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Abstract

Review Article

Diabetic ketoacidosis (DKA) remains a major endocrine emergency in India, particularly in remote and resource‑constrained settings where 
standard intensive care‑based protocols are often difficult to implement. This narrative review examines the challenges of DKA management 
in rural Indian healthcare systems and evaluates the feasibility of pragmatic adaptations to existing treatment recommendations. Available 
evidence suggests that delayed presentation, infection, interrupted insulin access, limited laboratory support, inadequate monitoring facilities, 
and shortages of trained personnel significantly influence DKA outcomes in India. Selected patients with mild‑to‑moderate DKA may be 
managed safely using structured subcutaneous insulin protocols, although Indian prospective data remain limited. Future Indian DKA guidelines 
should incorporate resource‑stratified recommendations that distinguish ideal care from minimum safe care. Context‑sensitive management 
pathways, simplified monitoring protocols, improved diabetes education, and strengthened healthcare infrastructure are essential for improving 
DKA outcomes in underserved regions.
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Résumé

L’acidocétose diabétique (ACD) demeure une urgence endocrinienne majeure en Inde, particulièrement dans les zones rurales et les contextes 
à ressources limitées, où la prise en charge conventionnelle fondée sur les soins intensifs peut être difficile à mettre en œuvre. Cette revue 
narrative examine les difficultés liées à la prise en charge de l’ACD dans les systèmes de santé ruraux indiens et évalue la faisabilité 
d’adaptations pragmatiques des recommandations thérapeutiques établies. Les données disponibles indiquent que le retard de prise en charge, 
les infections, les interruptions de l’accès à l’insuline, les capacités limitées en matière d’analyses biologiques, les possibilités insuffisantes 
de surveillance et le manque de personnel de santé formé influencent considérablement la prise en charge et le pronostic de l’ACD en Inde. 
Chez certains patients présentant une ACD légère à modérée, des protocoles structurés d’insulinothérapie sous-cutanée peuvent constituer 
une alternative réalisable lorsque les ressources de soins intensifs ne sont pas disponibles, bien que les données prospectives provenant de 
l’Inde restent limitées. Les futures recommandations indiennes relatives à l’ACD devraient intégrer des stratégies adaptées aux différents 
niveaux de ressources, distinguant clairement les soins optimaux des soins minimaux permettant d’assurer la sécurité des patients. Des 
parcours de prise en charge adaptés au contexte, des protocoles de surveillance simplifiés, une meilleure éducation thérapeutique, un accès 
fiable à l’insuline et le renforcement des infrastructures de santé sont essentiels pour améliorer la sécurité et l’efficacité de la prise en charge 
de l’ACD dans les régions défavorisées. 

Mots‑clés: Acidocétose diabétique ; Inde ; soins de santé ruraux ; 
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Introduction

Diabetic ketoacidosis  (DKA) continues to represent one of 
the few endocrine emergencies where outcome is determined 
as much by health‑system efficiency as by disease severity 
itself.[1] In high‑income settings, mortality from DKA has 
progressively declined over the past few decades, largely 
because patients reach hospitals early, laboratory support is 
continuous, insulin delivery systems are standardized, and 
monitoring is intensive.[2‑4] Across low‑ and middle‑income 
countries, including parts of South Asia and Africa, many 
health facilities lack the staff, equipment, and medicines needed 
for ideal DKA management.[5‑7] This contributes to higher 
morbidity and mortality compared with highincome settings. 
In India, adult DKA mortality of about 4.8%–11.6% has been 
reported in tertiary intensive care units (ICUs) and medical 
wards,[8,9] with infections, noncompliance, pancreatitis, older 
age, renal dysfunction, hypokalemia, and altered sensorium 
linked to worse outcomes.[10,11]

In an Ethiopian referral hospital, DKA inhospital mortality was 
12%, largely related to hypoglycemia and severe hypokalemia, 
reflecting constrained monitoring and replacement capacity.[10] 
During a humanitarian crisis in Sudan, almost all diabetic 
patients presenting to hospitals had DKA, with severe 
metabolic derangement, attributed to medication scarcity 
and system collapse.[12] The Indian experience with DKA 
differs in important ways from descriptions originating from 
western ICUs. Patients frequently present late,[5,13,14] often after 
several days of osmotic symptoms, vomiting, febrile illness, or 
treatment interruption. In many rural settings, the first point of 
contact is not a trained physician but a small clinic, pharmacy 
practitioner, or peripheral healthcare worker. Initial treatment 
may consist only of intravenous fluids, empirical antibiotics, 
or intermittent insulin administration without biochemical 
monitoring.[13,14] Referral frequently occurs only after altered 
sensorium or hemodynamic instability develops.[5,13,14] 
Consequently, the “typical” DKA patient encountered in 
Indian tertiary hospitals may already represent the advanced 
end of a prolonged and fragmented disease trajectory.[14] The 
problem is further complicated by socioeconomic realities 
that remain insufficiently discussed in most international 
recommendations.[15‑18] Out‑of‑pocket cost is a dominant reason 
for refusing or delaying insulin in low‑income urban settings; 
74% of slum‑dwelling patients who needed insulin but refused 
cited financial constraints, as insulin is bought out‑of‑pocket 
and often not insured.[19] National reviews highlight access to 
affordable medicines as a core barrier to diabetes control in 
India.[20‑22] Patients discontinue insulin because refrigeration 
is unavailable, travel costs prevent follow‑up, daily wages 
are lost during hospital visits, or insulin stocks become 
intermittently inaccessible in public facilities.[22‑27] Infections 
remain major precipitants, but unlike Western cohorts where 
urinary tract infections and pneumonia predominate, Indian 
studies continue to report tuberculosis, skin and soft‑tissue 
infections, and undifferentiated febrile illnesses as important 
triggers.[8,28,29] Malnutrition, chronic anemia, and delayed sepsis 

recognition frequently coexist, altering both presentation and 
physiological reserve.[30,31]

Current DKA guidelines are largely derived from studies 
conducted in resource‑rich critical care environments. These 
protocols presume availability of hourly glucose monitoring, 
frequent electrolyte analysis, continuous cardiac monitoring, 
trained nursing ratios, and intensive care supervision.[32,33] 
While scientifically robust, many of these recommendations 
become difficult to operationalize in district and subdistrict 
hospitals.[32,34] In practice, clinicians in remote Indian settings 
are often forced to improvise. Potassium may be unavailable 
for several hours.[35‑37] Urine ketones may substitute for serum 
beta‑hydroxybutyrate.[37,38] Intravenous insulin infusion may 
be impossible because infusion pumps are unavailable or 
nursing supervision is inadequate.[39] These adaptations are 
rarely acknowledged in formal guidelines despite being routine 
components of real‑world care.

An important consequence of this disconnect is that DKA 
management in India frequently oscillates between two 
extremes: aggressive protocolization in tertiary centers 
and largely experience‑based treatment in peripheral 
hospitals.[6,11,34,40] Neither approach is ideal. Excessive 
dependence on rigid ICU‑oriented algorithms may delay 
treatment initiation where resources are constrained, whereas 
unstructured empiricism increases the risk of preventable 
complications.[6,7,11,41] This review critically examines the 
management of DKA in remote and resource‑limited Indian 
settings. Rather than reiterating standard recommendations, the 
emphasis is on evaluating which aspects of current evidence are 
genuinely transferable to low‑resource environments, where 
they fail, and how pragmatic adaptations may be developed 
without compromising patient safety.

Literature Evidence

The epidemiology of DKA in India remains incompletely 
defined. Most available studies emerge from urban tertiary 
hospitals and therefore provide limited insight into disease 
burden in rural populations.[5,8,42] This introduces a significant 
selection bias. Patients who survive long enough to reach 
referral centers are overrepresented, whereas mortality 
occurring during transport or at peripheral facilities is poorly 
captured.[43,44] Consequently, the true burden of severe DKA in 
India is likely underestimated. Several Indian tertiary‑center 
studies have reported DKA mortality ranging between 2% 
and 11%,[8,42] substantially higher than figures commonly 
reported from high‑income countries where mortality is often 
below 1%. However, these estimates likely underrepresent the 
actual burden because most available Indian data originate 
from referral centers and do not capture deaths occurring 
during transport or at peripheral facilities.[41] Indian cohorts 
have also consistently demonstrated prolonged symptom 
duration before presentation, frequently exceeding 24–48 h, 
reflecting delayed recognition and referral barriers.[45] Indian 
studies consistently identify infection and insulin omission as 
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the two dominant precipitants of DKA.[46] However, the term 
“non‑compliance” used in many reports deserves scrutiny. In 
several Indian cohorts, treatment interruption appears closely 
linked to economic barriers, interrupted drug supply, poor 
counseling, or inability to maintain follow‑up rather than 
deliberate refusal of therapy.[19,22,29] The tendency to classify 
such patients simply as “non‑compliant” risks oversimplifying 
a structurally mediated problem. In public‑sector hospitals, 
interrupted insulin availability and irregular follow‑up 
remain important contributors.[47] In rural populations, 
financial constraints, travel distance, loss of daily wages, and 
inability to maintain cold‑chain storage continue to influence 
adherence patterns.[48‑50] Another recurring observation is the 
increasing proportion of DKA occurring in individuals with 
type 2 diabetes mellitus.[8] This phenomenon has important 
implications in India, where ketosis‑prone diabetes and mixed 
phenotypes are relatively common.[51] Peripheral physicians 
frequently encounter adults with previously undiagnosed 
diabetes presenting with severe ketosis during infection 
or physiological stress.[52] Distinguishing these cases from 
hyperosmolar states or sepsis‑associated metabolic acidosis 
may be difficult without laboratory support.[53‑55] Diagnostic 
limitations remain central to the rural DKA problem, not only 
in India but also in other low‑ and middle‑income nations.[12,56] 
Standard definitions rely on hyperglycemia, ketonemia, 
and metabolic acidosis.[57,58] Yet many hospitals continue to 
function without round‑the‑clock arterial blood gas analysis.[59] 
Serum ketone estimation is unavailable in large parts of the 
public sector. Urine ketone testing therefore remains widely 
used despite its known limitations.[57,60] Acetoacetate‑based 
urine assays may remain positive even after metabolic 
recovery and correlate poorly with severity. Nevertheless, 
in many peripheral centers, they continue to guide treatment 
because no alternative exists.[61,62] This gap between ideal and 
feasible diagnostics has important consequences. Clinicians 
frequently initiate treatment based primarily on bedside 
assessment: dehydration, tachypnea, abdominal pain, altered 
sensorium, and uncontrolled hyperglycemia.[63] Such pragmatic 
decision‑making is often necessary, although it increases 
diagnostic uncertainty. Sepsis with lactic acidosis, acute 
pancreatitis, toxic ingestion, and starvation ketosis may all 
mimic DKA[63] in poorly monitored settings. Fluid therapy 
illustrates a similar tension between guideline recommendations 
and practical feasibility. Standard protocols advocate isotonic 
saline with frequent reassessment of electrolytes and acid‑base 
status.[64,65] In reality, electrolyte results may be delayed for 
several hours in remote hospitals, particularly during night 
shifts. Potassium replacement therefore becomes largely 
empirical. This is not a trivial issue. Hypokalemia in DKA 
is frequently underestimated in undernourished populations 
with prolonged osmotic diuresis. Peripheral administration 
of insulin before potassium assessment remains common 
practice and probably contributes to avoidable arrhythmic 
complications;[65,66] that are rarely documented systematically 
in the Indian rural set‑up. There is also increasing debate 
regarding the indiscriminate use of large‑volume normal 

saline. Hyperchloremic acidosis is well recognized,[67] 
although its clinical significance in resource‑limited settings 
remains uncertain. Balanced crystalloids may theoretically 
offer advantages,[68] but recommendations favoring them 
often ignore procurement realities in government hospitals 
where even basic consumables are inconsistently available. 
Perhaps the most important practical question concerns insulin 
delivery. Intravenous insulin infusion is widely regarded as the 
standard of care for moderate and severe DKA.[69] However, 
this recommendation assumes availability of infusion pumps, 
close nursing supervision, and frequent monitoring.[70] Many 
district hospitals in India do not possess such infrastructure 
consistently. In peripheral wards, insulin infusion may be 
administered through gravity‑based systems with substantial 
variability in delivery.[71] Under these circumstances, the 
continued insistence on universal intravenous insulin infusion 
deserves reconsideration. Evidence from several studies 
suggests that carefully selected patients with mild‑to‑moderate 
DKA can be managed using subcutaneous rapid‑acting insulin 
analogues with outcomes comparable to intravenous infusion 
in monitored settings.[72‑75] Although most supporting data 
originate from non‑Indian populations, the implications for 
resource‑constrained systems are significant.[76] A simplified 
protocol that can be safely implemented may ultimately 
prove more valuable than an ideal protocol that cannot be 
operationalized reliably.[77,78] At present, however, evidence 
specific to Indian secondary‑level hospitals remains sparse. 
Most published Indian studies evaluating DKA management 
are retrospective, involve small sample sizes, and originate 
from tertiary institutions.[5,9,11,32,79‑81] There are remarkably 
little prospective data examining simplified DKA pathways 
in district hospitals even though these facilities manage a 
substantial proportion of the national disease burden.

Discussion

A persistent weakness of contemporary DKA literature is its 
tendency to universalize recommendations generated within 
highly monitored critical care environments. This becomes 
problematic when such protocols are incorporated into health 
systems with profoundly different constraints.[82,83] In India, the 
challenge is not merely whether guidelines are scientifically 
correct, but whether they remain implementable across diverse 
levels of care. The prevailing ICU‑centric approach to DKA 
management may not always represent the most rational strategy 
for low‑resource settings.[41,82,83] Mild DKA is frequently 
admitted to tertiary ICUs primarily because standardized 
alternatives are lacking. This contributes to unnecessary ICU 
occupancy in already overburdened systems.[84] Conversely, 
severe DKA may continue to receive suboptimal treatment at 
peripheral centers because referral thresholds are unclear and 
transport systems inadequate. What India arguably requires 
is not simplification alone, but stratification. Not every 
patient with DKA requires identical intensity of monitoring. 
Patients with preserved mentation, stable hemodynamics, and 
mild acidosis may potentially be managed using structured 
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ward‑based protocols with scheduled subcutaneous insulin 
administration and focused monitoring.[85] Such models 
could reduce dependence on scarce critical care infrastructure 
while preserving patient safety. The reluctance to formally 
endorse such approaches partly reflects the limited quality of 
available evidence.[36] Yet insisting exclusively on ICU‑level 
standards risks perpetuating a system where evidence‑based 
care remains inaccessible outside tertiary hospitals. In this 
context, pragmatic protocols may represent not a compromise, 
but a necessary adaptation. An equally neglected issue is 
manpower. Much of DKA management depends on vigilant 
nursing observation rather than sophisticated intervention.[86] 
In many Indian public hospitals, nurse‑to‑patient ratios remain 
severely inadequate.[87,88] Junior residents frequently supervise 
multiple critically ill patients simultaneously. Under these 
conditions, protocols requiring hourly adjustments become 
difficult to sustain consistently. The resulting variability in 
care is rarely acknowledged in formal recommendations. The 
language of many guidelines also deserves scrutiny. Terms 
such as “careful monitoring” or “frequent reassessment” are 
clinically appropriate but operationally vague. In practice, their 
meaning differs dramatically between a tertiary endocrinology 
ICU and a rural emergency ward staffed by a single duty 
medical officer overnight.[46,59] Future Indian guidelines must 
therefore incorporate explicit resource stratification rather 
than assuming homogeneous infrastructure.[89,90] Another 
important but insufficiently discussed issue is the limited 
critical care capacity available for diabetes emergencies in 
India.[91] Many district hospitals continue to function without 
dedicated endocrinology services or specialty,[92] and even 
tertiary government institutions frequently face shortages of 
monitored ICU beds. Consequently, DKA is often managed 
in general medical wards with variable nurse‑to‑patient ratios 
and inconsistent biochemical monitoring.[64] The practical 
implications of this reality are rarely reflected in international 
guideline documents. Table  1 shows the standard DKA 
feasibility in rural Indian settings.

The discrepancy between recommended and feasible care 
pathways is not merely logistical but conceptual. Current 
DKA guidelines largely define optimal management under 
conditions of resource adequacy. In contrast, clinicians working 
in peripheral Indian settings are often compelled to prioritize 
treatments that are operationally sustainable rather than 
protocol‑perfect. Recognizing this distinction is essential if 
future Indian recommendations are to remain clinically relevant 
across different tiers of healthcare delivery. Prevention remains 
another underemphasized dimension.[93] Recurrent DKA in 
India is often a marker of chronic health‑system failure. Patients 
discharged after DKA episodes frequently return with similar 
precipitating factors: inability to procure insulin, inadequate 
understanding of sick‑day management, missed follow‑up, 
or unresolved infections.[94] Educational interventions remain 
fragmented and poorly standardized. The healthcare system 
continues to invest disproportionately in acute rescue while 
underinvesting in continuity of diabetes care.[94‑96] Telemedicine 
may offer partial solutions, particularly for peripheral 
stabilization and referral triage. Even basic specialist support 
through district networks could improve decision‑making 
regarding insulin initiation, potassium replacement, or transfer 
urgency.[97] However, technological interventions alone will not 
overcome structural deficiencies in staffing and supply chains.[98]

Future Directions

There is a clear need for Indian data generated outside 
metropolitan tertiary centers. District hospitals, subdistrict 
facili t ies,  and secondary-care institutions remain 
underrepresented in current literature despite carrying much 
of the practical burden of DKA management.

Future research priorities should include:
1.	 Prospective validation of subcutaneous insulin protocols 

for mild‑to‑moderate DKA in district hospitals
2.	 Development of simplified monitoring algorithms for 

low‑resource settings

Table 1: Standard diabetic ketoacidosis recommendations versus practical feasibility in remote Indian settings

Standard recommendation Operational challenge in remote Indian settings Common real‑world adaptation
Hourly blood glucose 
monitoring

Limited nursing manpower; glucometer shortages in 
peripheral wards

Monitoring every 2–4 h depending 
on staffing availability

Arterial/venous blood gas 
analysis

ABG facilities unavailable in many district hospitals, 
especially after routine hours

Clinical assessment combined with 
serum bicarbonate or urine ketones

Continuous intravenous insulin 
infusion

Lack of infusion pumps and inadequate nurse 
supervision

Intermittent intravenous or 
subcutaneous insulin regimens

Frequent electrolyte estimation, 
especially potassium

Delayed laboratory reporting; night‑time laboratory 
limitations

Empirical potassium replacement 
based on clinical risk assessment

ICU admission for moderate 
DKA

Scarcity of ICU beds in public hospitals Management in high‑dependency 
units or general medical wards

Serum beta‑hydroxybutyrate 
measurement

Point‑of‑care ketone testing often unavailable or 
unaffordable

Reliance on urine ketone testing

Continuous cardiac monitoring 
during potassium correction

Limited telemetry availability Periodic ECG assessment where 
feasible

Multidisciplinary diabetes 
education before discharge

Overcrowding and early discharge pressures Brief counselling focused mainly on 
insulin continuation

DKA=Diabetic ketoacidosis, ICU=Intensive care unit, ECG=Electrocardiogram, ABG=Arterial blood gas
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3.	 Evaluation of low‑cost point‑of‑care electrolyte and 
ketone testing strategies[99]

4.	 Operational studies examining delays in referral and 
transport‑related mortality

5.	 Structured diabetes education models tailored to 
low‑literacy populations[100]

6.	 Nationally adapted DKA guidelines stratified according 
to healthcare resource availability.

Importantly, future Indian guidelines should distinguish 
between “ideal care” and “minimum safe care.”[101] Failure to 
make this distinction risks producing recommendations that 
remain scientifically sound but practically inaccessible.

Conclusion

DKA in India cannot be understood purely as a metabolic 
emergency. In many patients, it represents the final common 
pathway of delayed diagnosis, interrupted insulin access, 
infection, financial vulnerability, and fragmented healthcare 
delivery. The conventional image of DKA management derived 
from Western intensive care practice captures only part of 
this reality. Current protocols remain heavily dependent on 
assumptions that are inconsistently valid across remote Indian 
settings. Continuous biochemical monitoring, infusion‑based 
insulin delivery and intensive nursing supervision are 
frequently unavailable outside tertiary centers. Yet peripheral 
hospitals continue to manage substantial numbers of DKA 
patients, often with limited guidance tailored to their 
operational realities. Unless guidelines begin to acknowledge 
the realities of unequal healthcare access, the gap between 
recommended care and delivered care is likely to persist. In 
the Indian context, improving DKA outcomes will require not 
only better protocols, but also a more honest recognition of the 
systems within which those protocols are expected to function.
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