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Abstract

Background: Burns result in approximately 180,000 deaths annually, with the majority
occurring in rural regions of Africa and Southeast Asia. This study aimed to assess the avail-
able resources, key challenges, and potential solutions in burn care from the perspective
of healthcare providers in India. Methods: An online survey was conducted among burn
care professionals across India. The survey was disseminated via social media platforms,
burn care networks, and hospital representatives. Results: A total of 105 respondents,
primarily from tertiary care centers, participated in the survey. Of these, 64.2% were af-
filiated with government hospitals, and 40.1% served catchment areas extending beyond
300 km. Dedicated burn units were present in 88.0% of government hospitals, compared to
66.9% in non-government facilities. Treatment costs were significantly lower in government
hospitals, with 88.8% offering care either free of charge or at minimal cost (p < 0.00001).
Conclusions: The findings reveal significant gaps in staff training, intensive care monitor-
ing, and infection prevention. Many patients initially seek help from traditional healers,
often delaying appropriate treatment and worsening outcomes. Enhancing education,
implementing standard monitoring practices, and ensuring adherence to clinical protocols
are critical steps toward improving burn care outcomes in India.

Keywords: burns; India; health system resources; burn care resources

1. Introduction

Burn injuries have long posed a significant public health challenge, particularly in
low- and middle-income countries (LMICs). India is among the most affected, with an
estimated 180,000 burn-related deaths and over 1 million burn injuries annually [1].

In 2019, injuries caused by fire, heat, or hot substances resulted in 23,000 deaths and
more than 1.5 million disability-adjusted life years (DALYs) in India [2]. Burn injuries
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in South Asia, including India, often show a seasonal peak in October and November,
coinciding with the Diwali festival [3].

Over the years, India has made significant efforts to reduce burn incidence. A key
milestone was the launch of the National Programme for Prevention and Management of
Burn Injuries 15 years ago. This initiative aimed to increase burn awareness and improve
care access—especially in rural areas, where 64% of the population resides and where the
burden of burns is disproportionately high [2,3].

Currently, India has 67 registered burn units and provides 1339 dedicated burn beds,
fewer than 300 of which are in burn intensive care units (ICUs) [3]. Moreover, only 15% of
the population lives within a two-hour drive of a burn center equipped with both an ICU
and a skin bank [3].

Despite a gradual increase in burn care facilities, burns remain an under-prioritized
public health issue. Many institutions lack the infrastructure, trained personnel, and
medical equipment required to deliver quality care [4]. These challenges are further
exacerbated by delayed hospital access and financial /resource limitations, contributing to
significantly higher mortality rates in LMICs [5]

This study aims to assess the current state of burn care in India from the perspective
of healthcare providers. It seeks to identify developments, ongoing challenges, and gaps
in human resources, infrastructure, and medical equipment necessary for effective burn
care delivery.

2. Materials and Methods

Key parameters of human resources, infrastructure, and medical equipment available
for burn care were identified according to the PIPES assessment [6]. Items from the
Interburns Primary Assessment Tool for Burn Care in Low- and Middle-income countries
were incorporated to draft this survey [7]. These two assessments have already been used
in a comparable survey on burn care capacity in Africa [5].

This set of core items was used to create a structured, closed-format, self-administered
online survey in English, consisting of 45 questions divided into 8 sections. The pilot survey
was first reviewed and tested within the GAP-Burns collaborative network and by four
independent Indian health professionals.

2.1. Patient and Public Involvement

The survey was addressed to healthcare professionals involved in burn care man-
agement in Indian healthcare institutions. The survey was posted on the website
www.gap-burns.org and distributed through social media, burn-related mailing lists within
India, and representatives of hospitals treating burns using the contact lists from the In-
dian Burns Association and the Association of Plastic Surgeons in India. The survey was
available from 1 October 2022 to 31 March 2023.

Facilities were categorized into the following levels of care: primary, secondary, and
tertiary. Primary healthcare facilities are usually the first local point of contact for patients
and provide basic healthcare services. Secondary healthcare facilities include district
hospitals providing a level of care that is intermediate between primary and tertiary
healthcare facilities. Tertiary healthcare facilities are university teaching and major referral
hospitals that provide specialized and advanced care. The severity of burns was categorized
into three groups in this questionnaire: minor (<15% total body surface area), severe
(15-60% TBSA), and massive (>60% TBSA).
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2.2. Ethics and Consent

Ethical approval was granted by the Ethics Committee of Choithram Hospital &
Research Centre in Indore, India (CH/EC/Aug/22/23). Informed consent was obtained.

2.3. Statistics

Generated data was checked for errors and unified in a database. Statistical analysis
was performed using Python (Python 3.11, 2023). Quantitative statistics were expressed as
total numbers and percentages, means, and range. Chi-square and f-test were applied. A
p-value < 0.05 was considered significant.

3. Results
3.1. Origin and Characteristics of the Respondents

Overall, 105 questionnaires were completed by medical staff working in India. The
respondents originated from 24 states with a predominant urban background n = 98 (93.3%);
see Table 1 and Figure 1.

Participating Hospitals by State

Figure 1. Geographic Distribution of Respondents.
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Table 1. Geographic origin of respondents.

Location Number
Delhi n=26 Punjab n=4 Telangana n=2
Maharashtra n=15 Rajasthan n=4 West Bengal n=
Kamataka n==6 J ampnt and n=3 Goa n=1
Kashmir
Madhya _ _ B
Pradesh n==6 Haryana n=3 Jharkhand n=1
Uttar n==6 Tamilnad n=3 Keral n=1
Pradesh - amthadu - erata -
New Delhi n=>5 Assam n=2 Puducherry n=1
. . Uttar
Chhattisgarh n=4 Bihar n=2 Pradesh n=1
Gujarat n=4 Tamil Nadu n=2 Uttarakhand n=1
Basis information regarding the responding staff can be found in Table 2.
Table 2. Characteristics of respondents.
n %
Profession n= Specialist Plastic Surgery 90 85.7
Specialist General 6 5.7
Surgery
Student 3 2.8
Physician Assistant 1 1
Years of experience treating Less than 2 years 23 21.9
burn patients
2-5 years 15 14.3
6-10 years 10 9.5
More than 10 years 57 54.3

3.2. Characteristics of the Healthcare Facility

In total, 94 (89.5%) of all responses originated from tertiary health facilities, 7 (6.7%)
from secondary and 4 (3.8%) from primary hospitals. The majority (n = 68, 64.8%) were
government-funded, followed by privately funded (n = 34, 32.4%), faith-based (n =1, 1%),
and NGO-funded (n = 2, 1.9%). In total, 53 sites (50.5%) had 4 or more specialists, 49 (46.7)
had 1-3, and 3 had none. A total of 49 sites (46.7%) were reportedly teaching hospitals.

3.2.1. Type of Hospital and Geographical Access

In total, 16 (15.2%) hospitals treated patients within a radius of 50 km, 21 (20.0%)
within a radius of 51-100 km, 21 (20.0%) within a radius of 101-300 km, and 43 (41.0%)
stated that their catchment area was more than 300 km. Most cases were referred from
another hospital: 30-70% in 60 institutions (57.1%), more than 70% in 18 places (17.1%),
and only 27 (25.7%) saw less than 30% as secondary admissions.

A total of 42 (40.0%) respondents indicated that seasons had an impact on accessibility,
while 50 (47.6%) respondents indicated no seasonal impact.

3.2.2. Funding and Payment

Treatment is significantly more often free in government hospitals (p < 0.00001).
Different payment modalities are demonstrated in Table 3.
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Table 3. Financial cost associated with treatment (multiple choice).
n %

Typical payment of treatment . .

for burns (multiple choice) Patient pays on arrival 18 17.1
Patients pay later 29 27.6
Free healthcare for all patients 45 42.9
Free healthcare for small children 5 4.8
Free healthcare for special groups 1 114
(other than children) )
Partly free, some basic costs are
covered by the families 27 257
Mainly paid by insurance 7 6.7

If patients need to pay, what

they pay for
Consumables for dressings 52 49.5
Consumables for surgical 54 514
interventions (sutures, blades) ’
Fee fc?r intervention (surgery, 39 371
dressing)
Fee for hospital stay 49 46.6
Fee for laboratory 42 40.0
No extra payment 32 30.5

3.2.3. Patient Demographics and Pattern of Injuries

A total of 20 institutions (19.0%) see more than 20 new patients per month, and
34 (32.4%) see between 6 and 20 patients. According to the respondents, patients are
admitted with the following total body surface area (TBSA) distribution: less than 15%
TBSA—37 sites see 1-5 patients, 34 sites see 6-10 patients, and 32 sites see more than
20 patients; 15-60% TBSA—1-5 patients are seen at 42 sites, 6-10 at 28 sites, and more than
20 at 29 sites; and over 60% TBSA—1-5 patients are seen at 54 sites, 6-10 at 22 sites, and
more than 20 at 12 sites. Overall, government hospitals are seeing patients with larger total
burn areas significantly more often (p < 0.0001).

3.2.4. Available Infrastructure

A separate burn unit is available in 85 (80.9%) institutions. Government hospitals have
a separate burn ward in 88% of cases (n = 61), which is significantly more often (p < 0.0020)
than in the other hospitals (66%, N = 24). In 68 (64.1%) places, children are treated in
the same ward as adults, and in 35 (33.0%) places, there is a separate pediatric burn unit.
A total of 66 (62.8%) institutions have an intensive care unit (ICU) for burn patients, yet
88 (83.8%) can provide intensive care if needed. Similarly, government hospitals have an
intensive care unit in 66% of cases (n = 43), whereas the other hospitals have intensive care
services available in 55% of cases (N = 20).

Figure 2a,b show the constant availability of the following intensive care technol-
ogy/Medical Devices (a) and equipment/consumables (b).
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ECG
X-ray
Central lines

Intubation

Multi disciplinary
team consultation

Parenteral feeding

Mechanical
ventilation

CT scan

Measurement of
CvP

Echocardiography
Dialysis

Infusion pump

Bronchoscopy
ECMO
None of the above -. 3.8%
1
0%

Sterile gloves
Oxygen

Nasal gastric tubes
Antibiotic medicatio
Monitoring

Dressing materials

Blood analysis

and microbiology
Fluid resuscitation
pediatric giving set
Blood bank

Fluid resuscitation
drop-count

None of the above

N 2.9%

i
0%

care equipment/consumables.

3.2.5. Surgical Care

i I
80% 100%

| |
80% 100%

Figure 2. (a) Availability of intensive care technology/medical devices. (b) Availability of intensive

An average of four (0-7) operating room days per week are available in the participat-

ing centers.

Skin grafting is routinely performed in 104 (98.0%) centers. In total, 57 (54.83%) centers

centers have a Gouillon/Humby knife.

have an electrical dermatome, 26 (24.7%) have a mechanical dermatome, and 84 (80.0%)

Figure 3 shows the estimated number of burn-related surgeries per month.
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Figure 3. Burn-related surgeries.

Dressing materials used in 98 sites are silver sulfadiazine, 92 petrolatum gauze,
84 collagen dressings, 72 silver-impregnated dressings, 45 foam dressings, 4 banana leaf
dressings, 3 fish skin dressings, and 14 use any other dressing material. In total, 69 have
access to dermal substitutes with the following distribution of use: 55 Integra® Dermal
Regeneration Template, 47 cadaver skin/donor skin, 27 Biodegradable Temporizing Matrix
(BTM), and 6 reported the use of xenografts; see Figure 4.

Dressing material used regularly

SSD cream

Vaseline guaze

Collagen dressings

Silver-impregnated
dressings

Foam dressing

Banana leaves
M 38%

dressings
Fish-skin
dressing I 2.9%

1 | i i i |
0% 20% 40% 60 % 80% 100%
Figure 4. Dressing material used for the care of burn wounds.

According to respondents, the following circumstances influence poor outcomes;
see Table 4.
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Table 4. Perceived poor outcome stated by respondents (multiple answers possible).

Patient presents late due to previous treatment by traditional healer n=381
Patient refuses treatment or leave the hospital early n=44
Patient cannot afford treatment (no means for treatment) n =41
Overall lack of staff n=23
Lack of trained staff n=22
Lack of an intensive care unit (defined as constant availability of n=15
monitoring, oxygen, fluid management)

Lack of dedication of the staff n=13
Lack of theater space capacity n=12
Lack of dressing material n=7
Lack of sedation/anesthesia n=>5
Lack to perform skin grafting n=4
Lack of blood bank n=3
Lack of constant power supply n=1

3.2.6. Potential for Improvement

Respondents agreed (agree and strongly agree, multiple answers possible) that burn
care would improve if there was improvement in staff education (n = 67), intensive care
monitoring (n = 62), improvement in infection prevention protocols in hospitals (n = 62),
free healthcare (n = 58), strengthening of anesthesia (n = 57), increased theater capacity
(n = 55), implementation of a blood bank (n = 50), more dressing material (n = 49), and
teaching of skin grafting (n = 40).

4. Discussion

India, over the last two decades, has taken significant strides to improve burn care
management and prevention with the support of the government and different NGOs,
particularly via the “National programme for prevention of burn injuries” [8]. However,
with its rapidly growing population, it is difficult to ascertain whether these interventions
are adequate. Our study attempts to assess this and give an overview of the current
situation; however, due to the low response rate, especially from rural areas, it is difficult
to have a true depiction of the situation on the ground.

4.1. Respondent Characteristics

The survey was predominantly answered by plastic surgeons, with many having over
a decade of experience. This preliminary indicates a highly specialized workforce with a
high level of experience, which would align with expectations considering India’s global
lead in medical education and its historical contributions to reconstructive surgery [9,10].
Although global health has achieved substantial gains over the past 25 years, progress
has been uneven. The development of safe, essential, and life-saving surgical and anaes-
thesia services in low- and middle-income countries (LMICs) is still challenging in many
places [11].

Interestingly, approximately half of the institutions had four or more specialists as part
of their multidisciplinary team workforce, which significantly differs from the workforce
in the African continent, where specialists are few and general practitioners and nursing
teams are the backbone of their teams. Nonetheless, the potential for response bias must
be acknowledged, as the survey dissemination was significantly skewed towards plastic
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surgeons practicing in urban centers, especially in tertiary and teaching institutions, and
only a minority of respondents were from rural-based institutions [12]. We definitely see
there is good availability of intensive care [13,14].

4.2. Equipment and Out-of-Pocket Payments

The majority of results captured were mainly from tertiary-level government-funded
institutions, which are usually the final destination in the health referral system. It is
expected that these institutions should be well equipped in order to provide comprehensive
care for patients. Our data suggests that most institutions are well equipped and have
constant availability of resources, with only up to 20.0% of consumables regularly missing,
which the patients and their families pay for with out-of-pocket payments. It is also worth
noting that in 60 of the 68 (88.8%) participating government hospitals, treatment is free or
only requires out-of-pocket payment for some basic costs. This is significantly lower in
comparison to the African study where the rate of out-of-pocket payments was considerably
higher [5], despite the fact that many of our participants were from government facilities.
This is most likely due to the lack of universal healthcare coverage in many African
countries, whereas in India, public healthcare is free. It is, however, once again difficult
to determine if secondary and rural-based facilities are as well equipped due to the low
response rate from these facilities.

For institutions that require payments, they are mainly for consumables, surgical
interventions, dressing materials, and hospital stay. These costs can potentially leave
families with large expenses through out-of-pocket payments.

4.3. Infrastructure

Separate burn units are known to improve patient outcomes [7]. Interestingly, more
government hospitals reported having separate burn wards and burn intensive care facili-
ties in comparison to private and NGO hospitals. This is most likely due to the associated
high running costs and expenses needed in order to operate these facilities. However,
over 80% of participating institutions reported that they were able to provide ICU services.
These findings significantly differ from our African study, where it was noted that only
approximately 35% of our respondents reported having separate burn units, and a mere
21.0% had separate burn ICU facilities. However, despite India having a high ICU bed
capacity, units continue to remain severely understaffed, and there is still a significant need
for more human resources and equipment [15-17].

4.4. Advanced Wound Care

India has a rapidly growing wound care market with an annual growth rate of 7.4%—
the highest in the world—with many dressing materials being locally manufactured [18].
Many of the respondents indicated that they have access to a wide variety of advanced
dressing materials, including dermal skin substitutes. Surprisingly, despite having the first
skin bank established in 1978, only 47 locations reported the use of allografts. This is most
likely due to the challenges of acceptance amongst the public and medical fraternity, not
to mention the high capital costs needed to maintain a skin bank [19,20]. However, this is
a significant achievement, as skin banks and the use of skin substitutes are still scarcely
available in many African countries [5].

4.5. Skin Grafting

Skin grafting is routinely performed in 99.0% (N = 104) of the facilities. The remaining
facilities that indicated that they do not perform skin grafts are primary facilities, which is
in accordance with the NPPMRBI protocol [10]. It was also noted that most facilities were
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well equipped with Gouillon/Humby knives, with more than half of them having access to
electrical dermatomes.

As much as this is significantly higher than our findings in our African study; it is
also most likely biased due to our low response rate from rural-based facilities. However,
it is important to note as part of the NPPMRBI interventions focused on improving burn
care in rural areas, training programs were introduced through the National Academy
of Burns India (NABI), for any surgeon wishing to acquire the necessary skills for burn
care. Therefore, despite our own response rate from institutions in rural settings, one
might be able to assume that skin grafting is also being performed in secondary/district
hospital institutions.

4.6. Outcomes and Opportunities to Improve

Most respondents cited the main reason for poor outcomes is initial treatment by a
traditional healer. These findings also concur with our findings from the African study [5].
Other leading factors cited by respondents for poor outcomes included financial constraints
and early discharge, most likely due to the high costs incurred from prolonged hospital
stays. The average cost per patient in a tertiary burn unit in India is approximately USD
1060.50, which is a considerable financial burden for the average population [21]. Fear of
high costs has been proven to be a factor affecting health-seeking behavior and driving
many towards finding solutions in alternative medicine [21,22]. As a solution to this
problem, the Indian government is attempting to integrate traditional and alternative
medicine providers into the existing government pathway of care [23].

Opportunities for improvement in burn care management were similar to those men-
tioned in the African study and included increased investment in staff education and
training, enhanced intensive care monitoring, and improved infection prevention and
control measures in hospitals.

5. Conclusions

This survey provides first-hand insights into the availability of human resources,
infrastructure, and medical equipment for burn care across the Indian subcontinent. Com-
pared to similar studies conducted in Africa, notable differences have emerged. In India,
there is a greater availability of specialized human resources, with burn care teams pre-
dominantly led by plastic surgeons. Many institutions also report better access to essential
infrastructure and equipment, enabling both surgical interventions and critical care for
burn patients. Notably, skin grafting procedures are routinely performed at all participating
tertiary and secondary hospitals. There is also easier access to advanced dressing materials
and skin substitutes, further supporting improved clinical outcomes. Additionally, out-of-
pocket payments are significantly lower in India compared to the African cohort, especially
in government hospitals, where many services are subsidized or offered free of charge.
However, the survey also highlights a shared challenge between both regions: health-
seeking behavior. In both India and parts of Africa, many patients initially seek treatment
from traditional healers, contributing to delayed medical care and poorer outcomes.

Areas identified for improvement in India include the following:

e  Enhanced staff education and training;
e Improved intensive care monitoring;
e  Strengthened adherence to infection prevention protocols.

The progress made in India, particularly through the implementation of the National
Programme for Prevention and Management of Burn Injuries (NPPMRBI) and direct gov-
ernment involvement, is highly commendable. These efforts have significantly improved
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burn care delivery in the country and may serve as a replicable model for other LMICs
aiming to strengthen their burn care systems.
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