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Background: Diabetic ketoacidosis is a potentially fatal disease that affects adults. Therefore, rapid detection and treatment are
required to decrease mortality rates. Most of the earlier research on diabetic ketoacidosis in Ethiopia concentrated on its prevalence
and associated factors. This study aimed to assess the treatment outcomes of diabetic ketoacidosis and its associated factors in adult
patients admitted to St. Paul’s Hospital Millennium Medical College, Addis Ababa, Ethiopia, in 2023.

Methods: This institution-based retrospective cross-sectional study was conducted with a sample size of 357. The data were entered
in Epidata version 4.6 and exported to the Statistical Package for the Social Sciences (SPSS) version 25 for analysis. Adjusted Odds
Ratio (AOR) with a 95% confidence interval was estimated to determine its association with outcome of treatment.

Results: Three hundred fifty-seven diabetic ketoacidosis patients’ charts were reviewed. Fourteen (3.9%) diabetic ketoacidosis (DKA)
patients had died. Those Patients with diabetic ketoacidosis who had acute comorbidity (presence of sepsis) (AOR = 3.24, 95% CI: 1.20-
10.2), international unit (IU) insulin administration in the 1st 24 hours (AOR = 8.046, 95% CI: 3.881-25.32), fluid replacement in the 1st
24 hours (AOR = 5.84, 95% CI: 1.53-10.07), and potassium replacement (AOR = 3.08, 95% CI: 1.835-5.817) were independently
associated with treatment outcome of diabetic ketoacidosis. Insulin administration for the first 24 hours more than >60 IU insulin showed
improvement in treatment outcome by 8.04 times more likely than less <60 IU insulin administration for the first 24 hours. More >6 liters
fluid replacement in the first 24 hours had improvement in treatment outcome by 5.84 times more likely than <6 liters fluid replacement.
Conclusion: A considerable proportion of the patients with diabetic ketoacidosis died at St. Paul’s hospital millennium medical
college. Stakeholders must emphasize the treatment of patients with diabetes (diabetic ketoacidosis), according to the recommenda-
tions of local and international guidelines.
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Introduction

Diabetic Ketoacidosis (DKA) is a life-threatening acute hyperglycemic complication associated with diabetes mellitus
(DM)." With a blood sugar level of at least 14.0 mmol/l, presence of urine or plasma ketones, and serum bicarbonate
level of less than 18 mmol/l required for the diagnosis of DKA. It appears that DKA still has a high fatality rate during
inpatient therapy.! DKA may be triggered by medications that alter carbohydrate metabolism, including corticosteroids,
thiazides, sympathetic mimetic drugs, and pentamidine. Both conventional and atypical antipsychotic medications are
associated with a low risk of hyperglycemia and DKA.?
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Typically, a fruity odor is detectable upon inspection, and breathing is typical of DKA, such as rapid, shallow
Kussmaul breathing, or other polycythemia-related symptoms. Numerous other symptoms, including anorexia, nausea,
vomiting, stomach discomfort, and weight loss may also be reported.® Increases in counter-regulatory hormones and
decreased peripheral glucose utilization, such as glucagon, are related to it. These factors lead to hyperglycemia and
hyperosmolality, resulting in electrolyte loss and osmotic diuresis.*

DKA can be treated with the administration of fluids like normal saline, ringer lactate, and dextrose in water because
it results in fluid loss through osmosis.>® With the right care, DKA can be successfully treated within 12 to 36 hours,
preventing complications and effectively reducing mortality.” Since DKA is a severe acute complication of diabetes
mellitus, it should be treated as quickly as possible with 10-20mL/kg of 0.9% normal saline and 0.5-0.1 unit/kg of
insulin drip for the first hour, followed by 0.45% of normal saline plus continued insulin drip and addition of 20mEQ/1 of
potassium phosphate and acetate until the resolution of DKA for the following two hours, and addition of 0.5% of DW if
the blood glucose level reaches 250 mg/dl.®

DKA, which is associated with considerable morbidity and mortality in patients with type 1 and type 2 DM, is
the most serious hyperglycemic emergency. In a study conducted by the American Diabetes Association
(Hyperglycemia Crises in Adult Patients with Diabetes During treatment of DKA treatment), the average treatment
time until blood glucose is 250 mg/dl and ketoacidosis, bicarbonate >18 mmol/l is corrected to 6 and 12 hours,
respectively.” Hyperglycemia is cured more quickly than ketoacidosis. Five percent dextrose should be adminis-
tered to replacement fluids after the plasma glucose is below 200 mg/dl to allow for sustained insulin treatment
until ketonemia is under control while also preventing hypoglycemia.*>

In-hospital mortality in DKA was found to be 10% in 2015 according to a prospective study conducted in
a tertiary care facility in Karnataka, India.” In a study conducted in Riyadh, Saudi Arabia, at King Abdul-Aziz
Medical City, majority (98.2%) of the admitted DKA patients improved and were discharged.'® In Africa, DKA
was high mortality rate. According to studies from Kenya, Tanzania, and Ghana, there is an unacceptability high
mortality rate, with a fatality rate of 26 to 29%.'' In Malaysia and Zambia, the mortality rates were 16.7% and
17.6%, respectively.'? A retrospective study was conducted at Debre Tabor General Hospital most majority 95.6%
of the patients improved and discharged, whereas 4.4% patients died in the hospital.'? Patients who participated in
the trial at Jimma University Specialized Hospital had a 74% in-hospital improved and discharge from DKA.'*

Generally, understanding the factors associated with diabetic ketoacidosis treatment outcomes is crucial for identify-
ing patients at risk of this complication. Therefore, this study describes the treatment outcomes and factors associated
with diabetic ketoacidosis in the emergency and medical wards.

Methods and Materials
Study Area and Study Period

This study was conducted at St. Paul’s hospital millennium medical College. The institution was selected using a simple
random sampling procedure.

Although the medical school opened in 2007, the hospital was established in 1968 by late Emperor Haile Selassie II. Currently,
the hospital provides services to more than 5 million people as a catchment area. It provides both specialty and subspecialty
services including pediatrics, surgery, gynecology, obstetrics, and internal medicine. The hospital has more than 700 beds. The
flow rate of patients ranges from 600 to 800 per day. The weekly diabetic follow-up clinic service to 500—600 patients per month.
On average, approximately 1300 DKA patients have been admitted to the emergency department and medical wards per year."”

The study was a three years retrospective chart review from January 01/2020 to December 30/2022. This study was
conducted between February 1/2023 and April 20/2023.

Study Design and Population

This institutional retrospective cross-sectional study was conducted to assess the outcomes of diabetic ketoacidosis and
its associated factors at St. Paul’s hospital millennium medical college, Addis Ababa, Ethiopia. All patients admitted with
diabetic ketoacidosis at Addis Ababa public hospitals were the source population, and all patients admitted with diabetic
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ketoacidosis at St. Paul’s hospital millennium medical college were study population. Charts of patients with diabetic
ketoacidosis who were reviewed during the collection period at St. Paul’s hospital millennium medical college were used
as the study units.

Inclusion and Exclusion Criteria
The patients’ charts reviewed from February 01/2020 to March 30/2023, and patients aged 18 years and above who had
been diagnosed with DKA and received treatment in the hospital’s emergency room and medical ward were included.

Sample Size Determination and Sampling Procedure

The sample size was determined by using a single-population proportion formula. According to study that was done on acute
management of diabetic ketoacidosis in Addis Ababa at Tikur Anbessa hospital’s adult emergency department and medical
wards, 51.8% of the patients were discharged with improvement.'® The desired precision of 5% and 95% confidence
intervals were used for the calculation; the sample size was 384. With finite population correction formula, the final sample
size was set to 357. A simple random sampling procedure was used to select one hospital from the 11 governmental hospitals
(Figure 1). Therefore, 357 study participants were sampled from the hospital using a systematic sampling method from the
emergency and medical DKA registry sheets using the patient’s medical registration number sampling frame.

Addis Ababa City Administration

Federal ministry of <€ > Addis Ababa Health

health bureau

l !

-Dagmawi Menilik hospital
-Ras Desta Damitew hospital
-Tirunesh Beijing general
hospital

-St-peter specialized hospitals
-Alert hospital

-Torhailoch general hospital
-Federal police hospital

-St Paul’s hospital mmc —éevr\:j:iuﬁo;pltﬁll hospital
-Tikur Anbesa hospital a emorial nospita

\ By simple random sampling
(lottery method)

T

St Paul’s hospital MMC

<By Systematic random samplD

357 participants

Figure | The schemes presentation of sampling procedure to select study participants from Addis Ababa governmental hospitals, 2023.
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Data Collection and Procedure

Data were collected using a pretested checklist prepared in English. The questionnaire/checklist was adapted by
reviewing the literature and similar previous studies.'®'* Medical data were obtained from patient records. Five data
collectors and one supervisor were recruited from among the healthcare providers who worked in emergency departments

and medical wards.

Data Quality Control and Management

One day of training for five nurses and one physician was provided on data collection methods, and a pretest was
performed using 5% (18) of patients’ charts at Tirunesh Beijing General Hospital. The purpose of the pre-test was to
ascertain the data collectors’ understanding of the items in the chart, appropriateness of responses, and time required to
fill out the questionnaire/checklist. A reliability estimate was conducted, and the Cronbach’s alpha was 0.8 for the
ketoacidosis outcome and associated factor measurement tools. Daily supervision was conducted by the lead investigator
and supervisor, and during data collection, data were checked for completeness on a daily basis.

Data Analysis Procedure

After data collection was completed, the data were checked for properly collected, recorded, coded, entered, and cleaned
into Epi Data version 4.6 and exported to the Statistical Package for the Social Sciences (SPSS) version 25 for analysis.
Descriptive statistics, including frequency, proportion, and mean of variables, were used to report the descriptive results.
Variables with a p-value <0.25 in bi-variable logistic regression analysis were fitted with multiple logistic regression
analysis. In the multivariate logistic regression model, fitness was tested using the Hosmer—Lemeshow goodness-of-fit.
Adjusted odds ratio (AOR) with a 95% confidence interval was estimated to assess the strength of the association with
the outcome of ketoacidosis treatment. Statistical significance was set at p <0.05. Finally, the processed data were
presented by creating frequencies and percentages using tables, texts, and graphs.

Result

Socio-Demographic Characteristics of the Study Participants

In total, the charts of 357 DKA patients were reviewed. Majority of the respondents (39.8) were found to be in the age
category of 18-30 years, 193 (54.1%) of the respondents were male, and 205 (57.4%) were urban residents. From the
reviewed charts, 14 (3.9%) DKA patients had poor outcome that was death (Table 1).

Clinical Profile of Participants

Regarding the biochemical profile of the adults admitted with DKA in emergency and medical ward, among 357 adults
with DKA, poly symptoms (87.1%) were reported by most patients with DKA, followed by abdominal pain (31.7%).
Hyponatremia occurred in 92 (25.8%) and hypokalemia (serum concentration of potassium less than 3.5 mmol/l) 90
(25.2%) and random blood glucose level 425.17 + 75.45. Majority of the adults 311 (87.1%) had been diagnosed with
type 1 DM (Tables | and 2).

Among 357 adults with DKA, approximately 200 (56.0%) had presence of sepsis, 232 (65%) had respiratory tract
infections, urinary tract infection accounts for 243 (68.1%) and gastrointestinal infections 204 (57.1) (Table 2).
Approximately 22 (6.2%) of them had 00 and trace urine ketone levels, 53 (14.8%) of them had urine ketone level
+1, 142 (39.78%) of them had urine ketone level +2 the rest and 140 (39.22%) of had urine ketone level +3 (Figure 2).

Concerning the management protocol of DKA patients, the most common type of fluid used for bolus was 0.9%
normal saline 147 (41.2%) and 158 (44.3%) of respondents took above 6 litters of total fluid. Of the total insulin
administered in the first 24 h, 147 (41.2%) were taken 40IU-601U and 306 (85.7%) received potassium replacement, and
also 213 (59.7%) had 3-5 days of hospital stay (Table 3).
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Table | Socio-Demographic Characteristics of DKA Patients and Their
Outcome Admitted to SPHMMC Emergency Department and Medical
Ward, Addis Ababa, Ethiopia, 2023 (n = 357)

Variables Frequency (n = 357) | Percent (%)
Age 18-30 142 39.8%
30.1-40 36 10.1%
40.1-50 71 19.9%
50.1-60 72 20.2%
>60.1 36 10.1%
Sex Male 193 54.1%
Female 164 45.9%
Residence Urban 205 57.4%
Rural 152 42.6%
Treatment outcome | Improved 343 96.1%
Died 14 3.9%
Table 2 Clinical Features DKA Patients Admitted to SPHMMC Emergency Department and
Medical Ward, Addis Ababa, Ethiopia, 2023 (n = 357)
Variables Categories Frequency Percent (%) Mean £ SD
(n =357)
Diarrhea Yes 77 21.6%
Vomiting Yes 82 23.0%
Abdominal pain Yes 13 31.7%
Loss of consciousness Yes 64 17.9%
Dehydration Yes 107 30.0%
Poly symptoms Yes 311 87.1%
Presence of sepsis Yes 200 56%
Presence of RTI Yes 232 65%
Presence of GI Yes 204 57.1%
Presence of skin Yes 33 9.2%
Presence of UTI Yes 243 68.1%
Presence of renal failure Yes 10 2.8%
RBG 425.17474.45
Sodium mmol/l 355-145 223 62.5%
>145 42 11.8%
<135 92 25.8%
(Continued)
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Table 2 (Continued).

Variables Categories Frequency Percent (%) Mean £ SD
(n =357)
Potassium in mmol/l 3.5-55 144 40.3%
>5.5 123 34.5%
<35 90 25.2%
Creatinine level (mg/dl) 0.5-5.5 206 57.7%
>l 151 42.3%
Urine ketone 2.12+.88

Factors Associated with Treatment Outcome (Death) of Adult Patient with DKA
Bi-variable logistic regression analysis indicated that polysymptoms, presence of sepsis, presence of skin infection,
presence of pulmonary edema, insulin administration for the first 24 hours, and amount of IV fluid bolus in liter and
potassium replacement therapy were variables that qualified the assumption (p < 0.25) and were considered candidates
for multi-variable analysis.

Level of urine ketone

Percent

ketone

Figure 2 The urine ketone level of DKA patients admitted to SPHMMC emergency department and medical ward, Addis Ababa, Ethiopia, 2023 (n=357).
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Table 3 Biochemical Profile and Management Protocol DKA Patients Admitted to
SPHMMC Emergency Department and Medical Wards, Addis Ababa, Ethiopia, 2023

(n = 357)
Type of iv fluid bolus 0.9% 147 41.2%
5%dw 119 33.3%
Ringer lactate 9l 25.5%
Amount of iv fluid bolus in liter <3 79 22.1%
3-6 120 33.6%
>6 158 44.3%
Insulin administered in the first 24 hour <40 119 33.3%
40-60 147 41.2%
>60 9l 25.5%
Potassium replacement Yes 306 85.7%
No 51 14.3%
Number of days hospital stay 1-2 80 22.4%
3-5 213 59.7%
>5 64 17.9%

The multivariable logistic regression analysis results indicated that the presence of sepsis, insulin administration for
the first 24 h, amount of intravenous fluid bolus in litters, and potassium replacement variables were associated with the
treatment outcome of DKA (death).

In a multivariable logistic regression analysis, participants who had acute co-morbidity (presence of sepsis) 3.24 times
(AOR = 3.24, 95% CI: 1.20-10.2, p < 0.024) more likely to die as compared to those patients who had no presence of
sepsis. Study participants who took insulin administration for the first 24 hours more than >60 IU insulin showed
improvement in treatment outcome by 8.04 times (AOR = 8.046, 95% CI: 3.881-25.32, p < 0.007) more likely than less
<60 IU insulin administration for the first 24 hours. Study participants who treated with more >6 liters fluid replacement
in the first 24 hours had an improvement in treatment outcome by 5.84 times (AOR = 5.84, 95%, CI: 1.53-10.07, p <
0.031) more likely than <6 liters fluid replacement. Similarly, the participant patient who did not receive potassium as
a replacement 3.08 times (AOR = 3.08, 95% CI: 1.835-5.817 p < 0.006) more likely to die as compared to those patient

who received potassium as replacement (Table 4).

Table 4 Factors Associated with Treatment Outcome of DKA Patients Admitted to SPHMMC Emergency
Department and Medical Ward, Addis Ababa, Ethiopia, 2023 (n=357)

Variables Treatment Outcome COR (CI195%) | P vale AOR (CI 95%)
Improved Died
Poly symptoms No 42 5 |
Yes 301 9 3.981(0.860-9.552) 0.542 | 2.867 (0.266—12.394)
Presence of sepsis No 119 8 |
Yes 238 6 2.666(1.025-8.838) 0.024 3.24(1.20-10.2)*
(Continued)
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Table 4 (Continued).

Variables Treatment Outcome COR (CI195%) | P vale AOR (CI 95%)
Improved Died

Presence of skin Yes 29 4 |

No 314 10 0.231(0.068-0.782) 0.71 1.121(0.020-1.170)
Presence of pulmonary edema No 326 I |

Yes 17 3 0.191(0.049-0.750) 0.077 0.91(0.852-22.395)
Insulin adminis the first 24 hour | <40 U 69 9 | 0.010

40-60 1U 139 3 6.04 (0.78.7.418) 0.140 4.53(0.61-8.470)

>60 U 135 2 8.80(2.46-21.00) 0.007 8.046(3.881-25.32)*
Amount of iv fluid bolus in liter | <3 78 8 | 0.066

3-6 108 3 3.69(1.35-9.62) 0.629 3.60(0.750-7.220)

>6 157 3 5.36(2.07-16.347) 0.031 5.84(1.53-10.07)*
Potassium replacement Yes 299 9 |

No 44 5 3.77(0.026-0.255) 0.006 3.08(1.835-5.817)*

Note: *Associated factors for death of adult patient with DKA (p-value < 0.05).

Discussion

This facility-based cross-sectional study was designed to determine ketoacidosis treatment outcomes at a selected
governmental hospital (St. Paul’s Hospital Millennium Medical College) in Addis Ababa. This study also addressed
the socio-demographic characteristics, clinical profiles, comorbidity, complication, management protocol, and treatment
outcome of patients with DKA. The results address the main and specific objectives of this study.

The overall number of deaths in this study was 14 (3.9%). When compared with studies that were done in different
countries, the studies that were conducted in Kenya, Malaysia, and Zambia, the mortality rates were 26%, 16.7%, and
17.6%, respectively.”'”'® In Ethiopia, a retrospective study carried out at Shashemene Referral Hospital and Adama
General Hospital were 12% and (15.1%), respectively.®'? There was a higher percentage of improvement in treatment
outcomes in Riyadh, Saudi Arabia, and King Abdul-Aziz Medical City (98.2%)."* The variability in the outcome of
treatment may reflect the different systems in which this study was conducted; factors may influence treatment, study
designs, study times, and multi-specialized hospitals.

Sepsis was positively associated with diabetic ketoacidosis death outcomes. This finding is agreed with a study
conducted in Jimma Zone Hospital and Saudi Arabia.'®?° This might be because sepsis results in the production of
counter-regulatory hormones, such as adrenaline and cortisol, which decrease the effect of insulin on glucose
regulation.'?

DKA patients treated with less than six liters fluid replacement in the 1st 24 hours had a positive association with the
outcome of treatment. This finding was supported by a study conducted in Adama and East Africa.®'? This may be
because further fluid therapy should be administered at a rate sufficient to maintain adequate blood pressure, urine output,
and mental status to correct the estimated water deficit over 24 h.

In addition, DKA in patients who did not receive potassium replacement was significantly associated with treatment
outcomes. Different findings also support that, adding 2040 mmol/l KCI would usually result in adequate replacement,
keeping the serum potassium around 4.5 mmol/l.'> This might be because if potassium replacement therapy is not
administered to adult patients, hypokalemia leads to cardiac conduction problems, such as cardiac dysthymia. Therefore,
unless the patient exhibits hyperkalemia or anuria, potassium should be added to the intravenous fluids at the beginning
of the second hour of therapy.
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Conclusion

The overall treatment outcome of the patients with DKA admitted to emergency department and medical ward was 14
(3.9%). There was a high in-hospital mortality rate owing to correctable causes. After adjusting for other confounding
variables, the main factors for the DKA treatment outcome of death were the presence of sepsis, less insulin adminis-
tration for the first 24 hours, less bolus IV fluid administration, and lack of potassium replacement.
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