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Abstract

Management of patients with DKA involves rehydration, administration of insulin, correction of electrolyte derangements, correction of
metabolic acidosis, and treatment of precipitant factors. To date there are no randomized prospective studies that have evaluated the optimal
hospital site for the management of patients with DKA. The decision where to care for patients with DKA must be based on known clinical
prognostic indicators and on the local availability of hospital resources. The response to initial therapy in the emergency department can be used
as a guideline for choosing the most appropriate hospital site for further care.

The current mainstay of insulin therapy in DKA is continuous intravenous infusion. Recent studies have demonstrated the therapeutic
feasibility and cost-effectiveness of the treatment of mild uncomplicated DKA with subcutaneous insulin analogs outside of the ICU setting.
Optimal place of hospitalization must be based on the severity of DKA, possibility of route of administration of insulin, quality and education of
medical team and medical word for appropriate monitoring and laboratory analyzes. We recommend that all patients with severe DKA, requiring
intravenous insulin treatment, must be hospitalized in an ICU unit. Patients with mild to moderate DKA can be hospitalized in a medical word if

Abbreviations: DKA- Diabetic Ketoacidosis; ICU: Intensive Care Unit

it has trained staff and conditions suitable for adequate management and monitoring of these patients.
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Introduction

In the last decade there has been significant improvement
of survival among DKA patients in most developed countries
with a mortality of <1% [1-3]. However, DKA is associated with
mortality rates as high as 5-9% in the elderly and in patients with
severe comorbidities [4,5]. Though mortality from DKA is more
often attributable to severe underlying illness and comorbidities
[4], DKA itself is a hypercoagulable state resulting in potentially
fatal complications including stroke, myocardial infarction,
and disseminated intravascular coagulation [6,7]. Management
involves rehydration, administration of insulin, correction of
electrolyte derangements; particularly hypokalemia, correction
of metabolic acidosis, and treatment of precipitant factors such
as infection, pancreatitis, trauma, and myocardial infarction
[8-10]. Complications of DKA management include pulmonary
venous congestion and severe electrolyte imbalance. Cerebral
edema represents a major potential complication, although this
has been documented mostly in children.

The optimal hospital site for the management of patients
with DKA (intensive care unit, general medical ward or
emergency department) is an important issue. To date there
are no randomized prospective studies that have evaluated
this question. Given the lack of such studies, the decision
where to care for patients with DKA must be based on known
clinical prognostic indicators and on the local availability of
hospital resources [11-13]. The response to initial therapy
in the emergency department can be used as a guideline for
choosing the most appropriate hospital site for further care
[10,11]. Admission to ICU should be considered for patients with
hypotension or oliguria refractory to initial rehydration and for
patients with mental obtundation or coma [11]. Patients who
are mildly ketotic and without severe systemic manifestations
can be effectively managed in a general medical ward [11].

Different routes of insulin treatment patients with
DKA and it’s influence on the site of hospitalization
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Regularinsulin is favored over insulin analogues. The current
mainstay of insulin therapy in DKA is continuous intravenous
infusion due to its rapid onset and ease of dose titration [4,14].
Some institutions require intravenous insulin infusions to be
managed in the intensive care setting and thus some advocate
for the use of subcutaneous or intramuscular injections in order
to avoid an intensive care admission [4,15-17].

Insulin analogs glulisine, aspart and lispro have been
reported to have equal efficacy and potency compared to regular
insulin, attributable to their similar receptor binding affinity and
receptor mediated clearance [3,18,19], however only studies
comparing the role of intravenous glulisine infusion as an
alternative to intravenous infusion of regular human insulin has
been performed [20]. In spite of their more rapid onset, studies
comparing the pharmacokinetics and pharmacodynamics of
intravenous glulisine (an ultrashort-acting insulin analogue) to
intravenous regular insulin (short-acting insulin) have found
thatglulisine demonstrates equivalent glucose utilisation and
disposal; and a similar distribution and elimination profile to
regular insulin [3,20].

The attraction of subcutaneous insulin is to avoid the
need for intensive care unit admission for intravenous insulin
infusions and its associated high costs, although the concern
is that it may not be as effective as intravenous insulin [21]. A
Cochrane review in 2016 analyzed five small RCTs (total n = 201)
comparing subcutaneous injections of insulin analogues (lispro
and aspart) to regular insulin intravenous infusions in patients
with mild to moderate DKA and revealed no statistical difference
in the time to resolution of DKA or rates of hypoglycemia [22].

The benefits of administering subcutaneous insulin
injections hourly outside of the intensive care setting must also
be weighed against the increased demands on nursing staff in
medical wards, increased variability with dose administration
times, time to onset of action, peak effect, and duration of effect

[23].

Recent studies have demonstrated the therapeutic feasibility
and cost-effectiveness of the treatment of mild uncomplicated
DKA with insulin analogs outside of the ICU setting; however,
the proposed subcutaneous insulin protocols have yet to find
widespread support from hospital administrations and treating
physicians [10]. Lack of nursing and medical staff training,
presence of multiple comorbidities in diabetes patients,
insufficient resources with which to conduct frequent bedside
glucose testing in hospital wards, and the absence of financial
incentives to treat DKA outside of ICUs are some of the factors
that diminish the enthusiasm of providers to take on this
important issue of health care resource utilization without
compromising patient care [10]. Future trials testing less
complex subcutaneous insulin delivery protocols should be
considered in an attempt to simplify management of mild DKA
in a non-ICU setting [10].

The use of constant intravenous insulin infusions is now
generally considered to be the standard of care in most hospitals
[24]. But in a large part the choice of route insulin therapy for
patients with DKA is institution dependent [24].

Severity of DKA and it influence on the site of
hospitalization

Diagnostic criteria for DKA include presence of blood
glucose >250mg/dL, arterial pH of <7.30, bicarbonate level of
<18m Eq/L, and adjusted for albumin anion gap of >10-12 [4].
The Joint British Diabetes Societies suggest that the presence
of one or more of the following may indicate severe diabetic
ketoacidosis and admission to a Level 2 / high-dependency unit
environment and insertion of a central line and immediate senior
review should be considered: blood ketones over 6mmol/l;
bicarbonate level below 5mmol/l; venous/arterialpHbelow?7.1;
hypokalemia on admission (under 3.5mmol/l); Glasgow Coma
Scale (GCS) less than 12 or abnormal AVPU (Alert, Voice, Pain,
Unresponsive) scale; oxygen saturation below 92% on air
(assuming normal baseline respiratory function); systolic blood
pressure below 90mmHg; pulse over 100 or below 60 b min;
anion gap above [25].

Significance of standardized protocols for DKA
management and medical staff education

Several guidelines for the management of DKA have been
suggested [4,25-27]. One approach to delivering best clinical
practices is development of inpatient standardized protocols for
DKA management. Studies have shown that protocol-directed
care of patients with DKA is both safe and efficient, as highlighted
by significant decreases in length of stay without increases in the
rate of iatrogenic complications [10,28,29].

Patients treated under these protocols expe-rienced a
decrease in time to resolution of ~10 hours without increased
rates of iatrogenic hypoglycemia or hypokalemia [9]. Other
studies have also demonstrated suboptimal care as a result of
low adherence stemming from discontinuity of medical care,
understaffing, and low experience in the care of DKA patients
[30,31].

Therefore, there is a need for ongoing medical staff education
and training in order to increase protocol adherence in patients
with DKA. The care of patients with DKA should be a collaborative
effort that includes the expertise of endocrinology, intensive
care, medical pharmacy, and nursing specialists [10]. Recent
studies showing clinical benefits and safety of subcutane-ous
insulin administration in patients with mild DKA and utility of
protocol-driven care offer new pathways to reducing the cost of
DKA care while maintaining quality of clinical outcomes. Also,
resources should be directed toward the education of primary
care providers and patients and their families so that they can
identify signs and symptoms of uncontrolled diabetes earlier [3].
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Summary and Outlook

Optimal place of hospitalization must be based on the
severity of DKA, possibility of route of administration of insulin,
quality and education of medical team and medical word for
appropriate monitoring and laboratory analyzes.

The current available guidelines state that the most effective
means of insulin delivery during DKA is a continuous infusion
of regular insulin, usually referred to as continuous low-
dose insulin infusion [4,25,27]. Therefore, all patients with
severe DKA requiring intravenous insulin treatment must be
hospitalized in an ICU unit. Patients with mild to moderate DKA
can be hospitalized in a medical word if it has trained staff and
conditions suitable for adequate management and monitoring of
these patients.

The issue of cost effectiveness in the treatment of DKA is also
very importantas treatment with continuous intravenous insulin
infusion in ICU unit is more resource intensive as compared to
hourly subcutaneous insulin injection or even intravenousinsulin
infusion in the medical ward. Adhering to the existing protocols
in the treatment of DKA including rehydration, correction of
electrolyte derangements, administration of insulin, correction
of metabolic acidosis, and treatment of precipitants must be
performed in all institutions and wards managing patients with
DKA.
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