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Abstract

Background: Diabetic ketoacidosis (DKA) is an acute metabolic healthcare crisis in patients with diabetes
mellitus. The current study aimed to compare the effectiveness of rapid-acting insulin analog administered
subcutaneously with regular insulin infused intravenously among the DKA patients.

Methodology: In this prospective open labelled study, 100 consecutive DKA patients were randomly assigned
to two groups. Group 1 patients were admitted to the intensive care unit (ICU) and treated with intravenous
regular insulin infusion. Group 2 patients were managed in the emergency medical ward with subcutaneous
rapid-acting insulin. Response to the therapy was assessed by the follow-up investigations of the biochemical
parameters, including blood glucose concentration, serum ketones, pH, serum electrolytes including
bicarbonates, sodium and potassium concentration until the resolution of DKA. Furthermore, the overall
duration of therapy (blood glucose level < 250 mg/dl), time and amount of insulin administered until the
resolution of DKA, were also assessed.

Results: The baseline clinical and biochemical parameters were similar between the two treatment groups
except for blood glucose and sodium concentration. The mean random blood sugar (RBS), acid-base
parameters and concentration of ketone bodies were significantly improved from admission until the resolution
of DKA. There was no significant difference in the duration of therapy (p=0.07). While the time and amount of
insulin therapy required until resolution of DKA were significantly reduced among the patients treated
subcutaneously with rapid-acting insulin, i.e. 16.36 £+ 6.92 hrs and 59.28 + 30.05 units (p<0.05).

Conclusion: The patients with less complicated DKA can be managed with rapid-acting insulin analog in the
medical wards obviating the need for admission to the ICU. With relatively better outcomes, it is an effective
alternative to regular intravenous insulin infusion for DKA resolution.
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Introduction

Diabetic ketoacidosis (DKA) is a severe life-

threatening emergency condition triggered by
abnormally high blood glucose concentration
among patients with type 1 and type 2 diabetes.
This serious metabolic derangement involves the
biochemical triad of uncontrolled high blood
glucose, increased ketones and metabolic acidosis.
The combination of absolute or relative insulin
deficiency and an increase in the release of
counter-regulatory hormones like glucagon,
catecholamine's, cortisol, and growth hormone
result in this complication’. Type 1 diabetes
patients are more prone to DKA, yet several studies
suggest the patients with either type 1or 2 diabetes
are equally likely to encounter this potential threat.
Nearly one-third of the DKA cases are associated
with type 2 diabetes mellitus®. According to the
most recent systematic review, a total of eight
studies have reported the incidence range of 0-56
per 1000 person-years (PYs), one reported 263 per
1000 PYs and eleven studies reported 0-128 per
1000 PYs. Moreover, it was also found that the DKA
prevalence decreased with increasing age*.

Close  monitoring  of  diabetic  patients,
management of electrolytic disturbances and
understanding the DKA pathophysiology have
resulted in a significant reduction in the overall
morbidity and mortality rate associated with this
public health concern. Numerous healthcare
guidelines for DKA management among both
children and adult diabetic patients have been
formulated®”. The primary treatment involves
administering regular insulin via continuous
intravenous infusion or frequent subcutaneous
injections  of rapid-acting insulin  analogs®.
However, the effectiveness of low-dose insulin
therapy has been confirmed regardless of the
administration route. Although the administration
of continuous intravenous infusion of regular
insulin preferable until the DKA resolution as the
subcutaneous insulin therapy comparatively has a
longer half-life and the onset of action is
delayed®™.

As per the American Diabetes Association (ADA)
recommendations for insulin administration, the
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treatment must encompass the transition to
intermediate-acting insulin and regular insulin
twice daily or multiple-dose regime of short-acting
or rapid-acting and intermediate-acting or long-
acting insulins. The literature reports a high rate
of hypoglycemic events among the patients
treated with intermediate-acting and regular
insulin after discontinuing intravenous insulin™. A
review conferring the treatment modalities for DKA
patients concluded that the treatment with rapid-
acting insulin analogs in the non-intensive care
(ICU) settings is as effective and safe as that with
the intravenous infusion of regular insulin in ICU™.
Nevertheless, the overall cost-effectiveness
associated with the use of insulin analogs cannot
be denied. Hence the administration of long and
rapid-acting insulin analogs for glycemic control is
a more practical approach to obviating
intermediate-acting and regular insulin™*.

Considering the paucity of work and subsequent
observations  regarding the efficacy of
subcutaneous injections of a rapid-acting insulin
and intravenous insulin. The present study aimed
to determine the comparative effectiveness of
regular insulin and rapid-acting insulin analogs for
DKA treatment.

Methodology

This prospective, open labelled study was
conducted in compliance with the ethical principles
of the Declaration of Helsinki at the Endocrine and
Medicine Department of Lady Reading Hospital
(LRH) from January to December 2018. The ethical
approval was obtained from the institutional review
board of LRH (Reference # 1887/MA; Dated 5-12-
2017), and written informed consent was acquired
from the study subjects before inclusion.

A total of 100 DKA fulfilled the inclusion criteria, i.e.
patients > 18 years of age (plasma glucose level >
250 mg/dl, serum bicarbonate level < 15 mmol/l,
venous pH < 7.30) either diagnosed with DKA for
the first time or previously diseased were recruited.
While the patients with severe comorbid
conditions, including myocardial infarction, end-
stage renal failure, hepatic diseases, Glasgow
Coma Scale (GCS) < 7, hypotension (SBP < 90
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mmHg), planned for any surgical procedure and
pregnant or lactating females were excluded from
the study sample. Also excluded were those
receiving glucocorticoids or immunosuppressive
agents for known or unknown reasons.

The sample size for the study was calculated using
World Health Organization (WHO) sample size
determination in health studies, keeping 80%
power of the test and 5% level of significance.
Recruited patients were equally categorized into
two groups. Subjects were randomly assigned to
the treatment groups through random number
sequence by Random Allocation Software version
2.0.0. After a thorough clinical assessment at the
admission time, the patient’s hydration status was
checked based on tongue dryness, reduced skin
turgor, sunken eyes, tachycardia, hypotension, and
decreased urine output. The intravenous fluids
were administered immediately; 0.9% of saline at
500-1000 ml/hr for 2 hrs, 0.45% of saline at 250-
500 ml/hr (until blood glucose < 250 mg/dl) and
dextrose 5% in 0.45% of saline at 150-250 ml/hr
(until resolution of DKA). Group 1 patients (n=50)
were admitted to the ICU setting, received an initial
bolus of 0.1 units/kg of body weight, followed by
continuous infusion of regular insulin at 0.1
units/kg/hr, which was reduced to 0.05 unit/kg/hr
when the blood glucose level was < 250 mg/dl.
Group 2 patients (n=50) were either managed in
the general medicine ward or step down unit,
received an initial subcutaneous dose of 0.3
units/kg/hr rapid-acting insulin analog, which was
reduced to 0.05 unit/kg/hr when the blood glucose
level was < 250 mg/dl.

Int. j. endorsing health sci. res.

78

The primary outcome of the study was the
determination of differences in the blood glucose
level (hourly), serum ketones, arterial blood gases,
serum electrolytes including bicarbonates, sodium,
and potassium (at 6 hrs, 12 hrs and 24 hrs) between
the two groups during the treatment course.
Secondary outcomes included the difference in the
treatment response concerning the duration of
therapy (blood glucose level < 250 mg/dl), time
and amount of insulin administered among the
patients of both groups until the resolution of DKA.
The statistical analysis was carried out using SPSS
version 22.0. Mean, and the standard deviation was
used to display all continuous variables while all
categorical variables were given as frequencies and
percentages. Chi-square test and independent t-
test were used to compare the patient baseline
characteristics and the treatment outcomes
between the study groups, where p-value < 0.05
was considered significant.

Results

The study included 100 DKA patients, 50 treated
with regular insulin by intravenous infusion, and
the remaining 50 were given rapid-acting insulin
analog subcutaneously. The baseline
characteristics of the patients of both groups are
shown in Table 1. The baseline lab investigations
were quite similar among the patients of both
groups, except for the mean RBS and sodium
concentrations. Group 1 patients had significantly
high mean RBS levels than the group 2 patients,
while the observations were inverse for the mean
sodium concentration among the two groups'
patients.

Table 1: Patient’s characteristics on admission.

Variables Overall Group 1 Group 2 p-
(n=100) Regular Rapid-acting value
Insulin Insulin
(n =50) (n=50)
Age (years) 19.82+7.70 19.42+7.50 20.22+7.95 0.60
Gender Male 49(49.0) 26(52.0) 23(46.0) 0.58
Female 51(51.0) 24(48.0) 27(54.0)
Weight (kg) 43.44+12.27 43.00+13.08 43.88+11.52 0.72
Type of diabetes Type 1 86(86.0) 45(90.0) 41(82.0) 0.25
Type I 14(14.0) 5(10.0) 9(18.0)
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Baseline lab investigation RBS 45795+72.04  486.56+70.26 429.34+62.27 0.001*
Ketones 4.31+£1.48 4.51+£1.48 4.12+1.48 0.19
PH 714+ 0.16 7.13+0.16 7.15+0.15 0.53
Bicarbonate  13.32+ 3.22 12.98+3.36 13.66+3.08 0.29
Potassium 3.81£0.45 3.78+0.49 3.84+0.41 0.45
Sodium  135.21+4.99 133.57+£4.31 136.86+5.12 0.001*
HbAlc  10.75+1.39 10.72+1.60 10.78+1.15 0.82
Glasgow Coma Scale* 12-15 65(65.0) 33(66.0) 32(64.0) 0.36
7-1 33(33.0) 17(34.0) 16(32.0)
3-6 2(2.0) - 2(4.0)

Values are given as mean + SD and n(%).
*p-value < 0.05 is considered significant.

Table 2 shows significant variations in the follow-up investigations of the biochemical parameters among the
patients of both treatment groups (p<0.05).

Table 2: Follow up analysis of lab investigations in regular and rapid-acting groups.

Biochemical Group 1-Regular Insulin (n =50) Group 2-Rapid acting Insulin (n= 50)
Parameters Baseline 1st Follow 2nd Follow p- Baseline 1st Follow 2" Follow p-
up up value up up value
RBS 486.56+70.26  368.10+64.52 303.24+50.94 0.0017* 429.34+6228 369.22+36.28 292.54+47.81 0.001*
Ketones 4.51+£1.48 2.33+1.02 1.0+£0.52 0.001* 412+1.48 2.29+137 0.73+0.41 0.001*
PH 7.13+0.16 7.26+0.10 7.34+0.07 0.001* 7.15+0.15 7.26+0.10 7.34+0.08 0.001*
Bicarbonate 12.98+3.36 17.96+2.60 23.74+217  0.001*  13.65+3.08 19.08+3.09 24.07+1.65  0.001*
Potassium 3.78+0.49 3.72+0.45 3.79+0.32 0.001* 3.85+0.41 3.58+0.45 3.79+0.32 0.001*

Values are given as mean + SD.
*p-value < 0.05 is considered significant.

There was no significant difference in the duration of blood glucose decline (20.32 + 10.96 hrs vs. 16.56 + 9.69
hrs) between the two study groups. While the time and amount of insulin therapy required until resolution of
DKA significantly varied among the patients of both groups, i.e. 74.56 + 37.97 units vs. 59.28 + 30.05 unit and
20.08 £ 8.00 hrs vs. 16.36 + 6.92 hrs, respectively.

Table 3: Treatment responses among the patients of the two study groups.

Parameter

Group 1 Group 2

. . . . p-value
Regular Insulin  Rapid-acting Insulin
(n =50) (n= 50)
Duration of therapy (blood glucose < 250 mg/dl) (hrs) 20.32 +10.96 16.56 + 9.69 0.07
Duration of therapy until DKA resolution (hrs) 20.08 + 8.00 16.36 + 6.92 0.02*
Amount of insulin until DKA resolution (units) 74.56 + 37.97 59.28 + 30.05 0.03*

*p-value < 0.05 is considered significant.
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Discussion

The local literature from Pakistan has focused on

the prevalence, clinical characteristics and
outcomes of DKA™, but little is known regarding
the therapeutic effectiveness of insulin analogs for
the management of this complication. The study
results showed that the administration of
subcutaneous rapid-acting insulin was as effective
as the treatment with intravenous infusion of
regular insulin among the DKA patients. Initially,
during the early treatment phase, there were no
significant  differences in  the laboratory
investigations among the two groups' patients,
except for the mean RBS and sodium
concentration  (p=0.001). The  comparable
treatment response among the patients treated
with rapid-acting or regular insulin for DKA
resolution during this study is consistent with
several previous studies indicating equal

effectiveness of the two therapeutic approaches'®
20

Both the study drugs effectively controlled the
glucose concentration and improved other
laboratory parameters from the first baseline
investigation until DKA resolution (p<0.05). The
mean blood glucose concentration and acid-base
parameters at the resolution of DKA among the
patients treated with rapid-acting insulin (RBS
292.54 + 47.81 mg/dl, pH 7.34 + 0.08, bicarbonate
24.07 + 1.65 mmol/l) were similar to those
observed among the patients treated with regular
intravenous insulin (RBS 303.24 + 50.94 mg/dl, pH
7.34 + 0.07, bicarbonate 23.74 + 2.17 mmol/l).
Besides, we also found that ketone bodies'
concentration was lower among the patients of
group 2 treated with subcutaneous insulin
methods than those treated with regular insulin in
group 1. In support, a review including the results
of five randomized controlled trials (RCTs)
comparing the treatment outcomes associated
with  subcutaneous insulin  analogs versus
intravenous regular insulin infusion among DKA
patients?’. Castellanos et al. found neither the
advantages nor the disadvantages between either
of the treatment groups. Furthermore, Ersoz et al.
and Latif et al. revealed that administration of
subcutaneous insulin analogs and intravenous
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regular insulin infusion is equally effective for
treating DKA?*2. Our findings differ from a
prospective randomized study carried out by Fisher
et al. comparing the effects of intravenous,
intramuscular ~ and subcutaneous insulin
administration among DKA patients. They revealed
that the blood glucose and ketone body
concentration  were lower, and acidosis
improvements were faster among the patients
treated intravenously with regular insulin than
those treated intramuscularly or subcutaneously®*.
An important and interesting finding of our study
was that the mean duration of treatment (20.08 +
8.00 hrs and 16.36 + 6.92 hrs; p=0.02) and the
amount of insulin administered until resolution of
DKA (74.56 + 37.97 hrs and 59.28 + 30.05 hrs;
p=0.03) were significantly different among the
patients of the two groups. Contrastingly, other
studies report no statistically significant difference
in terms of the amount of insulin infusion and the
mean duration of treatment to resolve DKA
between the two treatment groups®?. While
Razavi et al. reported in support of our results, they
found that the amount of insulin units required
until the resolution of DKA was lower among the
patients treated with subcutaneous insulin analog
than those treated with regular insulin®.

Among the major limitation of the study was the
small sample size. We had excluded the patients
with myocardial infarction, end-stage renal failure,
hepatic diseases, and hypotension. Hence,
additional  large  prospective  randomized
controlled trials are recommended to address the
treatment outcomes among a patient population
with comorbidities. Furthermore, we had not
assessed the cost-effectiveness of the two
treatment approaches, as subcutaneous insulin
administration tends to be more expensive.
However, the dose adjustments and requirement
of ICU or medical ward greatly impact the overall
cost of healthcare, which needs to be investigated.

Conclusion

It is concluded from the study results that the

intravenous administration of regular insulin and
subcutaneous rapid-acting insulin significantly
controlled the blood glucose concentration and
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improved other acid-base parameters and
concentration of ketone bodies. Nevertheless, the
treatment  with  rapid-acting  insulin  is
comparatively more effective than the regular
insulin. It is associated with lower mean blood
glucose concentration, significantly reduced mean
duration of treatment and the amount of insulin
required until DKA resolution. Hence, the
subcutaneous insulin administration with better
treatment outcomes obviates the need for
admission in the ICU setting.
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