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Trauma care where poverty reigns: Lessons learned on the
blood trails in rural South

Hans Petter Husum

ABSTRACT @ OPEN ACCESS

The article describes a broad research process aiming at generating innovative trauma system models
in low-resource societies. The interventions have been designed and implemented on a methodological
platform of participatory action research, the external researchers identifying study problems, designing
and implementing action plans, and assessing outcomes in team with the local participants. The main
lessons learned during a 40-year research process were: Efficient prehospital trauma care can be provided
by non-graduate health workers. A novel model of education - the Village University — where teaching
and hands-on practice are provided inside the trauma catchments area, was essential for capacity building.
The rural district hospitals are vital elements in the prehospital tier; given confidence and systematic
training, non-doctors may provide qualified trauma surgery. The research process also uncovered
noteworthy gaps of knowledge in trauma related matters: Western protocols for blood banking in poor
countries recommend inaccurate test for hepatitis screening of potential donors. And post-injury
malaria relapses, common after trauma and surgery in Falciparum-endemic areas, are neither recognized
nor studied by Western colleagues. After decades of trauma surgery in the war zones, the author finally
realized that devastating post-amputation pain breaks down the amputee and his family — despite
qualified surgery. Ground-breaking studies with the amputees in the minefields of Cambodia taught
us the solution: Community based mirror therapy, “the magic mirror,” said the participants. The author
advocates a participatory action research approach to break new ground for trauma care in low-resource
societies.
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Introduction

Trauma is the leading global cause of death in the age group 5 — 44 years. Poverty reigns where the epidemic
of trauma hits hardest, in societies caught in wars and natural catastrophes they did not ask for and cannot
get rid of. These are also the countries where maternal and neonatal mortality rates are highest, and hepatitis
endemic.#3* As doctor, it is my duty to help people survive. But to do something that helps makes a change
in under-privileged societies, | have to get in position to read and understand Their account of reality. That
is a challenging task for a privileged Western academic: Are outsiders able to understand the meaning of
war? Modern warfare is worse than we, the producers of smart explosives and drones can think of. The pain
and fear of children torn to pieces at home with the smell of mother’s boiling rice in their nostrils, is beyond
imagination. And it is even harder to understand the price of endurance these fellow human beings have to pay,
for there is not just one bomb, but many; not one massacre, but chronic atrocities. Or, consider the significance
of poverty: are we able to conceive that poverty is not simply lack of dollars? “Seen at a glance, by outsiders,
poverty appears to be a context, some sort of universal state: ‘They are poor’. Period. However, the study matter
presents itself differently if we see poverty as the denial of rights, as a condition constantly reproduced in a
process of rights claimed and rights denied. At any time, there is an army of powerless poor on the move inside
confined, narrow spaces defined for them by some powerful external agency."”®

Understanding is a prerequisite for reasonable action, and in an effort to grasp the dirty reality, | went to Beirut
during the 1982-war. | wanted to study the belly of the F16 fighter jets and listen to the sound of incoming
artillery, to study war from the point of view of the target. After two months’ trauma surgery at Palestinian trauma
centers in Beirut, my operating theatre team was gang raped, tortured, and killed inside our hospital by
Israeli soldiers and their Lebanese allies. Our patients were shot dead in the hospital beds. Beirut - 82 had
a deep and lasting effect on me. The outcome of surgery that summer was depressing with high rates of
post-operative infections and in-hospital deaths. Despite thousands being injured and killed, there are no
medical reports published. The agonizing memory of pseudomonas infections and the small of rotten garbage
aborted every attempt to assess and report my experiences scientifically.

Lesson learned: Having realized that the injured starts dying at the time of injury; having experienced that
surgery is difficult and even traumatic to the patient who is exsanguinated and exhausted from hours of pain;
and having realized that at least one patient had died on the way for everyone reaching the hospital alive —
| left the operating theatre. All those dying on their way to me, even if | never met with them, they were still
my patients. And | was their doctor. | felt obliged to investigate what was going on out there and started a
life-long exploratory journey on blood tracks in the rural South.

Methodological platform: Participatory action research

Action research is an established methodology in medical research, particularly useful in exploration of
unknown territories of human endeavor.®’ The basic steps in action research studies are: (1) Identify the study
problem; (2) set up a plan for action; (3) observe and register action outcomes; (4) reflect on the findings in
order to enhance further action. Action research is not done in delimited interventions where a predefined
hypothesis is tested and validated; the research process rather constitutes a chain of knowledge-building
involvements and continuous reflection, transforming both the participants and their social practice.

The study problem derived from the Beirut experience was clear: To better understand poor trauma victims’
way to death in order to prevent avoidable fatalities and morbidities. To me, and most Western trauma surgeons,
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these tracks of blood were unknown territory. And then there is no other way than learning from the locals.
Pablo Freire, the Brazilian philosopher who set the ground for participatory action research, writes: “One cannot
expect positive results from an educational or political action program which fails to respect the particular view
of the world held by the people. Such a program constitutes cultural invasion, good intentions notwithstanding."®

The standards for documentation in action research is as strict as the requirements in traditional positivist
interventions. This implies that the dialogs between the external expert and the local care providers when they
share horizons of knowledge to design the intervention and implement it, constitute essential research data
which must be documented and published. Observations and photo documentation are indispensable data
proving the factual interventions done and also the educational process for the actors. Research ethics require
careful documentation of methods and outcomes in any medical intervention, so also in action research.
Hence our research teams in Afghanistan, North Iraq, and Southeast Asia have published extensively in
international peer reviewed journals.

The aim of this article is to illustrate a 40-years’ scientific exploratory journey in the rural South, sharing with
the readers qualitative and quantitative findings relevant for trauma care advance.

Riding with the mujahedins

After Beirut | stayed with the Afghans resisting the Soviet occupation, the mujahedins. The resistance movement
besieged the city of Jalalabad from 1987 to -92. Our clinic was close to the battlefield a few kilometres East of
Jalalabad, just out of reach of Soviet artillery. The Bin Laden guys had dug in behind us, we were at the front.
Every day and night the pickups brought in wounded fighters, some wrapped in canvas, remnants of live bodies.
Some covered in blood and mud, still alive, carefully supported by exhausted comrades. The Pieta, | thought
—the Virgin Mary prudently carrying her dead son. The fighter jets were the worst. The weak, hardly audible
sound of MIGs steadily chased us under the stone bridge. Three times they nearly fixed us. Talking over wounds
and cups of tea was always soft, with intervals between sentences — to be able to hear the jets in time. One
surgeon alone cannot manage a mass casualty, so every day | lectured brave nurses and medics in trauma
physiology and damage control-skills. The idea of “The Village University” (see below) was born in the shelters
at the Jalalabad front. Because all teaching manuals in trauma care are written in sophisticated phrasing and with
abstract sectional illustrations of anatomy, inconceivable for half-illiterate farmers — | had to write up a new one.®

Fig. 1: The author teaching at the Jalalabad front.
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Based on the assumption that simple things done early save lives, the teaching protocol at the Jalalabad
front was unpretentious: Side position and pharynx tubes for airways; ketamine in sub-anesthetic doses for
pain relief, half-sitting position, chest tubes, and naso-gastric decompression for breathing; control of bleeding
limbs by manual compression of the main proximal artery — deep gauze-packing of the wounds — and long
tight elastic bandage. Far too often have we seen that improvised tourniquets are inefficient; in a well-built
fighter they cannot compress the deep femoral or the posterior tibial artery.*°

Fig. 2: Blood on the ground is lost forever

Blood loss is a main killer. Even in the tropics cold blood bleeds more.* Post-injury hypothermia at Jalalabad
was prevented by removal of wet clothes, wrapping in wool blankets, and bottles of warm water in the armpits
and groin.

| learned the strategy of ‘damage control surgery’ at the Jalalabad front — not from Western professors, but
from medic Wares: Invasive surgery on a trauma victim in severe post-injury stress acts as a double-hit and
may be fatal. This approach was later developed and refined by leading Western trauma surgeons.? Late one
night a 4WD pick-up brought in a young man, he was injured that morning at the Kabul front, multiple mortar
shrapnels to the pelvis, a cold left limb. After 18 hours off-road in the pick-up he was pale, fragile, and cold
- but still alive. “He's lost a lot of blood, | must pack the pelvic cavity to control the bleeds,” | told the team.
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“He is too weak, Hassan Khan,” Wares complained. “He cannot take more distress; surgery how will kill him."”
Wares ordered a goat from the village slaughtered, we packed the patient inside the warm and bloody skin,
the medics went on shift with continuous manual compression of the abdominal aorta to reduce pelvic
hemorrhage; we provided central heating by flushing 40°C saline in and out of the urinary bladder, and started
warm |V infusions to get the blood pressure up to 90 mm (one liter of room-temperate saline holds 40°C
after 10 minutes in boiled water, and 90 mm is enough for perfusion of the central organs). The next morning,
we could open the abdomen, clamp the external iliac artery (in fit, young persons the leg will survive on
collateral circulation), gauze-pack the entire pelvic cavity — and transfer the boy cross-border to Peshawar.
Today he is fine, a grandfather of six.

The Jalalabad protocol worked. For four years we evacuated 3,890 war casualties from the front, through
our clinic, across the Khyber Pass, to the surgical centers in Pakistan — a route of 4-6 hours, often under fire.
During the first two years when just basic life support was provided, the mortality rate was 26 %. During
1991-92, the prehospital life support included airway cutdown (cricothyrotomy), chest tube placements, and
damage control of abdominal bleeds by gauze packing — advanced measures which took the fatality rate
down to 13.6% (95% CI for difference 9.7-15.4%).%3

Fig. 3: Mass casualty, medics Assad and Wates placing the chest tube.
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But it was a tough study mission: We were well into the June offensive of 1991, and about to make a break-
through at the front. The mood in the team was great, the guys bathing in the canal, waiting for more patients.
Then MIGs in the air, we could hear the hurried chatter of the pilots on the FM radio: “We're going for the
Khogianies, let's take Zershad.” The Khogiany tribe in the Black Mountains has always meant trouble to the
kings in Kabul and been targeted by warlords. So, we had all surgical tools boiled and sat waiting for the
Khogianies. Two hours later the pickups from Zershad started coming in — first with bloody children and their
mothers, then more and more cars with wounded mujahedins, finally came the donkeys with chunks of
bodies wrapped up in plastic. For three hours we debrided wounds and controlled bleeds; damage control
surgery was our profession. The stock of antibiotics and pain killers was empty by the time the last ambulance
left packed with patients for the Khyber Pass and the hospitals in Peshawar. Exhausted and happy we
embraced each other and praised Allah while the dogs were sniffing at empty IV bags and bloody dressings.
Job well done, brothers!

Then | saw him. In the shadows under the trees, a small boy sitting alone, silent. Pale, struggling for air like a
hunting dog. Flaring nostrils. Big fearful eyes. Not a word. | cried out, “Damn it man, his lung is blasted!” Grabbed
a large bore syringe, pushed it through the chest wall just above the heart. He collapsed in my arms, his breathing
improving as air whistled through the needle. The boy whispered, “teshokor tabibi, thanks doctor.” With Assad
| jumped on a motorbike and rushed for the border, the skinny boy in my arms. At Khyber we caught up with
the ambulance. When Assad carried the boy over to the paramedic, | started vomiting. Shame on me, the
one who always told the team: “Chase off the noisy ones, look around for the silent cases, they are the ones
dying!” Assad saw me vomit and said, “Doctor, you've had enough, it's time for rest.”

No, not yet brother.

The obligation of sharing knowledge: The Village University

The results from the Jalalabad intervention had to be tested scientifically before we could share it with other
colleagues struggling with the epidemic of trauma. But where to find a good testing ground, and how to do?
We consulted Rae McGrath, the ex-soldier in the British army who went ‘humanitarian’, founded the Ban
Landmine Campaign, and got the 1997-Nobel Peace Prize for his efforts.

- Rae, where are the world's worst mine fields?

- There is one in North Iraq along the Iranian border, left over from the 1980-88 war which we asked Saddam to
wage on the mullahs. And you will find one — even worse — in Northwestern Cambodia, a legacy from the Khmer
resistance 1978 to -94 against the Vietnamese invasion. But be careful, mate — never stop roadside to pee.

Thus, the study areas were defined. The prehospital management of landmine injuries would be our tracer
outcome indicator in a scientific intervention. In cooperation with the local health authorities, we selected
three densely mined rural districts in each of the two countries as catchments areas. Here, mine injuries were
common, most mine fields were nether mapped nor marked; in some villages one quarter of the farmers had
suffered amputations. A careful pre-intervention survey in Kurdistan and Cambodia in 1996 came out with
an approximate mortality rate after mine accidents at 40%.

But how to get the Jalalabad-message across, and build sustainable coping capacity? External humanitarian
interventions in low-income countries may not be beneficial for the recipient. Despite good intentions,
careless cross-cultural implants of Western systems in societies of different culture may fragment existing
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infrastructures and promote dependence.® Pablo Freire warns us: "'Liberating education consists in acts of
cognition, not transferals of information.**® The new teaching curriculum could obviously not be a copy-paste
of the Western academic protocol, but an innovative one, respectfully built on the lessons from Jalalabad, all
| had learned with the Afghan medics. For this purpose, we developed “The Village University”, a new teaching
and training model.*® Twenty-two village health care workers were selected from each target area for a three-
year training program, starting in 1996.

THE TEACHING CONCEPT OF THE VILLAGE UNIVERSITY RESTS UPON FREIRE’'S PRINCIPLES:

Confidence.: We all learn better when feeling confident and at home. The «Village University» is located
inside the minefields. The students should live and work permanently inside the target area; they should have
hands-on experience with land mine casualties, have high moral standing and be trusted by the local community.

Not copy but understand: The pathophysiology of trauma is taught with focus on cellular hypoxia. The guideline
throughout the training is to understand and read by clinical signs how «oxygen starvation» develops and
how it can be prevented.

Problem shooting.: Most mine victims have multiple injuries. Strict treatment protocols do not work in a chaotic
and dangerous field setting with minimum equipment. Start with a systematic first survey, see/hear/feel the
clinical signs of oxygen starvation by examining airways, breathing and circulation; identify the main problem;
solve that problem; examine again, identify the next main problem, take action, and so on.

Learning by doing: Lectures constitute not more than 25% of the course, and practice should always follow
classroom sessions. All students present their experiences with trauma victims in daily plenary sessions,
case stories that are carefully discussed and evaluated.

The first round at the Village University was conducted from 1996 — 1999: Three 150 hours’ intensive courses
with 3-months’ working periods in-between. In each country the local project leader had carefully selected 22
medics for training, a few of them nurses or ‘village doctors’, but most of them teachers or farmers.

o Course 1, basic life support: Positioning, pharynx tubes, naso-gastric decompression, pain relief (ketamine),
control of limb bleeds by compression-packing-elastic bandaging, hypothermia prevention, IV volume
treatment including cannulation of the external jugular vein. Each student took a backpack home —
pirate copy of the US Army Thomas pack — with the tools she/he now knew how to use.

o Now, go home and train one hundred villagers: Most mine injuries happen far from health centers,
and the first minutes count. Hence, we encouraged the students to build local networks of first responders
around each paramedic to (1) reduce the response time from injury to the first skilled help in-field; (2)
anchor knowledge and capability of treatment in the local community, and (3) give the students
experience and confidence as teachers. During their working periods between each training course
the students themselves should train scores of ‘village first responders’ in their home area: Two-days
courses in basic first aid followed by a one-day rehearsal training after 6 months. The trainees at village
level should preferably be 1/3 men, 1/3 women, and 1/3 children aged 12 or older. Bleeding is the main
killer, so most village first responders would get five rolls of high-quality elastic bandage in a bag to
always keep with them.

Medical Research Archives 8



Fig.4: Kurdish first-responders demonstrate how to control severe limb
bleeds without tourniquet.

Course 2, advanced life support: First, careful evaluations of trauma cases managed the previous
months by the students. Then, rehearsal of Course 1. Then, endotracheal intubation and airway suction
(mannequins), chest tube placement and surgical control of severe limb bleeds on animal models: The
animal (goat, stray dog, or goat) was given proficient anesthesia, and injured according to teaching

purposes. The backpacks were filled up according to the new skills.
e Go home and train a few hundred more villagers!

e Course 3, damage control surgery: After evaluation of the student’ case stories, and rehearsal of
Course 1 and 2, damage control surgery in abdominal and pelvic injuries (live animals under anesthesia).
The backpacks would now be armed accordingly.

Then certification — and keep on training villagers!
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There were no dropouts during this 3-year intervention, and in 1999, 44 mine medics were certified at the
Village Universities in Cambodia and Kurdistan. From 1998 to 1999, this core group of mine medics trained
a total of 2,800 village first responders.*

It works! The chain of survival

Sustainability was an important outcome indicator in the Village University intervention, that the new model
of prehospital life support thrived and expanded in the target areas. During the first period, 1996-99, the
instructor team was Norwegian — one trauma surgeon and two anesthesiologists. Then the locals took over,
in Kurdistan an experienced traumatologist, in Cambodia a veteran trauma nurse. By 2001 a total of 135 mine
medics and 5,200 village first responders trained and equipped at the Village Universities had managed
1,061 trauma victims, 90% of them injured in landmine accidents. Most previous studies of trauma system
effectiveness are based on trauma populations where prehospital transport times are short and the pre-
injury status of most trauma victims is fair. Our testing ground was different: The study population was poor,
suffering from endemic diseases and malnutrition. Pre-injury disease and nutritional status are factors that
affect the physiological capacity and have substantial impact on trauma mortality and morbidity. Where
evacuation times are long, persistent organ hypoperfusion with secondary reperfusion injury contributes to
further immune depression.

Study settings like this constitute a reality hard to conceive by outsiders. Hence, all students were equipped
with compact cameras and trained in photo documentation by a professional photographer.
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N

Fig. 6: 7his is their reality, hard to apprehend by outsiders. Photo by Khmer village medic.

The mine medics registered diagnosis, prehospital treatment and transit times, and physiological severity rating
on a chart. Anatomical severity scores and endpoint outcome (survival/death) was gathered at the referral hospital
by the local project heads. Despite long prehospital transit times (5-6 hours) and severe injuries (median Injury
Severity Score at 9), the mortality rate was reduced from 24% in 1997 to 9% in 2001. A total of 1,061 landmine
and gunshot victims were managed by the chain-of-survival systems in Cambodia and North Iraq.®

Fig. 7 Mortality rates by year, n = 1,061
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The Village University intervention also proved that simple things done early save life: There were significantly
less fatalities in the group of mine victims who had been initially managed by village first responders.t’

The Village University experience was groundbreaking and globally relevant. To share methods and gains we
made a 270-pages teaching manual “Save Lives Save Lives.” The pedagogy of the book is unique: To do
well, the health worker — be it a district hospital doctor or a trauma paramedic — must understand how a mine
explosion acts inside the leg and be confident and feel at home inside the human anatomy. All drawings made
for this manual was therefore tested by the Jalalabad medics: | could easily read by the face of a student if
an illustration made things clear.

Fig. 8: A blast amputation /s not just a bad wound, the main problem is the hidden injury caused
by the propagatin g pressure wave.

i
i

Fig. 9: Chest tube insertion, simple 3D illustrations of complex anatomy.
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The book’s key message is: The patient starts dying at the time of injury; carefully read the discrete signals of
oxygen starvation, and — anybody around him - take care of him at all times on the long way to the surgeon.
This is the chain-of-survival. The ‘Save Lives' book is now published in 14 language editions, which indicate
the applicability of the Village University model.*®

Non-doctors as trauma surgeons, car mechanic as instrument maker

Good prehospital trauma systems increase the load on referral hospitals, many who previously died on the
road now get to the district hospital alive — in poor physiological condition with severe injuries. Before the
Western embargo and war on Saddam, Iraq was a developed country with an excellent health system. In
Cambodia, however, the quality of trauma surgery in the district hospitals was inferior with high rates of
postoperative infections and in-hospital mortality. That is not a chain-of-survival deserving its name, so something
had to be done. | consulted a few senior colleagues to seek advice:

In Mozambique | sat with Fernando Vaz, the surgeon who had worked in the jungle with the anti-colonial
resistance and became minister of health after the victory in 1975.

- The district hospitals don’t work, Fernando, please advise me.

- Hans, we saw the same in y country; corrupt politicians never care about rural health. But you will always find
some good colleagues out there, maybe not doctors but nurses and medical assistants. Stay with them, trust
them and train them as we did — and you will make it.

Since 1995 Fernando and his crew carried out a national program at the rural district hospitals where medical
assistants with four years of prior formal medical education completed a comprehensive training program in
obstetric surgery. Using mortality and postoperative infection rate as results indicators in a study population
of 1,300 complicated deliveries, they could report that the district hospital care providers after completing
the training program, did as well as trained obstetricians at the university hospital.*®

In Cambodia my mentor was Choun Choenn, an old surgeon with Ph. D. from Sorbonn. Paris. Choenn had been
with the Khmer resistance in the 1970-ies, training paramedics advanced life support at makeshift hospitals
in the jungle; he became minister of health after the 1975 revolution. Teaching at a Village University course
in 2001, | accidently encountered one of his previous students, a humble nurse from a jungle health center.
When | told the trainees how to control femoral artery bleeds without tourniquet, this nurse raised his hand:

- Professor, | think it is better to anastomose the artery there and then.
- Are you really able to do that, brother?
- Of course, he said. | have done anastomosis with Choun Choenn several times, and a few on my own.

Choenn told me: “My son, if you don’t have what you need, use what you have. That goes for tools as well as
human resources. If | could make it, then you can.”

From 2002 to 2007 we conducted at training program at six rural district hospitals in Northwestern Cambodia.
The study hospitals were served with already established prehospital trauma systems (chains of survival).
The catchments area for this intervention has a population of approximately 1.5 million. The study hospitals
are located 100 - 150 km from the nearest urban surgical center. Local roads are in bad shape and referral to
the surgical center takes 2 — 4 hours during the dry season; in the rainy season most roads cannot at all take
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referrals by car. The majority of surgical care providers at Cambodia’s district hospitals are assistant medical
officers having just four years of formal medical training. Several had also studied surgery at makeshift jungle
hospitals in the 1970-ies under Choun Choenn. They were thus quite skillful in hands-on surgical techniques and
improvisations, but far from updated in damage control surgery and postoperative care. In five consecutive
150-hours’ courses we used live animals injured under ketamine anesthesia for training of surgical techniques,
pigs for chest and abdominal surgery, dogs and goats for skull and limb injury management. The animal model
was also used for pre- and per-operative anesthesia training.

And professor Choenn was right, we made a change: The pre-intervention group in the actual study included
109 patients and the treatment group 223 trauma patients. The control and treatment group were comparable,
70% penetrating injuries, median Injury Severity Score at 9, and prehospital transit times of 3 hours. The in-
hospital trauma fatality rate was low in both populations and not significantly affected by the teaching
intervention. However, level of post-operative infections was reduced from 22.0% to 10.3% (95% confidence
interval for difference 2.8-20.2%).°

One case story may be illustrative: Just after “surgeon” Gia Phan left the fourth District Hospital training course,
a badly injured patient was admitted to his hospital. A bulldozer had hit an anti-tank mine roadside, and the
machine driver was torn up by metal fragments. “First | went for the abdomen,” Gia Phan told me.” It was a
big liver tear but not bleeding that much. | remember you told us that liver wounds stop bleeding when the
blood pressure gets low. So, | sutured the liver exactly as we did on the pig and packed the entire upper right
quadrant with large gauze packs. He got warm infusions and oxygen during the night and when | opened
the belly the next day, everything was fine. Simple as that.”

One driver for the high rates of postoperative infections in Cambodia was mismanagement of limb injuries.
Stabilizing open fractures by plates-and-screw or any other internal fixation means asking for trouble. When
in the jungle, dr. Choenn used the ‘Trueta’ method for open limb fractures: During the Spanish revolution
1936-37 the renowned British surgeon Sir Josep Trueta after meticulous debridement of the soft tissue
wounds immobilized all gunshot fractures in long plaster casts; the gypsum sucked blood and fluids from the
fracture wounds; “after three weeks the smell was unbearable,” Trueta writes in his memoirs. “But when | removed
the cast after two months, the fractures had healed without infection.”? The Trueta method did not comply
with public Cambodian treatment guidelines. Then the solution is obvious: External fixation. However, the
unit price for a proper external fixator set is 700 US$, beyond the reach for most district hospital in the South.

- Do you know of any skilled mechanic, | mean skillful beyond normal? | asked Heng, the Khmer project managetr.

- There is a famous one in Sompouv Lun, Sit s his name, Heng said. He can make any car or tractor young again.

/ showed Sit the first-generation Hoffmann fixator set. He studied it carefully.
- Can you make copies of this, Sit?
- Of course, doctor.

We got the lathe and drill Sit asked for, found high-quality carbon steel in Bangkok, tested the metal quality
at a European metallurgic institute — and started to produce improved copies of Hoffman-1. Cambodian unit
price 75 US$.
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Fig. 10: The tractor mechanic making surgical tools

In 2011 Sit told us: Ready to go! | asked Nenad Tajsic to join the instructor team; Nenad is one of Europe’s
best trauma surgeons, experienced from the Balkan wars, trained in plastic-orthopedic limb salvage surgery
in China and Singapore. With Nenad, we carried out a study of advanced limb salvage from 2011 to 2017: A
total of 56 patients with Gustilo-Anderson Type IlIA and Type IlI-B open tibia fractures were included for study,
all of them cases with infection, soft tissue loss, and non-union. We focused the training efforts on the three
most skillful Village University students, two doctors and one paramedic. The primary success rate in open tibia
fractures was 64%. The average treatment time to complete healing was 40 weeks. Some patients had to undergo
repeated interventions: In fifteen patients reconstruction with soft tissue flaps, and due to non-union fifteen
bone grafting operations. All 56 study patients regained limb salvage and could go back to work.?* 23

Fig. 11: Lesson learned: If you trust them and let them, non-doctors can make great things.
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Blood-banking where hidden corruption and occult hepatitis are endemic

With improved prehospital care, those who previously died on the road now makes it to the district hospital.
There may be trained trauma doctors waiting for them there, but in exsanguinated patients skilled hands are
not enough: In many cases blood transfusions are vital for successful damage control surgery. In Cambodia
there were two options: To get blood packs from the big city blood banks, or to build rural blood banks at the
district hospitals as part of the chain-of-survival. Which way to go was soon to become obvious: Field studies
and informal queries to city-based colleagues revealed a blooming dirty market around many of the central
blood banks in Asia, poverty pushing poor families to sell blood weekly. We met with some of these “donors”,
and they told there are brokers inside the hospitals advertising discretely for donations, donor screening
does not exist, and the payment is lousy. So, option one was out.

Option two, we had to build a trustworthy rural blood service - but: Is it at all achievable to identify enough
clean donors in communities where blood-borne diseases are endemic? Malaria is the least problem, the
care providers at rural health centers in Southeast Asia are experts in diagnosing blood smears for malaria.
The Hepatitis B virus infection (HBV) represents the main challenge: HBV is the most common transfusion
transmitted infection globally. Around 400 million people worldwide are estimated to be chronically infected
with HBV, 75% of them are living in Asia.?* The risk of doing wrong - infecting a patient with a life-threatening
disease by “life-saving” transfusion — depends on three factors: The hepatitis prevalence among potential
donors, the screening test accuracy, and the immune capacity of the recipient.

Again, there is no other way than careful studies of the local reality: The prevalence rates in our catchments
area were estimated on samples collected from 1,200 potential blood donors in rural Cambodia, analyzed
by ELISA technique (Enzyme-Linked Immunosorbent Assay) at a Norwegian university hospital. We found that
8% of the participants carried active HBV disease (antigen positive) and as many as 59% were carriers of “Occult
Hepatitis B Infection” (OBI), a condition where the DNA traces of the virus are still present even if HBV antibodies
cannot be detected.? The infectivity of OBl is not clear, but there are numerous reports of HBV transmission
from OBI blood donors. In most Western countries OBI prohibits donation. However, due to limited resources
and the potential exclusion of too many blood donors, this routine is seldom practiced in countries where
HBV infections are endemic. Due to poor immune capacity in the recipient — as is often the case where
poverty hits hard, and definitely so in landmine victims exhausted after protracted evacuations — we had
reasons to suspect that the OBI infectivity would be considerable in our study area, probably as high as 10%.

How to identify the potential OBI cases in the rural South? Use dipstick rapid tests, easy and accurate, said
WHO and the big pharma companies. Too good to be true? We checked the accuracy of rapid tests for detection
of active HBV (HBsAg), OBI, and Hepatitis C antibodies (anti-HCV) in 1,200 potential blood donors in rural
Cambodia and in Vietnam. The rapid tests’ performance was compared to the “golden standard” set by enzyme
immunoassay (EIA) tests done in Norway. The rapid tests’ specificity was reasonable and as good as claimed
by the producer. But in donor screening the false-negative rate is of particular interest, and we found the rapidest
sensitivity dangerously poor: 87% for active HBV disease, 86% for OBI, and 76% sensitivity for detection of
anti-HCV. This means that one of five anti-HCV positive donors would be missed if we followed established
recommended “evidence-based guidelines.”?® There were large variations in test performance between the two
countries, especially for HBV detection. This is so because the sensitivity of HBSAg assays is genotype dependent;
tests developed on populations where genotype A is predominant as in Western countries, may be inaccurate
in populations of genotype B and C as in Asia. Maybe WHO and the producers should have mentioned that?
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Lessons learned: “Universal” medical guidelines are not automatically universal; they may fit Western
scenarios — but not the minefields in Southeast Asia. And the marketing campaigns of Big Pharma do not
necessarily build on scientific standards. The Nucleic Acid Amplification (NAT) technology has greatly enhanced
accuracy of OBI identification of OBI cases; NAT negative individuals are considered safe blood donors.
However, NAT testing is expensive and hardly feasible where resources are scarce. In the long run public
vaccination campaigns will reduce the hepatitis endemicity — if they get funding and gets done, but that is
in the long run. As by now, the trauma care providers at the district hospitals must do their best without fresh
blood transfusion at hand. The more urgent is the prehospital control and prevention of traumatic exsanguination.

Where the epidemic of trauma hits hard, there is malaria

The jungle is a good place for learning; slow talks in the hammock at night often reveal new knowledge. |
stayed with the veteran Red Khmer-medic Ses Sarim in his home village in Samlout, the base area for the
Cambodian resistance movement, talking about old days.

- We could make any sort of surgery, Sarim said. Choun Choenn was such a good teacher. But the malaria,
Hans, the malaria disturbed everything.

- What do you mean, didn’t you have mosquito nets or repellants?

- No, not like that, brother. You know, there are parasites hiding in the liver, and after injury the Falciparum woke
up and broke our patients down. Those with malaria got postoperative infections and the wounds didn’t heal.

Half a billion persons are living in malaria endemic areas around the globe, areas also hit by wars, natural
disasters, and poverty. Still, after twenty years on the blood tracks in the South, this was the first time | heard
about post-injury malaria. Maybe because researchers and knowledge centers are city-based, and the
Anopheles mosquito — the malaria parasite carrier — dislikes paved streets and proper sewage systems. This
parasite thrives in the forests, in marsh and paddy fields, where poor people are living — and where there are
few academics. Guided by Sarim, we did a qualitative study in the malaria-infested areas along the Cambodian-
Thai border. Eighteen local care providers with a history of trauma surgery were interviewed regarding their
experiences with postinjury malaria. They confirmed that postinjury malaria was a well-known complication
to trauma and surgery. The complication is more common in severe as compared to moderate trauma, they
said. The complication adversely affects the general condition of trauma patients, increases the risk of bacterial
wound infections, and delays postoperative recovery. The informants drew exclusively on personal clinical
experience, asserting that postinjury malaria is not taught at local medical schools — except from Choun Choenn’s
lessons at the jungle hospitals during the revolution.?”

In the library databases few studies are reported on postinjury malaria, all of them case reports or studies on
small samples. Is seems to be a huge gap of knowledge here, probably an important one. What we do know
is that the malaria may be ‘hidden’: In malaria-endemic areas where people are repeatedly infected all year
round (stable transmission), asymptomatic malaria infections are common after childhood due to acquired
low-grade immunity to the parasites — among the lucky ones surviving the first three years of life. Carrying the
Plasmodium parasite in the liver is risky: Falciparum relapses are associated with endothelial injury, sequestration
of damaged erythrocytes in the capillary beds of most organs, leukocyte infiltration into ischemic tissues,
and activation of the coagulation cascade. Could it be that the immune depression secondary to a severe
injury plus the physiological stress triggered by extensive surgery activates the ‘sleeping foe’, as Sarim said?
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In 1998-2000 we examined post-injury malaria in 342 land mine and war victims from malaria endemic areas
in Cambodia, all of them undergoing definitive surgery at a competent surgical center in the provincial capital.
The rate of postoperative malaria relapses was 33%, most relapses occurring within two days post-injury. Three
factors predicted the risk of post-injury malaria: The patients’ area of origin, i.e., the degree of endemicity
is a risk factor. The risk also increases with increasing injury severity: relapses occurred in 22% of patients with
light injuries (ISS 5 or less), while the incidence rate in patients with severe injuries (ISS 15 or higher) was 40%.

Fig. 12. Post-injury malaria incidence by injury severity and malaria endemicity
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The graph illustrates injury severity as risk factor for post-injury malaria relapse, populations
from high-endemic (marked line) and low-endemic areas (light line) compared. The
vertical bars express 95% confidence intervals for the estimates.

Not surprisingly we found that the duration of the surgical operation also was a significant risk factor: In
patients with operation times less than one hour, the incidence rate was 20.4% as compared to 51.2% after
surgery of more than 2.5 hours.? This corresponds nicely with the experiences from the Jalalabad front:
Extensive surgery after a severe injury may act as a ‘second hit’ by amplifying the post-injury derangement
caused by the initial trauma.

Lessons learned: Firstly, at least one of three trauma victims in malaria endemic areas develops post-operative
Falciparum relapse. Worldwide that makes thousands of patients every year. Yet, this health problem is
obviously not considered relevant for scientific study. Why is that? Secondly, to reduce the risk of Falciparum
relapses trauma surgeons in malaria endemic areas should be guided by the ‘damage control’ philosophy:
staged surgery with brief primary interventions in severe cases.*?
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The bigheaded surgeon and the magic mirror

When the printer delivered the graph demonstrating the outcome of the chain-of-survival intervention, a
significant reduction in trauma mortality by year (figure 7), | was proud. “I am a life saver,” | said to myself, and
to audiences at a lot of international conferences. Then Heng, the head of the Cambodian research team,
called me:

- Hans, what can we do for the amputees, they all suffer severe pain day and night?
- Give them painkillers, brother.
- We do, but it does not bite on them. Some of them have even killed themselves.

Fatal chronic postop pain? That was a buckshot to a doctor judging surgical performances by nice postoperative
X-ray photos, who gladly forgot his patients once they left hospital alive and without infection.

Around that time Heng got a visitor; a big sunburned Canadian had bicycled from Phnom Penh to Battambang
and asked his way to Trauma Care Foundation Cambodia.

- | hear you are experts on landmine injuries, he said.

Heng agreed — and then realized that the guy was wearing a below-knee prosthesis. And on the bicycle’s
cargo board was a heap of plexiglass mirrors, one meter long.

- [ lost my leg in a traffic accident three years ago, the Canadian said. And got phantom pain so bad that /
was about to commit suicide. Whiskey was the only medicine that worked, but only if | kept drinking. By
accident | met an Indian guy in a pub, a physio. I told him my story, and he asked me to see him in his clinic
the next week. “I'll fix this pain problem for you,” he said. And he was right, two weeks later the pain was
gone — with mirror treatment. Please Heng, take me to the mine amputees, that's why | came all the way to
Cambodlia and to you.

Heng took his new friend to one village in Samlout where a quarter of the farmers are amputees. Not much
happens in aremote village, and it was great event to see a half-naked one-legged Canadian demonstrating
how to do mirror therapy at the marketplace. Most locals giggled and claimed this was some sort of witchcraft.
But five of them took a mirror back home for practice. Two weeks later nobody laughed; all amputees asked
for a mirror.

To find out if the mirror really was a life-changer, we conducted in 2015 a randomized controlled clinical trial
in the area visited by the Canadian: 45 farmers with below knee landmine amputation were included for
study, 15 participants used mirror treatment each morning and night for four weeks, 15 used tactile therapy
applying sensory stimuli to the stump, and 15 used both mirror and tactile therapy. In all three treatment groups
the participants reported more than 50% reduction in visual analogue scale-rated pain.*

Rumors about the 2015-study rapidly spread by the jungle telegraph in the minefields along the Cambodian-
Thai border, numerous amputees wanted to try this novel treatment. And from2021-24 Therefore a large-
scale campaign of mirror therapy was conducted in the minefields along the border. The people living in
the catchments area have experienced war and mine explosions since the 1970-ies. The three mirror therapy
instructors are native to this social context, having lived and worked in the war zones and mine fields along
the border for 30 years. The participants were gathered in groups of 5 — 20 in the nearest commune centre.
From January 2021 to May 2025 a total of 1.600 upper or lower limb amputees took part in the intervention.
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Welcome, sisters and brothers!

The gatherings start in a warm and friendly manner, the instructors sharing their personal experience with
poverty, wars, and pain, and inviting the participants to also share their stories. Then pain education starts
aiming at an open and active question-answer dialogue:

Why does the mirror work? Also for us, this is unbelievable, firstly we thought this was a foolish effort. However,
to understand it we must consider how the brain works. We should keep in mind that the brain is desperate
and confused, it cannot find the leg or the arm anymore, the limb has become like a ghost, communication
impossible. But look here, when | am using the mirror and concentrate deeply on the image in the mirror, |
am cheating the brain to believe that things are back to normal. Then the brain slowly settles down, less stress,
less pain. Should we make a try?

Then the participants estimate the severity of their limb pain on a Visual Analogue Scale (VAS), ratings from
0 (no pain) to 10 (maximum pain). They are asked to rate the total limb pain, stump pain as well as contractions,
itching, and pain in the phantom, all in one.

Then the practical instruction: The mirrors are made of plastic, portable, and sturdy. They are built at a local
workshop, unit cost 8 USD. The three teachers instruct each participant hands-on: Slow flexion-extension
movements in the wrist/ankle, full concentration is emphasized, the light must be ample, and nobody should
disturb at the site of treatment — without focus, no effect. The treatment should be done for five full minutes
morning and evening for four weeks.

Fig. 13: The village-based campaign of mirror therapy, first session.
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The participants are invited to a follow-up session one month later. Here the second VAS pain rating is done.
Treatment effect is estimated by the difference between the first and second VAS rating, a reduction by less
than 50% being defined as non-response. At the second encounter the participants also informally share their
experience with the mirror treatment with each other and with the instructors. Participants not attending the
follow-up session are regarded as drop-out cases.

Most participants had below-knee amputation (75%), 16% had above-knee and 7% upper limb amputations.
The majority reported severe pain problems before treatment with mean self-rated pain score at 8.0 (0 means
no pain, 10 maximum pain). The mean VAS score after 4 weeks of treatment was 1.3. This represents a pain
reduction > 80%. There were just 16 non-responders among the 1,600 participants.®

Fig. 14. Distribution of treatment effect, n = 1,600
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Distribution of treatment effect, defined as the % reduction in Visual Analogue Scale rated pain before and
after treatment. The figures on top of each column represent patient counts.

The treatment effect in the village campaign was considerably higher than results reported in Western studies.
Most participants were excited at the point of control, many said, “this mirror is magic, it changed my life.”
One of them told us: “/ am proud of myself that as an amputee | am able to raise kids to the same level as
others in the community. Things have changed, two of my children are now teacher and police officer. We
feel able now, no feeling of shame or guilt. And most important: People respect us.”

There may be several reasons for the robust treatment effect in Cambodia. First, most other studies of mirror
therapy for stump and phantom limb pain have been done in high-resource settings, patients treated in
centralized centres by white-coat experts they do not know. We believe that closeness and confidence between
caregivers and patients are important healing factors. In the Cambodian campaign the instructors were inborn
to the participants’ cultural context. They all know too well the burden of war, landmines, and poverty. Most
participants thus came to regard the instructors as an extended part of their family, as ‘sisters’ and ‘brothers’. Also,
we do believe that the poverty factor makes a difference. When you do not know how to feed your children the
next day, it becomes a life-or-death question to become able and bring income to the household again. The
participants’ motivation and hope for relief by a ‘magic mirror’ is hence very strong.
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Lessons learned: Where medical resources are minimal, the mirror treatment can easily be provided by non-
doctors. The actual model of community-based treatment should therefore be applicable in most low-resource
societies ravaged by wars and natural catastrophes.

Conclusions

Where resources are scarce, far too many trauma victims die before reaching qualified treatment. The reported
interventions in the rural South document that a chain of survival built by trained non-doctors saves lives.
The coverage of the Village University teaching manual in fourteen languages indicate that new and important
knowledge has been gained in our studies.*®

An important lesson learned during the research process is that knowledge is situated. In many cases, so-
called “gaps of knowledge” proved to be our gaps, medical insight not apprehended by Westerners: The author
was instructed in surgical damage control strategies by Pashtun medics way before this philosophy was established
as a golden standard in the West. It was an army of lay first-responders in North Iraq who documented that
simple things done early, reduces trauma mortality. And it was trauma care providers in the Cambodian jungle
who knew the problems of post-injury malaria, the Western academic data bases were empty. This implies that,
at least sometimes, one must leave the safe zones of established knowledge and enter unexplored territory
to get to a better understanding.

The benefit of action research as applied during our explorative journey is that this strategy requires a mutual
respectful dialogue between researcher and participant in defining the study problem as well as finding the path
to solution. The trouble is that the research team by sharing their findings often must take on the responsibility
as critical agents for change: Why don’t you stop the dirty blood banking? Why do you recommend unsafe
rapid tests for blood donor screening? Why spend thousands on expensive imports when a tractor mechanic
can make the instruments for a handful dollars? According to the relentless critic of lazy mainstream research,
Edward Said, it is a privilege to work outside the constraints of academic bastions claiming copyright on
knowledge: “Exile for the intellectual in this metaphysical sense is restlessness, movement, constantly being
unsettled, and unsettling others."”3!
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