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Abstract

Trauma including neurotrauma is one of the major killers in the world. The health infrastructure in developing countries has
a huge disparity, with super specialist care confined to big cities only. Adding to this problem is factors like poverty, poor
road condition and no organised emergency evacuation system. The utopian scenario where specialist and infrastructure are
made available in every village is a distant dream. So at present, the most feasible and cost-effective way to prevent death
due to neurotrauma in rural and remote setting is putting the general surgeon working in remote area at the forefront. Our
study is an effort in this direction and is reporting operative management of patients with neurotrauma in remote high-altitude
Ladakh. So today, the need of hour is continuing skill enhancement training for capacity building of rural surgeon, where
they are trained to do burr hole and craniotomy for reducing mortality and morbidity from neurotrauma.
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Introduction

Traumatic brain injuries are a leading cause of morbid-
ity, mortality, disability and socioeconomic losses in India
and developing countries [1]. However, two billion people
worldwide lack access to the basic surgical services and this
problem is compounded in case of specialised technology
necessary for neurosurgical procedure [2]. In India, it is esti-
mated that 800 million Indian living in rural and suburban
places have limited access to general neurosurgical services
as the centre of excellence for neurosurgical care is concen-
trated around cities [3]. So in such places, the resultant death
and residual disability in patients depend upon how quickly
and safely they are transported. But even evacuation is not
possible in some remote places like Ladakh.

Ladakh constitutes the easternmost trans-Himalayan
plateau state of India, bordering Pakistan and China. Truly
described as cold arid desert, the region is one of the cold-
est and most elevated inhabited regions of the world. It
is located at altitude ranging from 2800 to 4500 m above
sea level. The hostile terrain and climate keep its people
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landlocked from the rest of the world for nearly 6 months
(winters) of year because of heavy snowfall during winters
which renders the high mountain passes blocked for sur-
face transport. During this period, when evacuation failed
(for various reasons), the only way out was the general sur-
geon operating upon the cases of neurotrauma to save lives
and reduce disability. Our experience will motivate others
located in similar locations to endeavour at their end with the
available resources at their hand and save a life.

Patients and Method

This paper is a case series analysis of seven patients who had
traumatic head injury and were operated upon in Ladakh by
a general surgeon from November 2017 to November 2020.
In absence of a neurosurgeon and well-equipped ICU in the
entire Ladakh region, most of the patients requiring neuro-
surgical consultation are referred to Delhi (940 km away
from Leh) or Srinagar (435 km away) via commercial flight
and sometimes by road which takes a lot of precious time
period of the patient, depending upon the weather condition.

On many occasions, patients could not be evacuated for
various reasons like inclement weather, financial and logistic
issues and poor general condition, leading to refusal by air-
lines to board. So these patients were operated upon at Leh
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and Nubra itself. The operations were facilitated by guidance
provided by the neurosurgeons at AIIMS and a neurosur-
geon at SKIMS Kashmir through telecommunications (via
mobile phones). The objective of this study was to find out
the feasibility and the outcome of operating on neurotrauma
by general surgeon in remote places where the services of
neurosurgeon are not available.

Patient’s characteristics like age, sex, mechanism of
injury, time of presentation to hospital after trauma, alcohol
intake at the time of injury, associated injuries and comor-
bidities and reason for evacuation failure, type of neurosur-
gical procedure performed and place of surgery were evalu-
ated. The patients were then assessed for early (within 48 h)
and late (beyond 48 h) complications. Those cases which
presented as polytrauma with other life-threatening injuries
were not included. All the cases have been operated by the
author at various places depending upon her place of post-
ing. One case was operated at an army hospital when army
evacuation failed.

Results and Observation

Leh district has a population of 1.33 lakhs. Annually, an
average of 10 patients are referred to tertiary care centre
outside Leh from the only district hospital for neurosurgical
consultation outside the region. Therefore, considering the
small population size of the district, the neurological case
series of 7 people that too operated upon by a general sur-
geon thus become imperative.

Clinical Profile of Patient

The patients included in this study were in the age group
of 33-77 years. All patients were male. Five out of seven
patient sustained injuries due to fall, and only two patients
were injured in road traffic accident. In our study, 4 out of 7
patients had extradural haematoma, 2 had chronic subdural
haematoma and one patient had acute subdural haematoma.
Out of the seven, three patients had haematoma confined to
the frontotemporal region, two had haematoma confined to
frontotemporoparietal region and 2 patient had haematoma
in the temporoparietal region. Alcohol intoxication at the
time of injury was seen in three out of seven patients, with
one of them being a case of alcohol-induced liver disease
(Table 1).

Ladakh being geographically vast area with sparse
population density and high passes, absence of an emer-
gency evacuation system adds to the woes. In our case,
only 2 patients reached within 1 h of trauma. One of them
(Patient 2) took 2 weeks, only to reach Leh. Such delay
increases secondary brain damage worsening the outcome
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(Table 1). Most of the patients of road traffic accident have
associated injury and they present as polytrauma. Three
out of seven patients (Patients 3, 6 and 7) had associated
injuries. Patient 3 had left side haemopneumothorax, frac-
ture thoracic vertebrae T5 and T7 and fracture left ankle.
Patients 6 and 7 had fractured right clavicle and fractured
limbs.

Only one patient (Patient 4) had significant comorbidity
in the form of alcoholic liver disease and chronic active hep-
atitis B and was in status epilepticus at presentation which
could be either due to neurotrauma or due to chronic alcohol
abuse. He sustained a cardiac arrest on the table while trying
to achieve haemostasis on the table.

Glasgow coma score was assessed at the admission and
was used to follow up with the patient over the next 6 h.
Though in our case, only three patients reported within 1 h
of sustaining injury; in them, the GCS at arrival was 15/15
but showed a rapid deterioration in GCS score over the next
few hours so the need of repeated assessment cannot be
overemphasised especially if you are working in resource-
limited setting with limited staff and overburdened outpa-
tient department. Also in resource-limited setting, it is rather
advisable to shift the patient for NCCT after elapsed of few
hours rather than doing it immediately on arrival keeping in
view the dynamic nature of the head injury. Also in certain
situation as in Patient 4, exact GCS could not be assessed as
he was inebriated and was actively convulsing.

The surgeries were performed at government SNM hospi-
tal Leh and sub-district hospital Nubra under general anaes-
thesias. One patient was operated at an army field hospital
by the author after a failed evacuation.

Duly informed detailed consent was taken from the rela-
tives, which were duly countersigned by the medical super-
intendent and block medical office (Patient 5). For Patient
4, consent was given by the medical superintendent as he
was a vagabond.

The surgeries were performed using craniotomy set con-
sisting of Hudson brace, perforator, burrs, nibblers and Gigli
saw. Haemostatic agents like cellulose and gel foam were
not available in hospital supply, so at some place, they were
bought from the pharmacy outside the hospital in Leh while
in some places, like sub-district hospital, the operating sur-
geon procured it from her own pocket.

Two patients underwent burr hole evacuation of clot
for subdural haematoma. One of the patients underwent
craniectomy with evacuation of subdural clot and duraplasty
using the temporalis fascia. For the remaining four patients
with extradural haematoma, one patient had cardiac arrest
on table while the other two underwent craniectomy with
evacuation of clot and dural hitching. One of them (Patient
7) underwent craniotomy with elevation of depressed frag-
ment, evacuation of clot and ligation of middle meningeal
artery and dural hitching (Table 1, Fig. 1).



473

Indian Journal of Surgery (June 2022) 84(3):471-476

amssaxd Aemire aanisod
SNONUNUOd JVJD ‘UONB[NUIA AIOJEPULRLU JUSNIWINUI PISIUOIYIUAS AS ‘Sisoquiory) snouda dodp fA@ ‘IopIosip 2AIs[ndwod 9A1ss9sqo DO ‘Aep aanerodoysod qOd TeIde[enuod /) e
-tredorodwoy g7 ‘rererredorodwaiojuoly 474 ‘rerodwaiojuoy 7.4 ‘191 7 W31 1y ‘TeIdle[lq 77/g ‘PWOleWY [BINPRNXd [ (77 ‘BWOIRWRY [RINPANS L(JS ‘YUSPIOdE Jlyer) PROI Y1y :SUONRIAIQQY

[Tejmous

Suryoiry
[emg,oro jo
uonendeAa/aIny
-oe1j passaidop

uor3o1 [ezodwoy
mmoely passardo

JIoy9p 0} onp uone Jqe) JO uoneAQ[d uorSar 414 ueuLIIRYd
KIOSUQS JOJOW ON  -NOBAD JO 2In[Ie uo pajeqmxyg [ [ /AwojorueI) [eALLIR UO GT/$] Y/HQA 2moy 4 Z/ON/V.LY 0dd Qrew/9¢  / udned
er3ordruoy
Surgoiry /o pue CI/11
JoYIp umop Jqe) [eINp/UOTIENOBAD 0} pIjeIoLIRg uoigar Y 1/ON/P2Ys I21p[OS
KI0SUQs 10J0W ON ¥ooI ATAOD uo pajeqmixg IIN IIN JAwooorueI)  [RALIR UO GT/ST  dL W/HQH Anoy MOO WOIJ [[B]  PaIney ‘OeW/y/, 9 judned
¢dod uo
Juop Aur0)soayd Surpasiq
-e1) "skep G 10J pue Sutkip erosej sirerodwo)
quuIf Jomo| dvdD ‘skep 6 /UOTIEODISAP Sursn Kyserdernp ySu idnd
3J9] Ul J10yop 10 110ddns K10} [esoonw [BaYd uoneordwos JUOT)BNOBAD PoJe[Ip poxy uot3ar 411 Y 8 xoiddy
J1ojoul [eWIUIA puoqeSeA  -B[IUAA QAISBAU]  -BI)/39] Y] LA QRIPAWT ON JAwold91uRID) pue s1sold ‘G1/¥ N/HAS 2moy /SOA/AI0ISTYON  Inoqe[ ‘Qewy/Ge G Judned
aanisod SysgH
UOIJENOLAD 9SBASIP JOAI]
10} JueIoN|aI JIqe) 10[ JO uonen J1]0Y0d[B/UOITI Y €/S9k uoad
- JURpUINY UO pAIp JUSNEd  -OBAQ/AWOIOIUBID)  SSISSEJOU PINOD)  JL VI HAH Ay /SIEIS WOIJ [[e] paInal ‘Qewl/F9 Judned
ano
Joyop sKep pue uorssaidop Suryoyy uorar 1
K10suas/10j0W uipre Aq 10y JvdD/sAep onewner) 1504 [eINp/UOIIENIBAD ITSU< <d1d moy
ON "UOTEOIpW [esnjar ‘sjurens 10§ 130ddns ‘uoneordwos 7dod /KwojoaruRId JOIHAd  ue JleH/ON/eIod uer
serydksd ug -UOJ [RIOUBUL] JOJB[IUAA QAISBAU]  OLNeIYdAsdoInaN uo/padqey  opayAwojoruer) S1/ST T ANOY OO WOIJ [[B]  -LIO9[R QeW/HS ¢ Judned
erwoeyAokod
apmnye y3iy
noYop sonssI [eIouBUY Jqe) ‘uordar 14 19 skep $1/0N
KI0SUQs 10j0W ON pue onsiSo| uo pajeqmIxyg ouoN eruownaud dojsod oSeurerp djoy Ling S1/6 /HAS duoIy) /oSOy Wolj [[e  pewou ‘drewy/// g iusned
JYOp Ioyream AINIS uordar 14 I91p[OS
AIOSUQs J0J0W ON  JUSW[JUI 0} an(] Uo SINOY OM], QUON QuoN oSeurerp 9oy 1ng S1/S YI/HAS duory)  sAep ¢1/s9A/VLY  SulAles ‘Orewr/ge [ julned
Tendsoy 101ns1p
0) UOIJBNOBAD JO
o 9pIsIno (U gy 8y uonenp/Amfur jo
anuad Areniv) puokaq) pokeoq  UIYIIA) SJeIpowW] i dy) Je AeIul
0} 2In[Ie} UONE /31008 saniq [oyoore/Amnfur
QWodNQ  -NOBAD Jo uosedy 1ioddns Joje[nUSA uoneordwo) pouwioytod A1931ng BUWIOD MOSSE[D)  -Iowod/sIsouserq JO WISTUBYIIN 9[yoid sjuaneq juoned

Uo7 Je u0a3Ing uan) Aq paseuewr guoned Amfur peay apmn[e Y31y ur awodino pue [re1dp aanerado ‘[eomuro ‘omdeiSowaq | ajqel

pringer

a's



474

Indian Journal of Surgery (June 2022) 84(3):471-476

2020.11.24 20:28

Fig. 1 Operative photograph of frontotemporal craniotomy showing a
solid epidural haematoma with adjacent oozing dural surface, along
with clearly visible fracture lines

In the immediate postoperative period, Patient 3 developed
rebleed on the second postoperative day and had to undergo
redo surgery for evacuation of bleed. We got one of the most
gratifying results in Patient 5 who developed various postop-
erative complications. He was the first patient in the history of
the whole Ladakh to be on ventilator support for 9 days due to
which a tracheostomy was performed. Managing a tracheos-
tomy in arid region for a fortnight with zero humidity and no
air conditioning was a challenge in itself. Another challenge
in this case was absence of attendant, but the nursing staff
provided a commendable nursing care to him (Table 1).

We were able to manage most of the postoperative com-
plication successfully as six out of the seven patients are
doing well with minimal disability and are leading a mean-
ingful life till date and are under regular follow up (Table 1).

In all cases, the NCCT images were sent over WhatsApp
and discussed over mobile phone with professors of neu-
rosurgery at AIIMS and SKIMS Srinagar, who guided and
supported the author. However, internet services in Leh and
especially in Nubra are erratic. So uploading NCCT images
took very long and we actually were running around in hos-
pital for a spot with better connectivity.

Discussion
India is undergoing a rapid socio-demographic and epi-

demiological transition. This is due to rapid urbanisation,
industrialisation, motorisation and changing lifestyle.

@ Springer

This transition has given rise to a plethora of problems
including traumatic brain injury. Traumatic brain injury
is a major problem in India leading to death and disability
in young and productive age group of the society. A rough
estimate from India indicates that 1.6 million individuals
have traumatic brain injury and seek hospital care annually
[4, 5]. As traumatic head injury mainly affects the young
and the productive sections of society, it results in signifi-
cant socio-economic losses as poor people living in remote
and rural areas sustain higher number of traumatic brain
injuries and paradoxically, they are the ones who have lim-
ited access to neurosurgical care. An estimated 800 mil-
lion Indians living in rural and suburban area have limited
access to neurosurgeons due to distance and poverty [6].

India has 1800 neurosurgeons for 1.27 billion people.
Of the 330 approved medical colleges, only 59 have neu-
rosurgical department recognised for MCh neurosurgery
training [7]. Adding to it is the scarcity of research on
traumatic brain injury from low- and middle-income
countries including India. A systematic review on quan-
titative research on traumatic brain injury in India found
that only a dismal 72 manuscripts were published over
27 years. With no study from rural and non-academic
medical centre where two-thirds of Indian population
live, so the available data is not a true representation.
Therefore, there is a need of nurturing partnership with
rural centre and urban centre with more resources [5, 8].
This hand holding will give a boost to research which in
turn will help to formulate a uniform guidelines and poli-
cies for management of traumatic brain injury in austere
environment also.

The problem of human resource cannot be solved over-
night even though the government of India is building a
network of trauma centre. So an alternative way of tackling
neurotrauma is building partnership between rural and ter-
tiary centre and managing neurotrauma by general surgeon
in rural and remote areas [9].

Such practice of managing neurotrauma by general sur-
geon in austere condition has been suggested and approved
even in ATLS module Head Trauma 2008 (advance trauma
life support; student manual, 10™ Ed, American College of
Surgeon, Chicago IL: 102;126) [10]. Neurosurgeon with
his vast experience of working in tropic suggested that
damage control surgery for the brain could be best justi-
fied if emergency evacuation is done by the rural surgeon
within the golden hours after trauma [11].

A fully credentialed general surgeon who is motivated
and trained can perform up to 90% all level 1 neurosurgi-
cal procedure. Such programme has been a success in both
developed and developing countries like Sweden, Australia,
Nepal, Tanzania and Nigeria [12—-17]. In fact, a general sur-
geon should have the mandate to do basic orthopaedic and
ENT surgeries in remote settings.
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From Indian perspectives, very few publications are avail-
able describing the role of general surgeon in neurotrauma.
But in olden days, a general surgeon would routinely per-
form neurosurgery. Doyens of neurosurgery in India like Dr
PN Tandon, Dr V S Dave, Dr Pritam Das and Dr C.K. Gupta
were general surgeons who routinely performed neurosur-
gery. However, in modern India, the author could not find
any article from a rural surgeon in India on his/her experi-
ences with neurotrauma. An article from the apex trauma
centre AIIMS strongly recommended that the burden of
neurotrauma should be equally shared between neurosur-
geon and trauma surgeon [18]. Though a trauma surgeon
after MCh trauma course is a step in the right direction, a
doubt exists about the availability of such super specialist
in resource sparse place. Instead, it has been advocated that
the best and the only feasible means to overcome the gap is
providing 6 month training to the motivated general surgeon
from austere places at tertiary centres and training them to
tackle the hidden epidemic of neurotrauma [19]. Another
module in this regard came from Tanzania, a developing
country like India, where ‘teach forward programme’ was
started, rather than general surgeon going to tertiary centre,
a trained neurosurgeon went and worked in the community
of interest and trained local professional, who in turn trained
others in the community [15].

But such practise of managing neurotrauma in peripheral
setup is not without challenges. First and foremost, in our
cases, even drugs needed for managing neurotrauma con-
servatively also like diazepam, mannitol, haloperidol and
epition are always in short supply. Secondly, without an
efficient evacuation system with ill equipped ambulances
and untrained staff, the golden hour is lost. Even shifting
the patient to district headquarters for CT scan is a task in
itself. Such hindrances can be easily overcome if on the
lines of neurosurgical society of Australia, the government
of India also starts a national neurotrauma programme with
guidelines for managing neurotrauma in peripheral institute
[12, 20, 21]. Though creating a high-end ICU in austere
environment is not feasible, with the COVID-19 pandemic,
ventilators have reached every sub-district hospital, so it can
be used in future.

Other roadblocks are the mindset of people, unrealistic
societal expectation and increasing medico legal litigation
and pressure from patient’s attendant. Such issues can be
resolved only and only if the surgeons are credentialed,
trained and a policy maker bring clear cut legislation about
referral and intervention.

However, one important advantage in this regard these
days is telecommunication boom. With mobile con-
nectivity reaching every village, it can be used for get-
ting connected to the super specialist sitting anywhere
in the world. Studies suggested at enabling less trained
onsite medical personnel placed in distant and medically

deprived area with information and guidance for neuro-
surgical management through telemedicine [22, 23]. Some
authors stated that telemedicine in rural and suburban
India has very little utility in emergency setup [24]. For
using telecommunication to the fullest even in emergency
set up is training and preparing the rural surgeon to tackle
the emergency, providing them with protocol and referral
support as described by neurosurgeon in literature [19].
Such practice is being successfully followed in developed
countries like Norway [25].

Conclusion

Using search engines like pub med and Google, we could
not get any relevant publication about general surgeon per-
forming neurotrauma in India. Keeping in view the out-
come from our study, and as recommended by others, we
are of the opinion that neurotrauma in rural area should be
taken care of by the general surgeon in consultation with
the neurosurgeon in tertiary centres. Also in lines with
Australia, a clear cut guideline from the ministry of health
government of India needs to be put in place regarding
management and transfer which would not only streamline
the care but would also protect the primary care giving
general surgeon from medical litigation which is a major
deterrent for the surgeons. Also, the proposal of the gov-
ernment of India to give truncated training to motivated
general surgeon in rural India in managing and operating
neurotrauma should be implemented in letter and spirit
to reduce the impact of hidden epidemic. With telecom-
munication available even in remote areas, not only the
trauma but also the effective follow-up of the malignancies
and other ailments operated at tertiary care centre can be
provided at district level at patient doorsteps.
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