hodgson JA,
Stoltz M, Koki G, Horvat G, Zhadanov S, Schurr
TG, Merriwether DA.
Melanesian mtDNA complexity.
PLoS ONE 2007 Feb 28;2:e248.
Melanesian populations are known for their
diversity, but it has been hard to grasp the pattern of
the variation or its underlying dynamic. Using 1,223
mitochondrial DNA (mtDNA) sequences from
hypervariable regions 1 and 2 (HVR1 and HVR2)
from 32 populations, we found the among-group
variation is structured by island, island size, and also
by language affiliation. The more isolated inland
Papuan-speaking groups on the largest islands have
the greatest distinctions, while shore dwelling
populations are considerably less diverse (at the
same time, within-group haplotype diversity is less
in the most isolated groups). Persistent differences
between shore and inland groups in effective
population sizes and marital migration rates probably
cause these differences. We also add 16 whole
sequences to the Melanesian mtDNA phylogenies.
We identify the likely origins of a number of the
haplogroups and ancient branches in specific
islands, point to some ancient mtDNA connections
between Near Oceania and Australia, and show
additional Holocene connections between Island
Southeast Asia/Taiwan and Island Melanesia with
branches of haplogroup E. Coalescence estimates
based on synonymous transitions in the coding
region suggest an initial settlement and expansion
in the region at approximately 30-50,000 years before
present (YBP), and a second important expansion
from Island Southeast Asia/Taiwan during the interval
approximately 3,500-8,000 YBP. However, there are
some important variance components in molecular
dating that have been overlooked, and the specific
nature of ancestral (maternal) Austronesian influence
in this region remains unresolved.

14 Foley DH, Wilkerson RC, Cooper RD, Volovsek
ME, Bryan JH.
A molecular phylogeny of Anopheles annulipes
(Diptera: Culicidae) sensu lato: the most species-
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16 Frostegård J, Tao W, Georgiades A, Råstam L,
Lindblad U, Lindeberg S.
Atheroprotective natural anti-phosphorylcholine
antibodies of IgM subclass are decreased in Swedish
controls as compared to non-westernized individuals
from New Guinea.
Nutr Metab (Lond) 2007 Mar 20;4:7.
OBJECTIVE: To determine the importance of
IgM antibodies against phosphorylcholine (aPC), a
novel protective factor for cardiovascular disease
(CVD), in a population with a non-western lifestyle
as compared with a Swedish control group.
METHODS AND RESULTS: Risk factors for
cardiovascular disease were determined in a group
of 108 individuals aged 40-86 years from New
Guinea and 108 age- and sex-matched individuals
from a population-based study in Sweden.
Antibodies were tested by ELISA. aPC IgM levels
were significantly higher among New Guineans than
among Swedish controls (p <0.0001). This
difference remained significant among both men and
women when controlled for LDL and blood pressure
which were lower and smoking which was more
prevalent in New Guineans as compared to Swedish
controls (p < 0.0001). aPC IgM was significantly
and negatively associated with age and systolic
blood pressure among Swedish controls and with
waist circumference among New Guineans. aPC
IgM levels were significantly higher among women
than men in both groups. The proportion of the
saturated fatty acid (FA) myristic acid in serum
cholesterol esters was negatively but
polyunsaturated eicosapentaenoic acid and also
lipoprotein (a) were positively associated with aPC
IgM levels. CONCLUSION: IgM-antibodies against
PC, which have atheroprotective properties, are
higher in a population from Kitava, New Guinea with
a traditional lifestyle, than in Swedish controls, and
higher among women than men in both populations
tested. Such antibodies could contribute to the low
incidence of cardiovascular disease reported from
Kitava and could also provide an explanation as to
why women have a later onset of CVD than men.

(p = 0.6). For the sample, cataract surgical coverage
at 6/60 was 34.5% for eyes and 45.3% for persons.
The cataract surgical rate for Papua New Guinea
was less than 500 per million population per year.
The age-gender-adjusted prevalence of those having
had cataract surgery was 8.3% (95% CI: 6.6, 9.8,
deff = 1.3). Vision outcomes of surgery did not meet
World Health Organization guidelines. Lack of
awareness was the most common reason for not
seeking and undergoing surgery. CONCLUSION:
Increasing the quantity and quality of cataract surgery
need to be priorities for Papua New Guinea eye care
services.
18 Genton B, Mueller I, Betuela I, Casey G, Ginny M,
Alpers MP, Reeder JC.
Rifampicin/cotrimoxazole/isoniazid
versus
mefloquine or quinine + sulfadoxine-pyrimethamine
for malaria: a randomized trial.
PLoS Clin Trials 2006 Dec 22;1(8):e38.
OBJECTIVES: Previous studies of a fixed
combination including cotrimoxazole, rifampicin, and
isoniazid (Cotrifazid) showed efficacy against
resistant strains of Plasmodium falciparum in animal
models and in small-scale human studies. We
conducted a multicentric noninferiority trial to assess
the safety and efficacy of Cotrifazid against drugresistant malaria in Papua New Guinea. DESIGN:
The trial design was open-label, block-randomised,
comparative, and multicentric. SETTING: The trial
was conducted in four primary care health facilities,
two in urban and two in rural areas of Madang and
East Sepik Province, Papua New Guinea.
PARTICIPANTS: Patients of all ages with recurrent
uncomplicated
malaria
were
included.
INTERVENTIONS: Patients were randomly
assigned to receive Cotrifazid, mefloquine, or the
standard treatment of quinine with sulfadoxinepyrimethamine (SP). OUTCOME MEASURES:
Incidence of clinical and laboratory adverse events
and rate of clinical and/or parasitological failure at
day 14 were recorded. RESULTS: The safety
analysis population included 123 patients assigned
to Cotrifazid, 123 to mefloquine, and 123 to quinine
+ SP. The Cotrifazid group experienced lower overall
incidence of adverse events than the other groups.
Among the efficacy analysis population (72
Cotrifazid, 71 mefloquine, and 75 quinine + SP),
clinical failure rate (symptoms and parasite load) on
day 14 was equivalent for the three groups (0% for
Cotrifazid and mefloquine; 1% for quinine + SP), but
parasitological failure rate (P. falciparum asexual
blood-stage) was higher for Cotrifazid than for
mefloquine or quinine + SP (9% [PCR corrected 8%]
versus 0% and 3%, respectively [p = 0.02]).
CONCLUSION: Despite what appears to be shortterm clinical equivalence, the notable parasitological
failure at day 14 in both P. falciparum and P. vivax
makes Cotrifazid in its current formulation and
regimen a poor alternative combination therapy for
malaria.

17 Garap JN, Sheeladevi S, Brian G, Shamanna B,
Nirmalan PK, Williams C.
Cataract and its surgery in Papua New Guinea.
Clin Experiment Ophthalmol 2006 Dec;34(9):880885.
PURPOSE: To determine the prevalence of
visually significant cataract, unoperated blinding
cataract, and cataract surgery for those aged 50
years and over in Papua New Guinea. Also, to
determine the characteristics, rate, coverage and
outcome of cataract surgery, and barriers to its
uptake. METHODS: Using the World Health
Organization Rapid Assessment of Cataract Surgical
Services protocol, a population-based crosssectional survey was conducted in 2005. By twostage cluster random sampling, 39 clusters of 30
people were selected. Each eye with a presenting
visual acuity worse than 6/18 and/or a history of
cataract surgery was examined. RESULTS: Of the
1191 people enumerated, 98.6% were examined.
The 50 years and older age-gender-adjusted
prevalence of cataract-induced vision impairment
(presenting acuity less than 6/18 in the better eye)
was 7.4% (95% confidence interval [CI]: 6.4, 10.2,
design effect [deff] = 1.3). That for cataract-caused
functional blindness (presenting acuity less than 6/
60 in the better eye) was 6.4% (95% CI: 5.1, 7.3,
deff = 1.1). The latter was not associated with gender

19 Griffith KS, Lewis LS, Mali S, Parise ME.
Treatment of malaria in the United States: a
systematic review.
JAMA 2007 May 23;297(20):2264-2277.
CONTEXT: Many US clinicians and laboratory
personnel are unfamiliar with the diagnosis and
treatment of malaria. OBJECTIVES: To examine
the evidence base for management of
uncomplicated and severe malaria and to provide
clinicians with practical recommendations for the
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diagnosis and treatment of malaria in the United
States. EVIDENCE ACQUISITION: Systematic
MEDLINE search from 1966 to 2006 using the
search term malaria (with the subheadings
congenital, diagnosis, drug therapy, epidemiology,
and therapy). Additional references were obtained
from searching the bibliographies of pertinent articles
and by reviewing articles suggested by experts in
the treatment of malaria in North America.
EVIDENCE SYNTHESIS: Important measures to
reduce morbidity and mortality from malaria in the
United States include the following: obtaining a travel
history, considering malaria in the differential
diagnosis of fever based on the travel history, and
prompt and accurate diagnosis and treatment.
Chloroquine remains the treatment of choice for
Plasmodium falciparum acquired in areas without
chloroquine-resistant strains. In areas with
chloroquine resistance, a combination of atovaquone
and proguanil or quinine plus tetracycline or
doxycycline or clindamycin are the best treatment
options. Chloroquine remains the treatment of
choice for all other malaria species, with the
exception of P. vivax acquired in Indonesia or Papua
New Guinea, in which case atovaquone-proguanil
is best, with mefloquine or quinine plus tetracycline
or doxycycline as alternatives. Quinidine is currently
the recommended treatment for severe malaria in
the United States because the artemisinins are not
yet available. Severe malaria occurs when a patient
with asexual malaria parasitemia, and no other
confirmed cause of symptoms, has 1 or more
designated clinical or laboratory findings. The only
adjunctive measure recommended in severe malaria
is exchange transfusion. CONCLUSIONS: Malaria
remains a diagnostic and treatment challenge for
US clinicians as increasing numbers of persons
travel to and emigrate from malarious areas. A
strong evidence base exists to help clinicians rapidly
initiate appropriate therapy and minimize the major
mortality and morbidity burdens caused by this
disease.

these findings for ecosystem conservation and
sustainability of agriculture in New Guinea are
discussed.
21 Haddow LJ, Sullivan EA, Taylor J, Abel M,
Cunningham AL, Tabrizi S, Mindel A.
Herpes simplex virus type 2 (HSV-2) infection in
women attending an antenatal clinic in the South
Pacific island nation of Vanuatu.
Sex Transm Dis 2007 May;34(5):258-261.
OBJECTIVE: The objective of this study was to
estimate the prevalence and correlates of herpes
simplex virus type 2 infection in women in an
antenatal clinic in the South Pacific island nation of
Vanuatu. STUDY DESIGN: A prevalence survey of
sexually transmitted infections of pregnant women
attending an antenatal clinic at Vila Central Hospital
was conducted in 1999-2000. Serum samples were
tested for HSV-1 and HSV-2 antibodies by enzymelinked immunosorbent assay. Results for other
sexually transmitted infections and demographic and
obstetric variables were analyzed for their
association with HSV-2 serostatus. RESULTS: HSV2 serum antibody results were obtained on 535
women and HSV-1 results on 134. The
seroprevalence of HSV-2 was 30% and HSV-1 was
100%. On multivariate analysis, the independent
predictors of HSV-2 infection were age, marital
status, and trichomoniasis. CONCLUSIONS: HSV2 was common in this sample of sexually active
women in Vanuatu. This is the first study of HSV in
Vanuatu and one of very few studies in the Pacific
region.
22 Hasugian AR, Purba HL, Kenangalem E, Wuwung
RM, Ebsworth EP, Maristela R, Penttinen PM,
Laihad F, Anstey NM, Tjitra E, Price RN.
Dihydroartemisinin-piperaquine versus artesunateamodiaquine: superior efficacy and posttreatment
prophylaxis against multidrug-resistant Plasmodium
falciparum and Plasmodium vivax malaria.
Clin Infect Dis 2007 Apr 15;44(8):1067-1074. Epub
2007 Mar 5.
BACKGROUND: Antimalarial drug resistance is
now well established in both Plasmodium falciparum
and Plasmodium vivax. In southern Papua,
Indonesia, where both strains of plasmodia coexist,
we have been conducting a series of studies to
optimize treatment strategies. METHODS: We
conducted a randomized trial that compared the
efficacy and safety of dihydroartemisinin-piperaquine
(DHP) with artesunate-amodiaquine (AAQ). The
primary end point was the overall cumulative
parasitological failure rate at day 42. RESULTS: Of
the 334 patients in the evaluable patient population,
185 were infected with P. falciparum, 80 were
infected with P. vivax, and 69 were infected with both
species. The overall parasitological failure rate at
day 42 was 45% (95% confidence interval [CI], 36%53%) for AAQ and 13% (95% CI, 7.2%-19%) for DHP
(hazard ratio [HR], 4.3; 95% CI, 2.5-7.2; p<.001).
Rates of both recrudescence of P. falciparum
infection and recurrence of P. vivax infection were
significantly higher after receipt of AAQ than after
receipt of DHP (HR, 3.4 [95% CI, 1.2-9.4] and 4.3
[95% CI, 2.2-8.2], respectively; p <.001). By the
end of the study, AAQ recipients were 2.95-fold (95%
CI, 1.2- to 4.9-fold) more likely to be anemic and
14.5-fold (95% CI, 3.4- to 61-fold) more likely to have
carried P. vivax gametocytes. CONCLUSIONS:
DHP was more effective and better tolerated than
AAQ against multidrug-resistant P. falciparum and

20 Haberle SG.
Prehistoric human impact on rainforest biodiversity
in highland New Guinea.
Philos Trans R Soc Lond B Biol Sci 2007 Feb
28;362(1478):219-228.
In the highlands of New Guinea, the development
of agriculture as an indigenous innovation during the
Early Holocene is considered to have resulted in
rapid loss of forest cover, a decrease in forest
biodiversity and increased land degradation over
thousands of years. But how important is human
activity in shaping the diversity of vegetation
communities over millennial time-scales? An
evaluation of the change in biodiversity of forest
habitats through the Late Glacial transition to the
present in five palaeoecological sites from highland
valleys, where intensive agriculture is practised
today, is presented. A detailed analysis of the longest
and most continuous record from Papua New Guinea
is also presented using available biodiversity indices
(palynological richness and biodiversity indicator
taxa) as a means of identifying changes in diversity.
The analysis shows that the collapse of key forest
habitats in the highland valleys is evident during the
Mid - Late Holocene. These changes are best
explained by the adoption of new land management
practices and altered disturbance regimes
associated with agricultural activity, though climate
change may also play a role. The implications of
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P. vivax infections. The prolonged therapeutic effect
of piperaquine delayed the time to P. falciparum
reinfection, decreased the rate of recurrence of P.
vivax infection, and reduced the risk of P. vivax
gametocyte carriage and anemia.

artemisinin-derived suppositories may potentially
reduce malaria-related childhood mortality. However,
their sociocultural acceptability is unknown in Papua
New Guinea and a formal examination of caregiver’s
attitudes to rectal administration was needed to
inform effective deployment strategies. Caregivers
(n = 131) of children with uncomplicated malaria were
questioned on their prior experience with, and
attitudes to, rectal administration and then offered
artesunate suppositories as treatment of their child.
The 29% who refused this alternative were further
questioned to determine their reasons for this refusal.
Lack of spousal approval and fear of side effects
were the most common reasons for refusal. Sixtysix percent of caregivers agreed to self-administer
suppositories, which were perceived as effective
(99%), safe (96%), and fast-acting (91%), but
problematic to administer to a struggling child (56%).
Shame, embarrassment, and hygiene were not
significant concerns. Acceptability of rectal
administration should be relatively high in Papua
New Guinea. However, deployment must be
accompanied by health education that addresses
the practical aspects of administration, is appropriate
for the illiterate, and is directed at fathers as well as
mothers.

23 Hemmerter S, Slapeta J, van den Hurk AF, Cooper
RD, Whelan PI, Russell RC, Johansen CA, Beebe
NW.
A curious coincidence: mosquito biodiversity and the
limits of the Japanese encephalitis virus in
Australasia.
BMC Evol Biol 2007 Jun 29;7(1):100 [Epub ahead
of print]
BACKGROUND: The mosquito Culex
annulirostris Skuse (Diptera: Culicidae) is the major
vector of endemic arboviruses in Australia and is
also responsible for the establishment of the
Japanese encephalitis virus (JEV) in southern Papua
New Guinea (PNG) as well as its incursions into
northern Australia. Papua New Guinea and mainland
Australia are separated by a small stretch of water,
the Torres Strait, and its islands. While there has
been regular JEV activity on these islands, JEV has
not established on mainland Australia despite an
abundance of Cx. annulirostris and porcine
amplifying hosts. Despite the public health
significance of this mosquito and the fact that its
adults show overlapping morphology with close
relative Cx. palpalis Taylor, its evolution and genetic
structure remain undetermined. We address a
hypothesis that there is significant genetic diversity
in Cx. annulirostris and that the identification of this
diversity will shed light on the paradox that JEV can
cycle on an island 70 km from mainland Australia
while not establishing in Australia itself. RESULTS:
We sequenced 538 bp of the mitochondrial DNA
cytochrome oxidase I gene from 273 individuals
collected from 43 localities in Australia and the
southwest Pacific region to describe the
phylogeography of Cx. annulirostris and its sister
species Cx. palpalis. Maximum Likelihood and
Bayesian analyses reveal supporting evidence for
multiple divergent lineages that display geographic
restriction. Culex palpalis contained three divergent
lineages geographically restricted to southern
Australia, northern Australia and Papua New Guinea
(PNG). Culex annulirostris contained five
geographically restricted divergent lineages, with one
lineage restricted to the Solomon Islands and two
identified mainly within Australia while two other
lineages showed distributions in PNG and the Torres
Strait Islands with a southern limit at the top of
Australia’s Cape York Peninsula. CONCLUSION:
The existence of divergent mitochondrial lineages
within Cx. annulirostris and Cx. palpalis helps explain
the difficulty of using adult morphology to identify
Cx. annulirostris and its ecological diversity. Notably,
the southern limit of the PNG lineages of Cx.
annulirostris coincides exactly with the current
southern limit of JEV activity in Australasia
suggesting that variation in these COI lineages may
be the key to why JEV has not established yet on
mainland Australia.

25 Hudjashov G, Kivisild T, Underhill PA, Endicott
P, Sanchez JJ, Lin AA, Shen P, Oefner P, Renfrew
C, Villems R, Forster P.
Revealing the prehistoric settlement of Australia by
Y chromosome and mtDNA analysis.
Proc Natl Acad Sci USA 2007 May 22;104(21):87268730. Epub 2007 May 11.
Published and new samples of Aboriginal
Australians and Melanesians were analyzed for
mtDNA (n=172) and Y variation (n=522), and the
resulting profiles were compared with the branches
known so far within the global mtDNA and the Y
chromosome tree. (i) All Australian lineages are
confirmed to fall within the mitochondrial founder
branches M and N and the Y chromosomal founders
C and F, which are associated with the exodus of
modern humans from Africa approximately 5070,000 years ago. The analysis reveals no evidence
for any archaic maternal or paternal lineages in
Australians, despite some suggestively robust
features in the Australian fossil record, thus
weakening the argument for continuity with any
earlier Homo erectus populations in Southeast Asia.
(ii) The tree of complete mtDNA sequences shows
that Aboriginal Australians are most closely related
to the autochthonous populations of New Guinea/
Melanesia, indicating that prehistoric Australia and
New Guinea were occupied initially by one and the
same Palaeolithic colonization event approximately
50,000 years ago, in agreement with current
archaeological evidence. (iii) The deep mtDNA and
Y chromosomal branching patterns between
Australia and most other populations around the
Indian Ocean point to a considerable isolation after
the initial arrival. (iv) We detect only minor secondary
gene flow into Australia, and this could have taken
place before the land bridge between Australia and
New Guinea was submerged approximately 8,000
years ago, thus calling into question that certain
significant developments in later Australian
prehistory (the emergence of a backed-blade lithic
industry, and the linguistic dichotomy) were externally
motivated.

24 Hinton RL, Auwun A, Pongua G, Oa O, Davis TM,
Karunajeewa HA, Reeder JC.
Caregivers’ acceptance of using artesunate
suppositories for treating childhood malaria in Papua
New Guinea.
Am J Trop Med Hyg 2007 Apr;76(4):634-640.
Community-based interventions using

26 Ichiyama T, Siba P, Suarkia D, Takasu T, Miki K,
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Kira R, Kusuhara K, Hara T, Toyama J, Furukawa
S.
Serum levels of matrix metalloproteinase-9 and
tissue inhibitors of metalloproteinases 1 in subacute
sclerosing panencephalitis.
J Neurol Sci 2007 Jan 15;252(1):45-48. Epub 2006
Nov 22.
We determined the relationship between the
serum concentrations of matrix metalloproteinase9 (MMP-9) and tissue inhibitors of
metalloproteinases 1 (TIMP-1) in 33 patients with
subacute sclerosing panencephalitis (SSPE) to
investigate the function of the blood-brain-barrier
(BBB) in SSPE. Serum MMP-9 and TIMP-1 levels
were measured by ELISA. Serum MMP-9 levels and
MMP-9/TIMP-1 ratios of SSPE patients in Papua
New Guinea (n = 24), and those in Japan (n = 9)
were significantly higher than in each control (MMP9, p = 0.0390, and p = 0.0023, respectively; MMP-9/
TIMP-1, p = 0.0319, and p = 0.0009, respectively).
Serum MMP-9 levels and MMP-9/TIMP-1 ratios of
SSPE patients with Jabbour stage III (n = 13) were
significantly higher than those with Jabbour stage II
(n = 18) (p = 0.003, and p = 0.0412, respectively).
There were no significant differences of serum TIMP1 levels between the SSPE patients and controls.
High serum MMP-9 and MMP-9/TIMP-1 levels will
promote brain invasion through the BBB by
immunocompetent cells in the blood. Our findings
suggest that the balance of serum MMP-9 and TIMP1 levels modulate the inflammatory cascade of
SSPE.

phylogenetically with the prototype MVE-1-51 from
Victoria in 1951 and isolates from northern
Queensland and PNG. Monoclonal antibody-binding
patterns were also investigated. Results showed that
the majority of isolates of MVEV from widely
disparate locations in WA were genetically and
phenotypically homogeneous. Furthermore, isolates
of MVEV from WA and northern Queensland were
almost identical, confirming results from earlier
studies. Recent isolates of MVEV from Western
Province in PNG were more similar to Australian
isolates of MVEV than to isolates from PNG in 1956
and 1966, providing further evidence for the
movement of flaviviruses between PNG and
Australia. Additional representatives of a unique
variant of MVEV (OR156) from Kununurra in the
northeast Kimberley region of WA were also
detected. This suggests that the OR156 lineage is
still intermittently active but may be restricted to a
small geographic area in northern WA, possibly due
to altered biological characteristics.
29 Kasehagen LJ, Mueller I, Kiniboro B, Bockarie
MJ, Reeder JC, Kazura JW, Kastens W,
McNamara DT, King CH, Whalen CC, Zimmerman
PA.
Reduced Plasmodium vivax erythrocyte infection in
PNG Duffy-negative heterozygotes.
PLoS ONE 2007 Mar 28;2:e336.
BACKGROUND: Erythrocyte Duffy blood group
negativity reaches fixation in African populations
where Plasmodium vivax (Pv) is uncommon. While
it is known that Duffy-negative individuals are highly
resistant to Pv erythrocyte infection, little is known
regarding Pv susceptibility among heterozygous
carriers of a Duffy-negative allele (±). Our limited
knowledge of the selective advantages or
disadvantages associated with this genotype
constrains our understanding of the effect that
interventions against Pv may have on the health of
people living in malaria-endemic regions.
METHODS AND FINDINGS: We conducted crosssectional malaria prevalence surveys in Papua New
Guinea (PNG), where we have previously identified
a new Duffy-negative allele among individuals living
in a region endemic for all four human malaria
parasite species. We evaluated infection status by
conventional blood smear light microscopy and semiquantitative PCR-based strategies. Analysis of a
longitudinal cohort constructed from our surveys
showed that Duffy heterozygous (±) individuals were
protected from Pv erythrocyte infection compared
to those homozygous for wild-type alleles (+/+) (logrank tests: LM, p = 0.049; PCR, p = 0.065).
Evaluation of Pv parasitemia, determined by semiquantitative PCR-based methods, was significantly
lower in Duffy +/- vs. +/+ individuals (Mann-Whitney
U: p = 0.023). Overall, we observed no association
between susceptibility to P. falciparum erythrocyte
infection and Duffy genotype. CONCLUSIONS: Our
findings provide the first evidence that Duffy-negative
heterozygosity reduces erythrocyte susceptibility to
Pv infection. As this reduction was not associated
with greater susceptibility to Pf malaria, our in vivo
observations provide evidence that Pv-targeted
control measures can be developed safely.

27 Imrie H, Fowkes FJ, Michon P, Tavul L, Reeder
JC, Day KP.
Low prevalence of an acute phase response in
asymptomatic children from a malaria-endemic area
of Papua New Guinea.
Am J Trop Med Hyg 2007 Feb;76(2):280-284.
Levels of C-reactive protein (CRP), a classic
marker for the acute phase response (APR), were
measured in children with asymptomatic malaria
infection in the Amele region of Papua New Guinea
(PNG). Despite the presence of parasitemia, the
prevalence of CRP levels consistent with an APR
(CRP >10 microg/mL) was very low (<10%).
Splenomegaly was significantly associated with
increased parasitemia (p <0.001) and CRP levels
(p <0.001), highlighting the importance of
splenomegaly as an indicator of recent high density
infection in this population. Multivariate analysis
showed that CRP levels were significantly associated
with splenomegaly, fever, hemoglobin, and age (p
<or = 0.002). CRP levels also increased with
increasing parasitemia (p <0.001) but remained <3.5
microg/mL. The low levels of CRP indicate that
children in the Amele modulate inflammation
associated with malaria.
28 Johansen CA, Susai V, Hall RA, Mackenzie JS,
Clark DC, May FJ, Hemmerter S, Smith DW,
Broom AK.
Genetic and phenotypic differences between isolates
of Murray Valley encephalitis virus in Western
Australia, 1972-2003.
Virus Genes 2007 Mar 29; [Epub ahead of print]
Murray Valley encephalitis virus (MVEV) is a
medically important mosquito-borne flavivirus found
in Australia and Papua New Guinea (PNG). Partial
envelope gene nucleotide sequences of 28 isolates
of MVEV from Western Australia (WA) between 1972
and 2003 were aligned and compared

30 Katavic PL, Venables DA, Rali T, Carroll AR.
Habbemines A and B, pyrrolidine alkaloids with
human delta-opioid receptor binding affinity from the
leaves
of
Elaeocarpus
habbemensis.
J Nat Prod 2007 May;70(5):866-868. Epub 2007
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Mar 28.
The first phytochemical investigation of the
Papua New Guinean plant Elaeocarpus
habbemensis resulted in the isolation of two new
pyrrolidine alkaloids, habbemines A (2) and B (3),
as a 1:1 mixture of inseparable diastereomers. The
structures of these compounds and their relative
configurations were determined by spectroscopic
means. An equimolar mixture of habbemines A and
B showed human delta-opioid receptor binding
affinity with an IC50 of 32.1 microM.

closely related to yellow fever virus and analyzed
the pattern of repeat and conserved sequence motifs
in the 3'-noncoding region among the members of
yellow fever virus cluster. We also discuss the
geographic dispersal as a part of ecological traits of
this lineage of flaviviruses.
34 Larawin V, Naipao J, Dubey SP.
Head and neck space infections.
Otolaryngol Head Neck Surg 2006 Dec;135(6):889893.
OBJECTIVE: The purpose of this study was to
evaluate the incidence, causes, management, and
complications of the different head and neck space
infections in a Melanesian population. STUDY
DESIGN AND SETTING: We conducted a
retrospective study in a tertiary referral and teaching
hospital. RESULTS: Of the total 103 patients with
deep neck space infections (DNSI), odontogenic
causes and suppurative lymphadenitis were
responsible in 62 (60%) patients. A wide range of
DNSI was encountered in our series. Ludwig’s
angina was the most commonly encountered
infection seen in 38 (37%) patients, whereas
prevertebral abscess was only seen in 1 (1%) patient.
A combination of surgical drainage and medical
treatment was the main mode of treatment. Nine
(8.7%) patients with DNSI with upper airway
obstruction underwent tracheostomy; 9 (8.7%)
patients with DNSI succumbed to their infection.
CONCLUSION: DNSI needs early detection and
aggressive management in order to evade dreaded
complications.

31 Katavic PL, Venables DA, Rali T, Carroll AR.
Indolizidine alkaloids with delta-opioid receptor
binding affinity from the leaves of Elaeocarpus
fuscoides.
J Nat Prod 2007 May;70(5):872-875. Epub 2007
Apr 24.
In the first chemical investigation of the Papua
New Guinean plant Elaeocarpus fuscoides, one new
indolizidine alkaloid, elaeocarpenine (1), and three
known alkaloids, isoelaeocarpicine (2),
isoelaeocarpine (3), and elaeocarpine (4), were
isolated from the leaves. Their structures were
determined by 1D and 2D NMR spectroscopy. Since
treatment of elaeocarpenine (1) with ammonia
produced a 1:1 mixture of the diastereomers 3 and
4, we propose that elaeocarpenine (1) is the
biogenetic precursor of isoelaeocarpine (3) and
elaeocarpine (4). Compounds 1-4 demonstrated
binding affinity for the human delta-opioid receptor
with IC50 values of 2.7, 35.1, 13.6, and 86.4 microM,
respectively.
32 Kay P, Regier T.
Color naming universals: the case of Berinmo.
Cognition 2007 Feb;102(2):289-298. Epub 2006 Feb
7.
Proponents of a self-identified ‘relativist’ view of
cross-language color naming have confounded two
questions: (1) Is color naming largely subject to local
linguistic convention? and (2) Are cross-language
color naming differences reflected in comparable
differences in color cognition by their speakers? The
‘relativist’ position holds that the correct answer to
both questions is Yes, based on data from the
Berinmo language of Papua New Guinea. It is shown
here that the Berinmo facts instead support a more
complex view — that cross-language color naming
follows non-trivial universal tendencies, while crosslanguage color-naming differences do indeed
correlate with differences in color cognition. The
rhetoric of ‘relativity’ versus ‘universalism’ impedes
understanding of cross-language color naming and
cognition.

35 Larson G, Cucchi T, Fujita M, Matisoo-Smith E,
Robins J, Anderson A, Rolett B, Spriggs M,
Dolman G, Kim TH, Thuy NT, Randi E, Doherty
M, Due RA, Bollt R, Djubiantono T, Griffin B, Intoh
M, Keane E, Kirch P, Li KT, Morwood M, Pedriña
LM, Piper PJ, Rabett RJ, Shooter P, Van den
Bergh G, West E, Wickler S, Yuan J, Cooper A,
Dobney K.
Phylogeny and ancient DNA of Sus provides insights
into neolithic expansion in Island Southeast Asia and
Oceania.
Proc Natl Acad Sci USA 2007 Mar 20;104(12):48344839. Epub 2007 Mar 14.
Human settlement of Oceania marked the
culmination of a global colonization process that
began when humans first left Africa at least 90,000
years ago. The precise origins and dispersal routes
of the Austronesian peoples and the associated
Lapita culture remain contentious, and numerous
disparate models of dispersal (based primarily on
linguistic, genetic, and archeological data) have been
proposed. Here, through the use of mtDNA from 781
modern and ancient Sus specimens, we provide
evidence for an early human-mediated translocation
of the Sulawesi warty pig (Sus celebensis) to Flores
and Timor and two later separate human-mediated
dispersals of domestic pig (Sus scrofa) through
Island Southeast Asia into Oceania. Of the later
dispersal routes, one is unequivocally associated
with the Neolithic (Lapita) and later Polynesian
migrations and links modern and archeological
Javan, Sumatran, Wallacean, and Oceanic pigs with
mainland Southeast Asian S. scrofa. Archeological
and genetic evidence shows these pigs were
certainly introduced to islands east of the Wallace
Line, including New Guinea, and that so-called ‘wild’
pigs within this region are most likely feral
descendants of domestic pigs introduced by early

33 Kuno G, Chang GJ.
Characterization of Sepik and Entebbe bat viruses
closely related to yellow fever virus.
Am J Trop Med Hyg 2006 Dec;75(6):1165-1170.
Yellow fever virus has a special place in medical
history as the first animal virus isolated and as the
prototype virus in the genus Flavivirus, which
contains many serious human pathogens. Only
recently, its closely related viruses within the group
were identified phylogenetically. In this study, we
obtained complete or near complete genome
sequences of two viruses most closely related to
yellow fever virus: Sepik virus of Papua New Guinea
and Entebbe bat virus of Africa. Based on fullgenomic characterization and genomic traits among
related viruses, we identified Sepik virus to be most
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agriculturalists. The other later pig dispersal links
mainland East Asian pigs to western Micronesia,
Taiwan, and the Philippines. These results provide
important data with which to test current models for
human dispersal in the region.

in West African, Papua New Guinean, and North
American populations.
Eur J Clin Pharmacol 2007 Jan;63(1):1-8. Epub
2006 Nov 9.
OBJECTIVE: UDP-glucuronosyltransferases
(UGTs) UGT1A9 and UGT2B7 are involved in the
metabolism of antimalarial dihydroartemisinin and
antiretroviral zidovudine. Our aim was to analyze
the prevalence of UGT1A9 (chromosome 2) and
UGT2B7 (chromosome 4) nonsynonymous single
nucleotide polymorphisms (SNPs) in West African
(WA), Papua New Guinean (PNG), and North
American (NA) populations. METHODS: Using a
post-PCR ligation detection reaction-fluorescent
microsphere assay, frequencies of UGT1A9 (8G >
A, 98T > C, 766G > A) and UGT2B7 (211G > T,
802C > T, 1192G > A) SNPs were determined in WA
(n = 133, 5 countries), PNG (n = 153), and NA (n =
350, 4 ethnic groups) individuals. RESULTS: The
UGT1A9 variant alleles were not common in the
study populations. None of the SNPs were present
in WA and PNG. Among NA, all 3 SNPs were present
(1% each) in Asian-Americans, while 98T > C was
present only in Caucasian-Americans (1%) and
Hispanic-Americans (1%). Regarding UGT2B7
SNPs, the prevalence of 802C > T was 21% in WA,
28% in PNG, and 28-52% in NA. The SNP 211G > T
was present only in Asian-Americans (9%) and
Hispanic-Americans (2%), while 1192G > A was not
present in any of the subjects. No significant linkage
was observed at UGT1A9, UGT2B7, and between
both the loci in any of the study populations.
CONCLUSIONS: Taken together, the UGT1A9UGT2B7 polymorphism profile in WA and PNG
populations is similar to African-Americans, but
different from Asian-Americans. It is important to
determine if these differences, along with previously
reported differences in cytochrome P450 2B6 allele
frequencies, are associated with altered metabolism/
effectiveness of artemisinin drugs.

36 Lavender CJ, Senanayake SN, Fyfe JA, Buntine
JA, Globan M, Stinear TP, Hayman JA, Johnson
PD.
First case of Mycobacterium ulcerans disease
(Bairnsdale or Buruli ulcer) acquired in New South
Wales.
Med J Aust 2007 Jan 15;186(2):62-63. Comment
in: Med J Aust 2007 Jan 15;186(2):55-56.
Mycobacterium ulcerans is a slow-growing
environmental bacterium that causes Buruli ulcer
(also known as Bairnsdale ulcer in Victoria and
Daintree ulcer in northern Queensland). We
describe two patients with laboratory-confirmed
Buruli ulcer who were infected either in New South
Wales or overseas. A molecular epidemiological
investigation demonstrated that, while one case was
probably acquired in Papua New Guinea, the other
was most likely to have been acquired in southern
NSW. To our knowledge, this is the first case of M.
ulcerans infection acquired in NSW.
37 Lumb R, Bastian I, Gilpin C, Jelfs P, Keehner T,
Sievers A; Australian Mycobacterium Reference
Laboratory Network.
Tuberculosis in Australia: bacteriologically confirmed
cases and drug resistance, 2005.
Commun Dis Intell 2007 Mar;31(1):80-86.
The Australian Mycobacterium Reference
Laboratory Network (AMRLN) collects and analyses
laboratory data on new cases of disease caused by
the Mycobacterium tuberculosis complex. In 2005,
a total of 810 cases were identified by bacteriology;
an annual reporting rate of 4.0 cases per 100,000
population. Isolates were identified as M.
tuberculosis (n = 806), Mycobacterium africanum (n
= 2) and Mycobacterium bovis (n = 2). Fifteen
children aged under 10 years had bacteriologicallyconfirmed tuberculosis. Results of in vitro drug
susceptibility testing were available for all 810
isolates for isoniazid (H), rifampicin (R), ethambutol
(E), and pyrazinamide (Z). A total of 74 (9.1%)
isolates of M. tuberculosis were resistant to at least
one of these anti-tuberculosis agents. Resistance
to at least H and R (defined as multi-drug resistance,
MDR) was detected in 12 (1.5%) isolates; nine were
from the respiratory tract (sputum n = 8,
bronchoscopy n = 1). Of the 74 M. tuberculosis
isolates resistant to at least one of the standard
drugs, 67 (90.5%) were from new cases, 6 from
previously treated cases, and no information was
available on the remaining case. Eight were
Australian-born, 65 were overseas-born, and the
country of birth of one was unknown. Of the 65
overseas-born persons with drug resistant disease,
41 (63.1%) were from 4 countries; Vietnam (n = 16),
Papua New Guinea (n = 10), the Philippines (n = 9),
and India (n = 6). A retrospective review of AMRLN
data on isolates collected between 2000 and 2005
found that none of 70 MDR-TB isolates met the new
definition for extensively drug resistant TB (XDR-TB,
i.e. MDR-TB with additional resistance to quinolones
and second-line injectable agents).

39 Mehlotra RK, Bockarie MJ, Zimmerman PA.
CYP2B6 983T>C polymorphism is prevalent in West
Africa but absent in Papua New Guinea: implications
for HIV/AIDS treatment.
Br J Clin Pharmacol 2007 Mar 28; [Epub ahead of
print]
What is already known about this subject:* The
novel CYP2B6 functional polymorphism 983T>C
(either alone as CYP2B6*18 or linked with 785A>G
as the CYP2B6*16 allele) was found in Africans and
African-Americans but not in Caucasians and
Asians. * The polymorphism by itself and together
with 516G>T (the key polymorphism in the most
frequent variant allele CYP2B6*6) was associated
with significantly higher mean plasma efavirenz
concentrations in the African HIV patients. * In
Papua New Guinea, the HIV/AIDS epidemic is
escalating, CYP2B6*6 is highly prevalent, and the
prevalence of 983T>C is not known. What this study
adds: * CYP2B6 983T>C is absent in the Papua
New Guinea population. * The outcome of treatment
with efavirenz may prove different in Papua New
Guineans ([CYP2B6*6 +][983T>C -]) compared with
Africans or African-Americans ([CYP2B6*6
+][983T>C +]). Aims: To determine the prevalence
of the novel CYP2B6 functional polymorphism
983T>C in Papua New Guinea where HIV/AIDS
poses a significant health problem. Method: We
genotyped Papua New Guineans (PNG, n = 174),
West Africans (WA, n = 170), and North Americans
(NA, n = 361). Results: The polymorphism was

38 Mehlotra RK, Bockarie MJ, Zimmerman PA.
Prevalence of UGT1A9 and UGT2B7
nonsynonymous single nucleotide polymorphisms
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absent in PNG, while its overall frequency was 4.7%
in WA. Among NA, the polymorphism was present
in African-Americans (7.5%) and HispanicAmericans (1.1%) but not in Caucasian-Americans
and Asian-Americans. Haplotype analysis indicated
that 983T>C was present alone as the CYP2B6*18
allele in WA and African-Americans. Conclusions:
Significant interethnic differences occur at the
CYP2B6 locus, which may influence treatment
outcomes with efavirenz.

for Southeast Asia and Africa, suggesting the spread
of this allele to Melanesia from Southeast Asia. The
other lineage had a unique, previously undescribed
microsatellite haplotype, indicative of the de novo
emergence of pyrimethamine resistance in
Melanesia.
42 Morse Z, Dravo U.
Stress levels of dental students at the Fiji School of
Medicine.
Eur J Dent Educ 2007 May;11(2):99-103.
INTRODUCTION: The Fiji School of Medicine
is the primary health care educational institution in
Fiji and possesses the only dental school in the
Pacific. The oral health programme is a multi-entry/
exit programme. The aim of this study was to
determine the perceived sources of stress and at
risk groups within the undergraduate oral health care
programmes. METHODS: A modified version of the
Dental Environment Stress questionnaire was used
to assess levels of stress for 41 items. RESULTS:
A total of 115 undergraduate students participated
(response rate = 84%). Of the respondents, 54%
were male and 46% were female; 55% were IndoFijians, 18% Indigenous-Fijians, 8% Polynesians,
7% Micronesians, whilst Melanesians and others
were each 6%. Moderate to severe stressful items
were: full loaded day, followed by criticism from
clinical supervisors in front of patients, amount of
assigned work, fear of failing a course or year,
examination and grades, financial resources, fear
of employment after graduation and fear of facing
parents after failure. Of the questionnaire items, 24%
had significant differences across year groups.
Overall, third years were most stressed followed by
fourth years, fifth years, first years and second years.
Indo-Fijians were the most stressed, followed by
Indigenous-Fijians, Polynesians, others and
Melanesians. Females were significantly more
stressed than males for 27% of items. Private feepaying students were more stressed than sponsored
students. CONCLUSION: Overall stress levels were
slight to moderate and were higher in senior years,
Indo-Fijians, females and private fee-paying
students.

40 Michon P, Cole-Tobian JL, Dabod E, Schoepflin
S, Igu J, Susapu M, Tarongka N, Zimmerman PA,
Reeder JC, Beeson JG, Schofield L, King CL,
Mueller I.
The risk of malarial infections and disease in Papua
New Guinean children.
Am J Trop Med Hyg 2007 Jun;76(6):997-1008.
In a treatment re-infection study of 206 Papua
New Guinean school children, we examined risk of
reinfection and symptomatic malaria caused by
different Plasmodium species. Although children
acquired a similar number of polymerase chain
reaction-detectable Plasmodium falciparum and P.
vivax infections in six months of active follow-up (P.
falciparum = 5.00, P. vivax = 5.28), they were 21
times more likely to develop symptomatic P.
falciparum malaria (1.17/year) than P. vivax malaria
(0.06/year). Children greater than nine years of age
had a reduced risk of acquiring P. vivax infections of
low-to-moderate (>150/microL) density (adjusted
hazard rate [AHR] = 0.65 and 0.42), whereas similar
reductions in risk with age of P. falciparum infection
was only seen for parasitemias >5,000/microL (AHR
= 0.49) and symptomatic episodes (AHR = 0.51).
Infection and symptomatic episodes with P. malariae
and P. ovale were rare. By nine years of age, children
have thus acquired almost complete clinical
immunity to P. vivax characterized by a very tight
control of parasite density, whereas the acquisition
of immunity to symptomatic P. falciparum malaria
remained incomplete. These observations suggest
that different mechanisms of immunity may be
important for protection from these malaria species.
41 Mita T, Tanabe K, Takahashi N, Tsukahara T, Eto
H, Dysoley L, Ohmae H, Kita K, Krudsood S,
Looareesuwan S, Kaneko A, Björkman A,
Kobayakawa T.
Independent evolution of pyrimethamine resistance
in Plasmodium falciparum isolates in Melanesia.
Antimicrob Agents Chemother 2007 Mar;51(3):10711077. Epub 2007 Jan 8.
Pyrimethamine resistance in Plasmodium
falciparum has previously been shown to have
emerged once in Southeast Asia, from where it
spread to Africa. Pyrimethamine resistance in this
parasite is known to be conferred by mutations in
the gene encoding dihydrofolate reductase (dhfr).
We have analyzed polymorphisms in dhfr as well as
microsatellite haplotypes flanking this gene in a total
of 285 isolates from different regions of Melanesia
(Papua New Guinea, Vanuatu, and the Solomon
Islands) and Southeast Asia (Thailand and
Cambodia). Nearly all isolates (92%) in Melanesia
were shown to carry a dhfr double mutation (CNRNI)
at positions 50, 51, 59, 108, and 164, whereas 98%
of Southeast Asian isolates were either triple (CIRNI)
or quadruple (CIRNL) mutants. Microsatellite
analysis revealed two distinct lineages of dhfr double
mutants in Melanesia. One lineage had the same
microsatellite haplotype as that previously reported

43 Mueller I, Betuela I, Ginny M, Reeder JC, Genton
B.
The sensitivity of the OptiMAL rapid diagnostic test
to the presence of Plasmodium falciparum
gametocytes compromises its ability to monitor
treatment outcomes in an area of Papua New Guinea
in which malaria is endemic.
J Clin Microbiol 2007 Feb;45(2):627-630. Epub 2006
Nov 29.
Using in vivo samples from treatment failure
malaria cases, we demonstrate the high sensitivity
of the parasite lactase dehydrogenase (pLDH)-based
OptiMAL rapid diagnostic test in the detection of P.
falciparum gametocytes. This high sensitivity limits
the use of pLDH-based tests in the monitoring of
treatment outcomes in circumstances where
gametocytemia is common.
44 Mueller I, Zimmerman PA, Reeder JC.
Plasmodium malariae and Plasmodium ovale - the
‘bashful’ malaria parasites.
Trends Parasitol 2007 Jun;23(6):278-283. Epub
2007 Apr 24.
Although Plasmodium malariae was first
described as an infectious disease of humans by
Golgi in 1886 and Plasmodium ovale identified by
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Stevens in 1922, there are still large gaps in our
knowledge of the importance of these infections as
causes of malaria in different parts of the world. They
have traditionally been thought of as mild illnesses
that are caused by rare and, in case of P. ovale,
short-lived parasites. However, recent advances in
sensitive PCR diagnosis are causing a re-evaluation
of this assumption. Low-level infection seems to be
common across malaria-endemic areas, often as
complex mixed infections. The potential interactions
of P. malariae and P. ovale with Plasmodium
falciparum and Plasmodium vivax might explain
some basic questions of malaria epidemiology, and
understanding these interactions could have an
important influence on the deployment of
interventions such as malaria vaccines.

year) on moderate to very steep slopes (10-56%).
Agricultural land use changes in logged-over areas
were in the vicinity of populated places (villages),
and in close proximity to road access. There was
considerable variation between the districts but
districts with higher population growth also had larger
increases in agricultural areas. It is concluded that
in the absence of improved farming systems the
current trend of increased agriculture with rapid
population growth is likely to continue.
47 O’Donnell A, Raiko A, Clegg JB, Weatherall DJ,
Allen SJ.
Southeast Asian ovalocytosis and pregnancy in a
malaria-endemic region of Papua New Guinea.
Am J Trop Med Hyg 2007 Apr;76(4):631-633.
The band 3 deletion for southeast Asian
ovalocytosis (SAO) occurs commonly in southeast
Asia and the western Pacific. Southeast Asian
ovalocytosis is associated with protection against
cerebral malaria in children and therefore could
reduce sequestration of erythrocytes parasitized by
Plasmodium
falciparum
in
the
brain
microvasculature. Sequestration of parasitized
erythrocytes in the placenta accounts for much of
the pathology of malaria during pregnancy.
Therefore, we investigated the effect of SAO on
malaria during pregnancy in the malariahyperendemic north coastal region of Papua New
Guinea. The frequency of SAO in 927 women
attending hospital for delivery was 8.7% (95%
confidence interval = 6.9-10.5). Markers of fertility,
the frequency of miscarriages and stillbirths,
maternal anemia, placental and peripheral malaria
at delivery, and birth weight were similar in women
with and without SAO. In summary, although we
can not exclude an interaction between SAO and
malaria during pregnancy, we found no evidence that
it provided a clinical benefit in this population.

45 Murti A, Morse Z.
Dental antibiotic prescription in Fijian adults.
Int Dent J 2007 Apr;57(2):65-70.
AIM: To identify and evaluate dentists’ knowledge
of and prescription patterns of antimicrobial drugs.
PARTICIPANTS: All 80 registered general dental
practitioners in the Republic of The Fiji Islands,
excluding academic staff at Fiji School of Medicine.
Sixty-five (81%) usable replies were received and
analysed. RESULTS: Daily prescription of antibiotics
increased with years in practice. There was a
moderate level of knowledge regarding specific
indications for antibiotic prescription both
therapeutically and prophylactically. There was a
tendency towards over-prescription with lower
dosage, broad spectrum antibiotics with amoxycillin
being the overwhelming choice. Some under
prescription was noted in certain surgical scenarios.
There was a lack of knowledge of the incidence of
adverse reactions and very poor medical history
record taking. Approximately one-third of
respondents felt antibacterial resistance is a problem
in Fiji and 40% reported experiencing some form of
antibiotic resistance in clinical practice.
CONCLUSION: Overall there was a moderate level
of correct knowledge for antibiotic prescribing of
dentists in Fiji. An improved section on oral and
dental infections including guidelines for children
should be included in the Fiji Antibiotic Guidelines
which could be distributed to all dentists.

48 Pahau D, Melengas S, Garap J, Brian G.
Monitoring cataract surgery outcomes in Papua New
Guinea.
Clin Experiment Ophthalmol 2006 Dec;34(9):900902.
49 Prescott TA, Sadler IH, Kiapranis R, Maciver SK.
Lunacridine from Lunasia amara is a DNA
intercalating topoisomerase II inhibitor.
J Ethnopharmacol 2007 Jan 19;109(2):289-294.
Epub 2006 Aug 1.
An ethnobotanical survey of plants used to treat
tropical ulcers in Papua New Guinea identified
Lunasia amara as possessing anti-Staphylococcus
aureus activity. Activity-guided fractionation of the
aqueous bark extract resulted in the identification of
the quinoline alkaloid lunacridine as the active
principle. Lunacridine tends to cyslise at room
temperature but the 2'-O-trifluoroacetyl derivative
was found to be stable and therefore more suitable
for biological assays. The compound exhibited a
minimal inhibitory concentration (MIC) of 64 microg/
ml against Staphylococcus aureus NCTC 6571 and
activity in the low micromolar range against HeLa
and H226 cells; the latter showing signs of caspase3/7 mediated apoptotic cell death. Experiments with
drug resistant strains of Streptococcus pneumoniae
suggested topoisomerase as a likely target for the
drug in bacteria whilst decatenation assays with
human topoisomerase II showed the compound to
be a potent inhibitor of this isoform (IC(50)<5 microM)
thus explaining the drug’s activity against human cell

46 Ningal T, Hartemink AE, Bregt AK.
Land use change and population growth in the
Morobe Province of Papua New Guinea between
1975 and 2000.
J Environ Manage 2007 Mar 12; [Epub ahead of
print]
The relation between human population growth
and land use change is much debated. Here we
present a case study from Papua New Guinea where
the population has increased from 2.3 million in 1975
to 5.2 million in 2000. Since 85% of the population
relies on subsistence agriculture, population growth
affects agricultural land use. We assessed land use
change in the Morobe province (33,933km2) using
topographic maps of 1975 and Landsat TM images
of 1990 and 2000. Between 1975 and 2000,
agricultural land use increased by 58% and
population grew by 99%. Most new agricultural land
was taken from primary forest and the forest area
decreased from 9.8ha per person in 1975 to 4.4ha
per person in 2000. Total population change and
total land use change were strongly correlated. Most
of the agricultural land use change occurred on
Inceptisols in areas with high rainfall (>2500mm per
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lines. Both lunacridine and 2'-O-trifluoroacetyl
lunacridine exhibited mild DNA intercalation activity
giving 50% decrease in ethidium DNA fluorescence
at 0.22 and 0.6 mM, respectively, placing the drug
amongst the DNA intercalating class of
topoisomerase II inhibitors.

FINDINGS: Of the 754 evaluable patients enrolled,
466 had infections with P. falciparum, 175 with P.
vivax, and 113 with a mixture of both species. The
overall risk of failure at day 42 was 43% (95% CI
38-48) for artemether-lumefantrine and 19% (14-23)
for dihydroartemisinin-piperaquine (hazard ratio=3.0,
95% CI 2.2-4.1, p<0.0001). After correcting for
reinfections, the risk of recrudescence of P.
falciparum was 4.4% (2.6-6.2) with no difference
between regimens. Recurrence of vivax occurred in
38% (33-44) of patients given artemetherlumefantrine compared with 10% (6.9-14.0) given
dihydroartemisinin-piperaquine (p<0.0001). At the
end of the study, patients receiving
dihydroartemisinin-piperaquine were 2.0 times (1.23.6) less likely to be anaemic and 6.6 times (2.8-16)
less likely to carry vivax gametocytes than were
those
given
artemether-lumefantrine.
INTERPRETATION: Both dihydroartemisininpiperaquine and artemether-lumefantrine were safe
and effective for the treatment of multidrug-resistant
uncomplicated
malaria.
However,
dihydroartemisinin-piperaquine provided greater
post-treatment prophylaxis than did artemetherlumefantrine, reducing P. falciparum reinfections and
P. vivax recurrences, the clinical public-health
importance of which should not be ignored.

50 Proellocks NI, Kovacevic S, Ferguson DJ, Kats
LM, Morahan BJ, Black CG, Waller KL, Coppel
RL.
Plasmodium falciparum Pf34, a novel GPI-anchored
rhoptry protein found in detergent-resistant
microdomains.
Int J Parasitol 2007 Apr 19; [Epub ahead of print]
Apicomplexan parasites are characterised by the
presence of specialised organelles, such as
rhoptries, located at the apical end of invasive forms
that play an important role in invasion of the host
cell and formation of the parasitophorous vacuole.
In this study, we have characterised a novel
Plasmodium falciparum rhoptry protein, Pf34,
encoded by a single exon gene located on
chromosome 4 and expressed as a 34kDa protein
in mature asexual stage parasites. Pf34 is expressed
later in the life cycle than the previously described
rhoptry protein, Rhoptry Associated Membrane
Antigen (RAMA). Orthologues of Pf34 are present
in other Plasmodium species and a potential
orthologue has also been identified in Toxoplasma
gondii. Indirect immunofluorescence assays show
that Pf34 is located at the merozoite apex and
localises to the rhoptry neck. Pf34, previously
demonstrated to be glycosyl-phosphatidyl-inositol
(GPI)-anchored [Gilson, P.R., Nebl, T., Vukcevic, D.,
Moritz, R.L., Sargeant, T., Speed, T.P., Schofield,
L., Crabb, B.S. (2006) Identification and
stoichiometry of GPI-anchored membrane proteins
of the human malaria parasite Plasmodium
falciparum. Mol. Cell. Proteomics 5, 1286-1299.],
is associated with parasite-derived detergentresistant microdomains (DRMs). Pf34 is carried into
the newly invaded ring, consistent with a role for Pf34
in the formation of the parasitophorous vacuole. Pf34
is exposed to the human immune system during
infection and is recognised by human immune sera
collected from residents of malaria endemic areas
of Vietnam and Papua New Guinea.

52 Ratcliff A, Siswantoro H, Kenangalem E,
Wuwung M, Brockman A, Edstein MD, Laihad F,
Ebsworth EP, Anstey NM, Tjitra E, Price RN.
Therapeutic response of multidrug-resistant
Plasmodium falciparum and P. vivax to chloroquine
and sulfadoxine-pyrimethamine in southern Papua,
Indonesia.
Trans R Soc Trop Med Hyg 2007 Apr;101(4):351359. Epub 2006 Oct 9.
To determine the level of antimalarial drug
resistance in southern Papua, Indonesia, we
assessed the therapeutic efficacy of chloroquine plus
sulfadoxine-pyrimethamine (CQ+SP) for
Plasmodium falciparum infections as well as CQ
monotherapy for P. vivax infections. Patients with
P. falciparum failing therapy were re-treated with
unsupervised quinine+/-doxycycline therapy and
those with P. vivax with either unsupervised quinine+/
-doxycycline or amodiaquine. In total, 143 patients
were enrolled in the study (103 treated with CQ+SP
and 40 with CQ). Early treatment failures occurred
in four patients (4%) with P. falciparum and six
patients (15%) with P. vivax. The failure rate by Day
28 for P. vivax was 65% (95% CI 49-81). After PCR
correction for re-infections, the Day 42
recrudescence rate for P. falciparum infections was
48% (95% CI 31-65). Re-treatment with
unsupervised quinine+/-doxycycline resulted in
further recurrence of malaria in 48% (95% CI 3165) of P. falciparum infections and 70% (95% CI 37100) of P. vivax infections. Eleven patients with
recurrent P. vivax were re-treated with amodiaquine;
there were no early or late treatment failures. In
southern Papua, a high prevalence of drug
resistance of P. falciparum and P. vivax exists both
to first- and second-line therapies. Preliminary data
indicate that amodiaquine retains superior efficacy
compared with CQ for CQ-resistant P. vivax.

51 Ratcliff A, Siswantoro H, Kenangalem E,
Maristela R, Wuwung RM, Laihad F, Ebsworth
EP, Anstey NM, Tjitra E, Price RN.
Two fixed-dose artemisinin combinations for drugresistant falciparum and vivax malaria in Papua,
Indonesia: an open-label randomised comparison.
Lancet 2007 Mar 3;369(9563):757-765.
BACKGROUND: The burden of Plasmodium
vivax infections has been underappreciated,
especially in southeast Asia where chloroquine
resistant strains have emerged. Our aim was to
compare the safety and efficacy of
dihydroartemisinin-piperaquine with that of
artemether-lumefantrine in patients with
uncomplicated malaria caused by multidrug-resistant
P. falciparum and P. vivax. METHODS: 774 patients
in southern Papua, Indonesia, with slide-confirmed
malaria were randomly assigned to receive either
artemether-lumefantrine or dihydroartemisininpiperaquine and followed up for at least 42 days.
The primary endpoint was the overall cumulative risk
of parasitological failure at day 42 with a modified
intention-to-treat analysis. This trial is registered with
ClinicalTrials.gov, trial number 00157833.

53 Rupali P, Condon R, Roberts S, Wilkinson L, Voss
L, Thomas MG.
Prevention of mother to child transmission of HIV
infection in Pacific countries.
Intern Med J 2007 Apr;37(4):216-223.
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INTRODUCTION: A generalized epidemic of HIV
infection has been evolving in Papua New Guinea
over the last decade, whereas in other Pacific Island
countries and territories (PICT) HIV transmission has
generally been less widespread. Programmes to
detect HIV infection in pregnant women and to
prevent mother to child transmission (MTCT) during
either delivery or breast-feeding can decrease the
incidence of infection in infants. The limited health
infrastructure present in some PICT may delay the
implementation of effective programmes to decrease
MTCT of HIV. METHODS: We used a standardized
questionnaire to survey health-care providers in 22
PICT for information on the epidemiology of HIV
infection and strategies used during 2004 to prevent
MTCT of HIV infection in their country. We
supplemented these survey responses with data
obtained from regional organizations supporting
national responses to HIV. RESULTS: We obtained
responses from 21 PICT. The reported prevalence
of known HIV infection was >150 per 100 000
persons in Papua New Guinea, approximately 100
per 100 000 persons in French Polynesia, Guam,
New Caledonia and Tuvalu and <50 per 100 000
persons in the remaining 14 PICT. Other than in
Papua New Guinea, where an estimated 500
pregnant women had HIV infection diagnosed in
2004, reported HIV infection among pregnant women
was rare. Ten PICT reported that an HIV antibody
test was offered as a routine component of antenatal
care and 11 reported that antiretroviral medications
were available for the prevention of MTCT of HIV
infection. CONCLUSION: The prevalence of HIV
infection differs greatly between PICT with a varying
risk of MTCT of HIV infection. Successful prevention
of MTCT of HIV infection throughout the PICT will
require improved uptake of antenatal HIV antibody
testing and better access to antiretroviral
medications.

prevalent in the local parasite population and the
extent of mixed-allele infections. Contribution of a
high prevalence of the chloroquine (CQ)-sensitive
allele of P. falciparum CQ resistance transporter
(pfcrt) to the relatively high msp1 diversity in the
Palawan population is discussed.
55 Smith BJ, Phongsavan P, Bauman AE, Havea D,
Chey T.
Comparison of tobacco, alcohol and illegal drug
usage among school students in three Pacific Island
societies.
Drug Alcohol Depend 2007 Apr 17;88(1):9-18. Epub
2006 Oct 19.
BACKGROUND: Many Pacific Island countries
are in social and epidemiological transition, but there
are little population data about drug and alcohol
usage among adolescents in this region.
METHODS: Random samples of school students
aged 11-17 years completed surveys in three
populations: Pohnpei State in the Federated States
of Micronesia (n=1495), Tonga (n=2808) and
Vanuatu (n=4474). RESULTS: Among 15-year-olds,
boys in Tonga reported the highest prevalence of
weekly smoking (29%), followed by boys in Pohnpei
(17%). Kava use at a potentially harmful level (i.e.
daily) was low in all countries. Drunkenness on two
or more occasions was much more common among
15-year-old boys in Pohnpei (51%) than same-age
youth in the other countries. Marijuana use was most
often reported by boys (20%) and girls (20%) in
Pohnpei, while solvents had been used most often
by boys in Pohnpei (15%), and methylated spirits
by boys in Tonga (20%). In all countries bullying of
other students was independently related to regular
smoking, while bullying behaviour and strong
relationships with peers and others outside of the
family were related to past drunkenness and use of
illegal drugs in Tonga and Vanuatu.
CONCLUSIONS: Overall, levels of adolescent
substance use were consistently higher in Tonga and
Pohnpei than in Vanuatu. These unique data provide
a basis for setting priorities and evaluating action to
address the health risks posed by substance use in
these Pacific Island societies.

54 Sakihama N, Nakamura M, Palanca AA, Argubano
RA, Realon EP, Larracas AL, Espina RL, Tanabe
K.
Allelic diversity in the merozoite surface protein 1
gene of Plasmodium falciparum on Palawan Island,
the Philippines.
Parasitol Int 2007 Sep;56(3):185-194. Epub 2007
Feb 8.
Allelic diversity of the Plasmodium falciparum
merozoite surface protein 1 gene (msp1) is mainly
generated by meiotic recombination at the mosquito
stage. We investigated recombination-based allelic
diversity of msp1 in a P. falciparum population from
Palawan Island, the Philippines, where malaria
transmission is moderate. We identified the 5'
recombinant types, 3' sequence types and msp1
haplotypes (unique combinations of 5' recombinant
type and 3' sequence type), and compared them with
those of P. falciparum from the Solomon Islands,
where malaria transmission is high. The mean
number of 5' recombinant types per patient in
Palawan was 1.44, which is comparable to the
number for the Solomon Islands (1.41). The Palawan
parasite population had 15 msp1 haplotypes,
whereas the Solomon Islands population had only 8
haplotypes. The Palawan population showed strong
linkage disequilibrium between polymorphic blocks/
sites within msp1, which is comparable to the results
for the Solomon Islands. These findings support
our hypothesis that the extent of allelic diversity of
msp1 is determined not only by the transmission
intensity but also by the number of msp1 alleles

56 Smith TS, Szetu J, Bourne RR.
The prevalence and severity of diabetic retinopathy,
associated risk factors and vision loss in patients
registered with type 2 diabetes in Luganville,
Vanuatu.
Br J Ophthalmol 2007 Apr;91(4):415-419. Epub
2006 Oct 31.
AIM: To determine the prevalence and severity
of diabetic retinopathy in patients with type 2 diabetes
in Luganville, the second largest town in Vanuatu.
Additionally, to investigate risk factors for retinopathy
and the effect of retinopathy on visual acuity (VA)
within this group. METHOD: All 83 registered
patients with type 2 diabetes in Luganville, a town of
13 121 people, were invited for an interview and
anthropometric measurements. A questionnaire
including assessment of hypertension and glycaemic
control, which are known risk factors for diabetic
retinopathy, was administered. This sample
accounted for approximately 1.07% of Luganville’s
adult population. Presenting VA was measured. The
retina was photographed with a non-mydriatic fundus
camera and images later independently graded for
the extent of retinopathy. RESULTS: 68 (82%) of
the 83 patients attended. The mean (SD) age was
54 (11) years and 31 (46%) were male. Diabetic
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retinopathy was present in 36 (52.9%) of the sample.
Sight-threatening retinopathy requiring urgent
referral was present in 15 (22.1%) patients.
Presenting VA was worse than 6/12 in the better eye
in n = 32 (47%) and in up to half of these cases the
principal cause was retinopathy. In addition, four
people had uniocular blindness resulting from
diabetes. The mean body mass index was lower in
those patients with diabetes with retinopathy than in
those without (p = 0.010), but there were no other
significant differences between the two groups and,
specifically, no difference in the frequency of
retinopathy risk factors. 42 (61.8%) patients had
hypertension (>or=135/85 mm Hg) or were taking
antihypertensive therapy. CONCLUSIONS: The
prevalence of registered patients with diabetes in
Luganville’s adult population was 1.07%. Diabetic
retinopathy was highly prevalent in the sample (in
36, 52.9%), and in 15 (22.1%) there was a significant
threat to sight, with up to 25% of the sample possibly
already affected by decreased VA or blindness
resulting from diabetes-related eye disease.
Retinopathy risk factors were also prevalent. A
diabetes screening programme with baseline
ophthalmic assessment and follow-up are urgently
needed to enable timely intervention and treatment.

doctors and 50 nurses and community health
workers provided care with minimal resources. The
doctors provided supervision and teaching for
nurses, community health workers, hospital
administrators and primary health carers, including
on long-range medical patrols. Over 16 months,
doctors performed 243 emergency surgical
procedures including orthopaedics, general surgery,
obstetrics and gynaecology. The generalist in rural
hospitals is required to perform a wide variety of
medical tasks in isolated settings yet there is no
active postgraduate training programme. The Master
of Medicine, Emergency Medicine programme
includes rotations through the major disciplines of
surgery, anaesthesia, internal medicine, paediatrics,
obstetrics and gynaecology. It has the potential to
train doctors in PNG for a generalist role as
graduates will learn the foundations of the required
skills.
59 Thomas SJ, Bain CJ, Battistutta D, Ness AR,
Paissat D, Maclennan R.
Betel quid not containing tobacco and oral cancer:
a report on a case-control study in Papua New
Guinea and a meta-analysis of current evidence.
Int J Cancer 2007 Mar 15;120(6):1318-1323.
Smoking and betel quid chewing are associated
with increased risk of oral cancer but few studies
have reported on associations in populations where
betel quid does not contain tobacco. We conducted
a case-control study in Papua New Guinea and a
systematic review. Our case-control study recruited
143 cases with oral cancer and 477 controls. We
collected information on smoking and betel quid
chewing. Current smoking was associated with an
increased risk of oral cancer with an adjusted odds
ratio (OR) for daily smokers of 2.63 (95% confidence
intervals (95% CI) 1.32, 5.22) and amongst heaviest
smokers of 4.63 (95% CI 2.07, 10.36) compared to
never-smokers. Betel chewing was associated with
increased risk of oral cancer with an adjusted OR
for current chewers of 2.03 (95% CI 1.01, 4.09) and
in the heaviest chewers of 2.47 (95% CI 1.13, 5.40)
compared to nonchewers. The OR in those who
both smoked tobacco and chewed betel quid was
4.85 (95% 1.10, 22.25), relative to those who neither
smoked nor chewed. The systematic review
identified 10 previous studies that examined risk of
oral cancer associated with betel quid chewing that
controlled for smoking in populations where betel
quid did not contain tobacco. In studies that reported
results for non-smokers the combined OR was 2.14
(95% CI 1.06, 4.32) in betel quid chewers and in
studies that adjusted for smoking the combined OR
was 3.50 (95% CI 2.16, 5.65) in betel quid chewers.
Preventive efforts should discourage betel quid
chewing as well as smoking.

57 Sutrisna A, Soebjakto O, Wignall FS, Kaul S,
Limnios EA, Ray S, Nguyen NL, Tapsall JW.
Increasing resistance to ciprofloxacin and other
antibiotics in Neisseria gonorrhoeae from East Java
and Papua, Indonesia, in 2004 – implications for
treatment.
Int J STD AIDS 2006 Dec;17(12):810-812.
We examined gonococci isolated in 2004, in East
Java and Papua, Indonesia, to review the suitability
of ciprofloxacin-based and other treatment regimens.
Gonococci from the two provinces were tested in
Sydney for susceptibility to penicillin, tetracycline,
spectinomycin, ceftriaxone, ciprofloxacin,
gentamicin, azithromycin and rifampicin. Of 163
gonococcal isolates from East Java (91) and Papua
(72), 120 (74%) of gonococci, 62 (68%) and 58 (80%)
from East Java and Papua, respectively, were
penicillinase-producing gonococci and 162 displayed
high-level tetracycline resistance. Eighty-seven
isolates (53%) were ciprofloxacin resistant, 44 (48%)
from East Java and 43 (60%) from Papua. All
isolates were sensitive to cefixime/ceftriaxone,
spectinomycin and azithromycin. Minimum inhibitory
concentrations of gentamicin were in the range 0.058 mg/L. Sixty-nine gonococci (42%) showed
combined resistance, to penicillin, tetracycline and
quinolones. Quinolone resistance has now reached
unacceptable levels, and their use for the treatment
of gonorrhoea in Indonesia should be reconsidered.
58 Symmons D, Curry C.
Rural hospital generalist and emergency medicine
training in Papua New Guinea.
Emerg Med Australas 2007 Apr;19(2):151-154.
The present paper describes the role of the
hospital generalist in rural Papua New Guinea (PNG)
and the contribution of emergency medicine training
to that practice. Generalist practice in Tinsley District
Hospital in Western Highlands Province is described,
with emphasis on emergency surgery and
anaesthesia. The potential of the PNG emergency
medicine training programme for preparing
generalists is discussed. Tinsley Hospital served a
population of 40,000 people, with 4000 admissions
and 300-400 operations performed annually. Two

60 Truong T, Rougier Y, Dubourdieu D, GuihenneucJouyaux C, Orsi L, Hémon D, Guénel P.
Time trends and geographic variations for thyroid
cancer in New Caledonia, a very high incidence area
(1985-1999).
Eur J Cancer Prev 2007 Feb;16(1):62-70.
Thyroid cancer incidence in New Caledonia is
the highest reported in the world and is approximately
10-fold higher than in most developed countries. We
describe the incidence patterns in this country
according to histological and sociodemographic
characteristics to give clues about potential etiologic
factors. Another objective is to see whether the
incidence figures are related to enhanced detection
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of small size carcinomas. The study included all 498
cases of thyroid cancer diagnosed in 1985-1999.
Pathology reports were systematically reviewed to
determine the histological type of the tumor and the
size of the cancerous nodules. The incidence of
carcinomas < or =10 mm was taken as an indicator
of enhanced detection due to improved screening
procedures. The age-standardized incidence rates
in 1985-1999 were exceptionally high in Melanesian
women (71.4/100,000) and men (10.4/100,000). The
incidence increased three-fold in women from 1995
onwards. The increase in incidence was more
striking for papillary carcinomas < or =10 mm than
for large size carcinomas, but an increased incidence
of carcinomas >10 mm was also observed among
women. The analysis by municipality of residence
in Melanesian women showed that the incidence was
twice as high in 1995-1999 in the Loyalty Islands as
in the rest of the country. The sharp increase of
thyroid cancer incidence in 1985-1999 in New
Caledonia was partly related to enhanced detection
of small size carcinomas. The elevated incidence of
thyroid cancers, as well as the ethnic and geographic
disparities, may result from common environmental
or lifestyle risk factors that need to be identified.

Ann Trop Paediatr 2006 Dec;26(4):277-284.
AIMS: To support a national approach to oxygen
systems in Papua New Guinea, we conducted a
study to document the incidence of hypoxaemia, its
geographical distribution, epidemiological
determinants and resource availability in several
regions of the country. We also established baseline
mortality rate data for all children admitted to five
hospitals, for children with a diagnosis of pneumonia
and for neonates to evaluate a future intervention.
METHODS: Data were collected prospectively from
over 1300 hospital admissions in five hospitals in
2004. To establish the baseline case fatality rates,
data on outcome were collected retrospectively over
3 years (2001-2003) for over 20,000 children
admitted to five hospitals. RESULTS: A total of 1313
admissions were studied prospectively in the five
hospitals. Altogether, 384 (29.25%, 95% CI 26.831.8) had hypoxaemia, defined as SpO2 <90%. The
incidence of hypoxaemia was much greater in
highland hospitals (40% of all admissions) than on
the coast (10% of all admissions). This large
difference in incidence persisted when the uniform
definition of hypoxaemia was adjusted for altitude,
and was largely because of differences in the
incidence of acute respiratory tract infection. Oxygen
was not available on the day of admission for 22%
of children (range between hospitals, 3-38), including
13% of all children with hypoxaemia. Oxygen was
less available in remote rural district hospitals than
in provincial hospitals in regional towns. Clinical signs
proposed by WHO as indicators for oxygen would
have missed 29% of children with hypoxaemia and,
if these clinical signs were used, 30% of children
without hypoxaemia would have been considered in
need of supplemental oxygen. CONCLUSIONS:
Based on this study, an approach to improving the
detection of hypoxaemia and the availability of
oxygen has been trialled in these five hospitals where
a programme of clinical and technical training in the
use and maintenance of pulse oximetry and oxygen
concentrators has been introduced.

61 Utsumi T, Yano Y, Truong BX, Tanaka Y, Mizokami
M, Seo Y, Kasuga M, Kawabata M, Hayashi Y.
Molecular epidemiological study of hepatitis B virus
infection in two different ethnic populations from the
Solomon Islands.
J Med Virol 2007 Mar;79(3):229-235.
The Solomon Islands is a multi-ethnic nation with
a high rate of hepatitis B virus (HBV) infection. The
prevalence relative to ethnicity was examined in
relation to HBV infection, genotypes, and mutations.
Asymptomatic populations (n = 564, 308 Melanesian
and 118 Micronesian) from the Western Province
were enrolled. Positive samples for hepatitis B
surface antigen (HBsAg) were examined for
serological status, genotyping, viral load, and
mutations of the basic core promoter (BCP) and precore (Pre-C) regions. The positive rate for HBsAg
was 21.5%. The major Melanesian genotype was C
(HBV/C), whereas the major Micronesian genotype
was D (HBV/D). The prevalence of hepatitis B e
antigen (HBeAg) in serum was lower in carriers of
HBV/D than of HBV/C. While the prevalence of the
BCP mutation (T(1762)A(1764)) tended to be higher
in HBV/C, that of the Pre-C mutation (T(1846)) was
significantly higher in HBV/D (p < 0.0001). Genetic
distance and phylogenetic analyses based on
complete genome sequences were also carried out
for two strains of HBV/C and two strains of HBV/D,
and the findings were compared with those in the
DDBJ/EMBL/GenBank database. The full-length
sequence revealed that strains from the Solomon
Islands were classified into subgenotype C3 (HBV/
C3) and D4 (HBV/D4), and that the HBV/D strains
were related closely to those from Papua New
Guinea. HBV infection in the Solomon Islands is
hyperendemic, and the genotype is ethnicity-specific.
HBeAg appears to clear from the serum in young
adulthood in HBV/D infection, which may be
influenced by genotype-dependent features in
relation to viral mutations.

63 Wardlow H.
Men’s extramarital sexuality in rural Papua New
Guinea.
Am J Public Health 2007 Jun;97(6):1006-1014. Epub
2007 Apr 26
Married women in rural Papua New Guinea are
at risk for HIV primarily because of their husbands’
extramarital relationships. Labor migration puts these
men in social contexts that encourage infidelity.
Moreover, many men do not view sexual fidelity as
necessary for achieving a happy marriage, but they
view drinking and “looking for women” as important
for male friendships. Although fear of HIV infection
is increasing, the concern that men most often
articulated about the consequences of extramarital
infidelity was possible violent retaliation for “stealing”
another man’s wife. Therefore, divorced or separated
women who exchange sex for money are considered
to be “safe” partners. Interventions that promote
fidelity will fail in the absence of a social and
economic infrastructure that supports fidelity.
64 Warner JM, Pelowa DB, Currie BJ, Hirst RG.
Melioidosis in a rural community of Western
Province, Papua New Guinea.
Trans R Soc Trop Med Hyg 2007 Aug;101(8):809813. Epub 2007 May 11.
A prospective study was conducted to determine
the significance of melioidosis in the Balimo district

62 Wandi F, Peel D, Duke T.
Hypoxaemia among children in rural hospitals in
Papua New Guinea: epidemiology and resource
availability—a study to support a national oxygen
programme.

106

Papua New Guinea Medical Journal

Volume 50, No 1-2, Mar-Jun 2007

of Western Province, Papua New Guinea. During
1998, after the establishment of laboratory
procedures and increasing local clinical awareness,
the disease was found in 1.8% (95% CI 0.37-5.1%)
of individuals presenting with fever refractory to
standard treatment. The clinical incidence was 20.0
per 100000 population (95% CI 12.2-30.9). The
median age of culture-confirmed cases was 9.5
years (interquartile range 8.3-14.8 years). The
seroprevalence of 747 community children in the
region tested was 8.2% (95% CI 6.2-10.4%). Most
individuals presented during the rainy season with a
febrile disease refractory to standard treatment,
sometimes mimicking tuberculosis. Some family
clustering was apparent. All patients with
bacteraemic melioidosis died, but treatment with the
available conventional therapies of chloramphenicol,
cotrimoxazole or doxycycline resulted in survival and
cure in six patients with subacute/localised
melioidosis. Further studies are needed to ascertain
the local epidemiology and why children appear
particularly at risk, as well as to establish the true
extent of melioidosis in Papua New Guinea.

Cambridge. He married Gwen Gulliver, an
Australian, in 1924. They had two sons. In 1926 he
gained his FRCSEd and set up practice in London.
During the 1930s he was a court expert in ballistics
together with Lord Gerrard Burrard. He wrote a
definitive textbook on automatic pistols which was
published during World War II. In 1933 he took the
photo of the Loch Ness Monster which was only
admitted to be a hoax in 1992. In 1939 he walked
out of his practice, rejoined the Royal Artillery but in
1942 joined the elite SAS. He was decorated in
Holland (orange order) and France (croix de guerre)
before being parachuted into Borneo with Australian
troops in 1945 to serve in Z force with SEMUT 2. In
1950 he went to PNG as the first fully qualified
surgeon and was posted to Rabaul (1950-53) and
Port Moresby (1953-56). He is remembered by his
anaesthetist and nurses as an excellent general
surgeon who could turn his hand to anything, though
his results with thoracic surgery were probably
suboptimal. In addition to surgery he was an expert
fisherman and shot. He died in 1969 of oesophageal
cancer. He served with distinction in every phase of
his life.

65 Watters DAK.
Pacific Islands Project – past, present and future.
Abstract Al01.
ANZ J Surg 2007 May;77 Suppl 1:A20.
The Pacific Islands Project began in 1995 and
in its early years had a focus on providing specialist
services that were not available in the 10 island
nations visited. In 2002 Nauru was added and PIP
Phase III will end its 9 month bridging/extension
phase in September 2007. During the last 12 years
Fiji School of Medicine has commenced a
postgraduate medical training program in surgery
similar to that has been in existence in PNG since
1975. There are now a growing number of Pacifictrained surgeons who can select suitable cases, do
some of the surgery, and supervise the postoperative
care. Increasingly visiting teams have focused on
transferring skills and building local capabilities
(capacity building). The RACS, the Project Director
and the speciality coordinators have managed the
first three phases of the project in Australia. Phase
III had on-going evaluation by an internal RACS
committee under the chairmanship of Professor
Hamish Ewing. AusAID also externally reviewed the
project late in 2006. That review was generally
complimentary as to what has been achieved but
also points to some new goals for the future. At the
time of writing this abstract the future direction of
PIP is yet to be decided and designed. This will be
done mid-2007. However, it is to be hoped there
will be a new program, focused on capacity building,
that is managed in the Pacific and employs the skills
of Pacific Island specialists wherever possible.
RACS is likely to continue to play an important role
in sourcing visiting specialists, organising training
positions, arranging courses. We have much
expertise to offer but there is no longer any need for
us to set the agendas.

67 Watters DAK.
History of surgery in New Guinea 1921-1942.
Abstract Sh12.
ANZ J Surg 2007 May;77 Suppl 1:A84.
New Guinea was governed by Australia under
Mandate from the League of Nations. Information
was obtained through review of personnel files in
the National Archives, interviews with former
residents or family members and from biographies.
It was a time when surgery in the separate territories
of Papua and New Guinea was conducted by general
doctors who were selected often on availability,
stability and knowledge of tropical medicine. The two
territories had different pay scales and different
staffing arrangements. A mix of missionaries,
mercenaries and madmen were recruited. These
were wild days, plantations and gold rushes, when
mavericks such as Errol Flynn were on the loose. It
was often alleged surgical incompetence that
determined whether someone was regarded as
suitable or not. Doris Booth, a nurse and the first
white woman prospector, set up a hospital on the
Goldfields in 1926. Some MO’s did only a few months
filling positions of “desperate need” whilst others,
such as ET Brennan, Backhouse, Dickson and
Sinclair, made significant contributions. By 1927
Raphael Cilento (1924-29) was Director of Public
Health with 9 Medical Officers stationed in Rabaul
(2), Kavieng, Madang, Manus, Aitape, Morobe with
one travelling and one relieving medical officer.
Europeans were treated at the Namanula Hospital
and natives at the Rapindik Native Hospital (est
1930) at Matiep. Theodore Braun arrived as a
Lutheran missionary doctor in 1935 and proved to
be a highly competent surgeon. The period ends with
the Japanese bombing of Rabaul in 1942 and the
controversial evacuation of Dr Alex Price and others
from Kieta, Bougainville, aboard the Bilua.

66 Watters DAK.
Loch Ness SAS and the first surgeon in paradise.
Abstract Sh07
ANZ J Surg 2007 May;77 Suppl 1:A83.
Robert Kenneth Wilson was born in Madagascar
in 1899, the son of a Scottish missionary doctor. As
a boy he was raised by his elder sister and developed
a keen interest in natural history. He served in the
First World War before studying medicine at

68 Williams DJ, Jensen SD, Nimorakiotakis B,
Müller R, Winkel KD.
Antivenom use, premedication and early adverse
reactions in the management of snake bites in rural
Papua New Guinea.
Toxicon 2007 May;49(6):780-792. Epub 2006 Dec
2.
OBJECTIVE: To examine antivenom use,
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premedication, early adverse reactions and patient
outcomes after snake bite in rural Papua New
Guinea. DESIGN: Retrospective chart analysis of
all admissions for snake bite with documented
antivenom use at 11 rural health facilities from
January 1994 to June 2004. No formal protocol was
followed and there was no attempt at randomisation
or blinding of prophylaxis. RESULTS: Antivenom use
was documented in 136/1881 (7.2%) snake bite
admissions and most (121/136: 88.9%) received a
single vial. CSL polyvalent antivenom was
administered to 112/136 (82.4%). One hundred and
eleven patients (81.6%) happened to have been
given premedication with adrenaline and/or
promethazine and/or hydrocortisone. Early adverse
reactions were reported in 25 patients (18.4%)
including 23 treated with polyvalent antivenom.
Intravenous test doses of antivenom were given to
32 patients, none of whom had a positive test result.
Subsequent adverse reactions occurred in 9 of these
32 (28.1%) patients. One death may have been
attributable to anaphylaxis after polyvalent
antivenom. Reaction rates were significantly (p < or
= 0.005) lower in adrenaline premedicated patients
(7.7%) compared to patients premedicated without
adrenaline (28.3%) and unpremedicated patients
(28.0%). Adrenaline premedication caused no
detectable changes in vital signs. The case fatality
rate was 9.6% (13/136 patients). CONCLUSIONS:
Polyvalent antivenom is the main treatment for
envenomation in rural health centres, and early
adverse reactions are common. Adrenaline
premedication appears to significantly reduce acute
adverse reaction rates. Premedication with
promethazine and/or hydrocortisone without
adrenaline did not reduce early adverse reactions.

Can Oper Room Nurs J 2006 Dec;24(4):18-19, 3435.
A request to the International Federation of
Perioperative Nurses (IFPN) by some nurses in
Papua New Guinea led to Kate Woodhead and
Phyllis Davis running a workshop in Port Moresby,
Papua New Guinea. They set out to help the
perioperative nurses establish their own organisation
to advise the government on policy which affected
their service, and to serve as a forum for
perioperative education and motivation. This article
describes the mechanisms by which the Papua New
Guinea Perioperative Nurses Association came into
being.
71 Wynd S, Carron J, Selve B, Leggat PA, Melrose
W, Durrheim DN.
Qualitative analysis of the impact of a lymphatic
filariasis elimination program using mass drug
administration on Misima Island, Papua New Guinea.
Filaria J 2007 Jan 1;6:1.
BACKGROUND: Papua New Guinea is the only
endemic country in the Western Pacific Region that
has not yet introduced a countrywide program to
eliminate lymphatic filariasis. However, on Misima
Island in Milne Bay Province, government and private
sectors have collaborated to implement a pilot
elimination program. Though the program has been
parasitologically successful, an appreciation that
sustainable health gains depend on understanding
and accommodating local beliefs prompted this
qualitative study. METHODS: We investigated
Misima community members’ knowledge and
attitudes about lymphatic filariasis and the
elimination program. A combination of focus groups
and key informant interviews were used to explore
participants’ perceptions of health; knowledge of the
aetiology and symptoms of filariasis, elephantiasis
and hydrocele; attitudes towards the disease and
mass drug distribution; and the social structure and
decision-making protocols within the villages.
RESULTS: Focus group discussions proved inferior
to key informant interviews for gathering rich data.
Study participants did not consider lymphatic
filariasis (‘pom’) a major health problem but were
generally positive about mass drug administration
campaigns. A variety of conditions were frequently
and incorrectly attributed to filariasis. Participants
expressed the belief that individuals infected with
filariasis always had visible signs of disease. A
common misconception was that taking drugs
provided long-term immunity against disease. The
role of mosquito vectors in transmission was not
generally appreciated and certain clinical
presentations, particularly hydrocele, were
associated with supernatural forces. Multiple
adverse events were associated with mass drug
administration and most study participants
mentioned community members who did not
participate in campaigns. CONCLUSION: Important
issues requiring educational intervention and
elimination activity modification in the Misima region
were identified during this study. Research outcomes
should assist Papua New Guinea in developing and
implementing a national elimination strategy and
inform discussions regarding the appropriateness of
current elimination strategies.

69 Wirkas T, Toikilik S, Miller N, Morgan C, Clements
CJ.
A vaccine cold chain freezing study in PNG highlights
technology needs for hot climate countries.
Vaccine 2007 Jan 8;25(4):691-697. Epub 2006 Aug
31.
Fourteen data loggers were packed with vaccine
vials at the national vaccine store, Port Moresby,
Papua New Guinea (PNG), and sent to peripheral
locations in the health system. The temperatures
that the data loggers recorded during their passage
along the cold chain indicated that heat damage was
unlikely, but that all vials were exposed to freezing
temperatures at some time. The commonest place
where freezing conditions existed was during
transport. The freezing conditions were likely induced
by packing the vials too close to the ice packs that
were themselves too cold, and with insufficient
insulation between them. This situation was rectified
and a repeat dispatch of data loggers demonstrated
that the system had indeed been rectified. Avoiding
freeze damage becomes even more important as
the price of freeze-sensitive vaccines increases with
the introduction of more multiple-antigen vaccines.
This low-cost high-tech method of evaluating the cold
chain function is highly recommended for developing
and industrialized nations and should be used on a
regular basis to check the integrity of the vaccine
cold chain. The study highlights the need for
technological solutions to avoid vaccine freezing,
particularly in hot climate countries.

72 Yap A, Garap J, Melengas S, du Toit R, Brian G.
Assessment of clinical notes in Papua New Guinea.
Clin Experiment Ophthalmol 2006 Dec;34(9):900.

70 Woodhead K.
Developing a new perioperative organisation in
Papua New Guinea.
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