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Simple and low-tech is good enough: Emergency craniotomies
through 13 years at a local hospital in Cambodia

Sokh Vannara?, Yang Van Heng?, Sokh Kanhvon', Ngoun Sophy?, Roar Kloster*, Hans Petter Husum®

ABSTRACT a OPEN ACCESS

Where the epidemic of trauma hits hardest - like in Cambodia - centers for traumatic brain injuries (TBI)
are few if at all existing, and skilled treatment too expensive for most trauma victims. In 2013 the authors
decided to build capacity for emergency craniotomies at a referral hospital in Northwestern Cambodia.
One local surgeon and one trauma nurse underwent hands-on training in craniotomy and post-operative
monitoring, first on live anesthetized animal models, then during brief study periods at a referral trauma
hospital in Norway. At the Cambodian study hospital, the craniotomies were done by hand-drills and
Gigli-wire saws, and the ICU did not have ventilators. During the first four years all head trauma cases
admitted was managed with on-line guidance from Norwegian neurosurgeons. In this period 246 patients
with traumatic brain injury underwent craniotomy, the mortality rate was 7% and long-term outcome
satisfactory with Glasgow Come Outcome ratings at 4 or 5 in 93% of the patients. From 2017 to 2025 the
Cambodian head trauma center operated independently without distance monitoring by neurosurgeons.
During this period a total of 484 post-traumatic emergency craniotomies were performed with recovery
rates like the initial study period, mortality rates remaining low, at 8.3%. Of all TBI patients, 12,3 %
underwent decompressive craniectomy. The main lesson learned in the Cambodian intervention is that
proper head trauma surgery does not depend on high-tech instruments, intraparenchymal pressure
monitors, or advanced ventilators. Critical alterations in cerebral perfusion can be read by clinical signs,
and the patient managed accordingly — provided you are dedicated, well trained, and stay close to
the patient at all times.
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Introduction

In low- and middle-income countries traumatic brain injuries (TBI) make an increasingly heavy burden on the
health services, estimates suggesting that 4,5 million cases in these countries require neurosurgical treatment
each year.! The World Health Organization documents that road traffic trauma in a main driver in the epidemic
of TBI, particularly in low-income countries.? Low-resource societies can hardly face this challenge. The Global
Neurotrauma Outcomes Study concluded that the main problems in these countries are lack of skilled personnel
and resources, especially in pre- and postoperative care.® The pattern documented in international review studies
fits Cambodia; also here the TBI incidence has increased rapidly during the last decade, mainly due to traffic
accidents.* Most Cambodian trauma victims are living in poverty; affording proper neurosurgical care at the
only two competent centers in the capital, or cross-border in Thailand, is far beyond their reach. Cambodia
does not have a public prehospital dispatch system, there are no outreach ambulances and prehospital transit
times are high; those getting alive to the referral hospitals often arrive in poor condition. Consequently, there
is a huge capacity gap to fill. In a recent review article Igbal and his team discusses the path forward in low-
resource countries and suggest focusing capacity building efforts on training of neurosurgeons at regional
neurosurgical training centers, and to equip the referral hospitals with the technical resources needed “...
such as MRI and CT scanners, operating microscopes, neuronavigational systems, and specialized surgical
instruments.”®

But what to do where the few existing neurosurgical hospitals are private institutions without attentiveness
for capacity building, and the financial resources do not prioritize prehospital trauma care? The authors (SV,
YVH, HH) decided that something had to be done in Cambodia, building on the resources that really existed.
In 2012 a capacity-building intervention was initiated aiming to develop neurosurgical competence in TBI care
at a local referral hospital. The aims of this prospective study were (1) to develop a model for teaching neurosurgery
to non-specialist surgeons; (2) to test if a low-tech and low-cost service could provide proper quality of care, and
(3) to examine if such local capacity would be sustainable.

Methods

In agreement with local health authorities, the authors selected Military Hospital Region 5 in Battambang
as target hospital. The hospital is referral surgical center for a civilian population of around 3 million people
in Northwest Cambodia. Highway 5, the main route between Phnom Penh and Bangkok runs through the
catchments area. This 100-bed hospital is staffed by two senior general surgeons educated in Vietnam. The
operating theatre is equipped with simple instruments for general surgery, but without surgical microscope.
There is an ICU with 10 beds, ran by care providers without formal training in intensive care; oxygen and basic
drugs are available, but not ventilators. The hospital has an old CT scanner, the surgeons themselves assessing
the images. There is no electronic journal system. Most trauma patients admitted to the target hospital carry a
public certificate identifying them and their family members as “poor citizens”, which qualify them for discount
on the costs of medical treatment. A few well-off persons may have medical insurance, but that is seldom the
case.

STEP 1: ANIMAL MODELS FOR HANDS-ON TRAINING

Teaching skull and brain trauma surgery to newcomers is not straightforward: Being told that open skull fractures
must be debrided like any other open fracture — all non-viable matter including damaged brain tissue off — junior
trainees hesitatingly agree. And when the teacher tells them that the brain is a pleasant organ to work on; unlike
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other internal organ you can clearly read the signs of oxygenation and perfusion —the students normally hesitate.
Confidence must be built as a first step in the ladder of learning, and for that hands-on practice on animal models
is indispensable. The anatomy of the skull and the brain in dogs is rather similar to that of humans. Through
a 50-hours course in 2012 at a makeshift training center at a nearby district hospital, open skull fractures were
inflicted on dogs under full ketamine anesthesia. Guided by a senior trauma surgeon (HH), the trainees learned
how to mobilize skin-galea flaps, debride fractures, manage damaged brain tissue, control bleeds, and to make
burr holes with manual drills to lift bone flaps mobilized with Gigli wire saws. Besides enhancing hands-on skill
and self-reliance, the main aim of this basic training was to learn to read and understand the discrete clinical
signs of cerebral perfusion and increased intracranial pressure in damaged brains.

STEP 2: DISTANCE-LEARNING WITH NEUROSURGEONS

In 2013 and again in 2015 the senior surgeon (SV) and one trauma nurse (YVH) at the Military Hospital underwent
four weeks of training in neurosurgery, postoperative management, evaluation of CT scans, and trauma registry
work at the University Hospital of North-Norway. From now on, distance-learning between the two countries
was initiated: An experienced Norwegian neurosurgeon (RK) did in-real-time-reviews of CT scans and clinical
findings conveyed to him on TBI patients admitted to the study hospital. He also practiced some weeks of
surgery and supervision in Cambodia. The ICU staff in the Military Hospital was monthly carefully trained by
the senior trauma nurse in basic postoperative care, again with specific focus on clinical signs of cerebral
hypoperfusion. Qualified physiotherapy service is non-existent in the study hospital, but caring relatives will
be present bedside day and night; thus, the ICU nurses advised the patients’ family members in elementary
rehabilitation measures.

For quality control, a head trauma registry was established at the hospital. The registry contained prehospital
transit times, diagnosis, Injury Severity Score (ISS), pre- and post-operative Glasgow Coma Scale (GCS) ratings,
and surgical outcomes. The trauma registry nurse (YVH) also interviewed all patients in their homes three months
after surgery to register post-operative morbidity estimated by Glasgow Coma Outcome Scale (GOS) ratings.
Due to financial restraints the trauma registry and the cross-country neurosurgical supervision had to be closed
in 2016. The outcomes in the study period two from 2017-25 are based on retrospective examination of the
patients’ paper journals and CT images, data for GOS rating were not collected.

Results

STUDY PERIOD ONE, 2013-2016

In this period a total of 310 patients were admitted for surgery, 246 of them with traumatic brain injury (TBI),
and 64 patients with hemorrhagic stroke. The prehospital transit times were high, mean 87 hours (SD 45). Most
cases were severe, 44% of the patients had Glasgow Coma Scale (GCS) ratings at 9 or lower on admission.
Among the TBI cases, 80% had ISS Scores at 25 or higher, 57% were diagnosed with polytrauma. A total of 26
patients underwent decompressive craniectomy. The mortality rate for all TBI patients during this study period
was 7%. The long-term recovery rates were high (table 1).

Medical Research Archives 4



THE EUROPEAN SOCIETY OF MEDICINE

Table 1. Disability and mortality after craniotomy

Traumatic brain injury Cerebral
n = 246 hemorrhage
n =64
Severe permanent disability, GOS 2 or 3 7% 2%
Survival with moderate disability or complete 93% 98%
recovery, GOS 4 or 5
Mortality rate 7% 5%

The mortality rate based on in-hospital fatalities and head trauma-related fatalities occurring within three
months after surgery. GOS. Glasgow Outcome Scale

The initial postoperative recovery rate was substantial with GCS ratings improving during the first postoperative
days. At day three after craniotomy, the majority of patients had regained good cerebral function (figure 1).

Figure 1. Post-operative recovery
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The distribution of GCS ratings in TB/ cases the first and third post-operative day.
GCS ratings on admission is an outcome predictor; recovery rates sink and mortality increases by low preoperative
GCS scores. The long-term recovery as estimated by GOS rating three months after surgery was high for most

patients with light or moderate brain injury, GOS rated morbidity increasing with deteriorating GCS ratings
(table 2).

Table 2. Outcomes by preoperative injury severity

Preoperative GCS rating

Good recovery,

Mortality rate

GOS 4 o0r5
GCS8or7,n=102 82% 18%
GCS50r6,n=37 65% 35%
GCSlessthan 6, n=7 29% 71%

GOS. Glasgow Outcome Scale rating three months after surgery, scores = 4 indicating regained
independent function in daily life, and GOS = 5 indicating complete recovery.
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STUDY PERIOD TWO, 2017- 2025

A total of 484 patients with TBI underwent emergency craniotomy in this study period, 64 of them with
decompressive craniectomy. Based on reviews of ICU journals, the in-hospital recovery rate was not different
from the previous study period and the mortality remained low, 8.3%. Two cases from study period two illustrate
the surgical capacity developed in the hospital.

CASE 1. SKULL FRACTURE WITH EPIDURAL HEMATOMA

Figure 2. Skull fracture with epidural hematoma

In 2024 a 19-year-old woman was admitted with open temporal fracture, epidural hematoma, and brain contusion
with midline shift of 4 mm after a motorcycle-to-motorcycle collision on her way to the university. After transient
initial unconsciousness, she woke up with increasing headache, vomiting and stupor. She was admitted at the
Military Hospital 23 hours after the injury, GCS on admittance at 11. Three hours later she underwent surgery:
The fracture was exposed and a bone flap with moderately displaced fragments was mobilized by burr holes
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and Gigli-saw. An epidural hemorrhage of 100 ml was evacuated, the brain contusion debrided through a wide
dural incision, and the bone flap replaced over an epidural drain (figure 2). The operation lasted 90 minutes,
and four hours later the patient was awake with GCS rating at 14. She was discharged from the hospital after
ten days without wound infection and GCS at 15. She returned to university one month later, the Glasgow
Outcome Scale self-rated at 5 indicating complete recovery.

CASE 2. PRIMARY DECOMPRESSIVE CRANIECTOMY

Figure 3. Brain contusion with extensive subdural hematoma
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In September 2025 a 27-year-old male factory worker suffered repeated blows to his head and fell unconscious
during a violent fight with a co-worker while on night shift. Regaining consciousness after a few minutes he
complained of increasing headache, dizziness, and confusion. During observation at a local clinic, his condition
deteriorated, and he was admitted at the Military Hospital 15 hours after the injury with GCS rating at 12. The
CT scans presented an extensive subdural hematoma in the left fronto-temporo-parietal region and cerebral

Medical Research Archives 7



THE EUROPEAN SOCIETY OF MEDICINE

contusion of the temporal lobe. A fronto-temporal bone flap was mobilized by burr holes and Gigli saw. There
were no signs of skull fracture. The brain was exposed through a wider semi-circular dural incision, crushed tissue
debrided, and bleeding controlled (figure 3). Replacement of the bone flap was impossible due to pronounced
brain edema. After partial closure of the dura, a muscle flap from the temporal muscle was swung in to cover
the window. The bone flap was isolated and stored in a subcutaneous pocket in the lower abdominal wall. The
operation lasted three hours. The first postoperative day the patient demonstrated a moderate hemiplegia
and GCS rating at 12. The motor control improved gradually, and the 5" postoperative day his GCS was rated
at 15. He was discharged 12 days after surgery. One month later he was back to work with moderate weakness
in the right arm. Cranioplasty with the autologous bone graft was done in December 2025, the graft healing
without complications.

Discussion

Comparing the results in the Cambodian intervention with the standards in other centers is not straightforward,;
there are considerable differences in result indicators reported globally. The probability of adverse outcome
for survival and recovery after TBI surgery are six times higher in low-resource settings than in Western scenarios.®
However, the clinical outcome of the actual educational intervention compares well with clinical reports from
other low- and middle-resource countries. A study of 659 TBI cases in an urban trauma center in Bangladesh
reports a mortality rate at 10 %.’ In a study in rural Kenya of 119 craniotomies, 55% of them with TBI, Kanyi reports
an in-hospital mortality rate at 7%.8 However, comparison of crude hospital mortality rates between surgical
centra may be misleading. In the actual study population, most patients spent days of observation at home or
at local health centers without any qualified life support before being admitted for surgery. In this scenario there
has necessarily been unknown and unreported fatalities, maybe due to lack of transport, financial restraints,
or simply because modern options for TBI treatment is not known among rural laypeople in Cambodia. On the
other hand, the load on the hospital was demanding, numerous prehospital survivors being admitted with
polytrauma and ISS ratings at 25 or higher. Hence, we hold that a three-month mortality rate at 8-9% is an
indicator or satisfactory surgical quality.

The GCS is the key tool to read the severity of brain damage, especially so where intracranial pressure monitors
are missing. The lessons learned during the first study period was that patients with severe TBI (GCS < 8)
carried high risk for unfortunate surgical outcome. The key to effective preoperative triage is to interfere urgently
before the GCS ratings went down towards 8. This takes a dedicated ICU team in close cooperating with an
experienced surgeon. Review studies document that TBI subgroups with GCS rating between 12 and 9 are
the cases where early surgical intervention is indicated.®

As many as 12.3% of the TBI cases were managed by decompressive craniectomy on the indication of
unmanageable brain edema during the primary operation. This incidence rate corresponds well with figures
reported from other centers, which indicates that professional triage skill has been established in the study
hospital. However, the benefit of this surgical intervention is controversial, several studies from Western
TBI referral centers report high mortality and long-term morbidity.® *°

One asset in the Cambodian intervention is the systematic gathering of long-term recovery rates (study period
one). Regarding long-term morbidity, inter-centra comparisons of functional recovery outcome indicators
are futile due to substantial differences in study populations and resources. A multi-center study in European
and Australian head trauma centers reports complete post-injury recovery in just 16% of the patients.® A
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recent review study from four low- and middle-income countries report favorable functional outcomes after
TBI surgery (GOS 4 or 5) ranging from 16% to 70%.!* The spread of functional outcome estimates between
countries suggest that this indicator is multi-factorial: injury severity, the quality of preoperative triage and
surgical performance, and the excellence of ICU care are definitely explanatory variables for long-term results.
Assessing morbidity in the Cambodian intervention, we should emphasize the socio-economic situation of
the patients: Where poverty rules and trauma victims with their families has no right to communal support after
accidents or major trauma, regaining independence in daily life and even going back to work is vital. The
functional outcomes in the actual study — 80% of the patients getting on foot again - thus indicates an effective
chain-of-care in this context of poverty.

Is the capacity level gained by the Cambodian intervention sustainable, taking the suboptimal technical and
human resources into account? So far, with 800 patients managed for 13 years, the quality indicators remain
adequate. However, the load on the care-giving team is considerable with obvious risk for burn-out. The key
factors for this resilience are probably both medical devotion, learning and gaining confidence by continuous
case reviews, and systematic team-building among the care-givers.

Conclusion

One should not conclude that doing TBI care with suboptimal technical and human resources is recommended.
But if you do not have what you need - and it does not seem you will get it in the near future — then you should
use what you have. Dedicated health workers are to be found everywhere where patients suffer, and skills can be
fostered. The study demonstrates that proper head trauma care does not depend on intracranial bolt monitors
or advanced ventilators; critical alterations in cerebral perfusion can be read by clinical signs, and the patient
managed accordingly.

There are always risks of unexpected adverse effects in cross-country development interventions where foreign
standards are implemented, especially if the experts do the job for the locals, and not with them. The sustained
capacity at the study hospital indicates that the teaching model worked well. We hold that extensive hands-on
teaching on animal models was important to build self-confidence among the key trainees. It made it possible
for the external experts to pull out from the intervention at an early stage.
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