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Diabetic Background : Diabetic Ketoacidosis (DKA) is a severe complication of Type 1

Ketoacidosis, Diabetes (T1D) in children, associated with significant morbidity and mortality. The

Type 1 mortality rate varies between <1% in developed countries and 3-13% in developing

Diabetes, countries. Effective management of DKA necessitates accurate prognostic assessment

Pediatric to prevent adverse outcomes. This study investigates the role of serum lactate levels,

Mortality, severe dehydration, and admission blood sugar levels as predictors of mortality in

Serum Lactate, pediatric DKA.

Dehydration, Methods: This prospective observational study was conducted over one year at

Blood Sugar SMGS Hospital, Jammu. It included pediatric patients (0-17 years) diagnosed with

Levels DKA. Data were collected on demographics, clinical features including severity of
dehydration and laboratory findings including admission blood sugar , blood gas and
urinalysis analysis, and treatment details. Outcomes assessed were length of hospital
stay, intensive care requirements, and mortality.
Results: Fifty patients (50% male, median age 10.5 years) were studied. The mortality
rate was 8%. Non-survivors had significantly higher mean serum lactate (7.95 mmol/L
vs. 5.97 mmol/L; p=0.043) and blood sugar levels (521.5 mg/dL vs. 367.83 mg/dL;
p=0.001) compared to survivors. Severe dehydration was present in 100% of non-
survivors vs. 13.04% of survivors (p=0.0009). Despite these findings, multivariate
regression did not identify any variable as an independent significant risk factor for
mortality.
Conclusion: Elevated serum lactate levels, severe dehydration, and high admission
blood sugar levels are associated with increased mortality in pediatric DKA. These
findings highlight the need for precise assessment and management to improve
outcomes. Further research is necessary to validate these predictors and optimize DKA
management strategies.

Introduction

Type 1 Diabetes (T1D) is a prevalent chronic condition in children and often presents with Diabetic
Ketoacidosis (DKA) as a severe, life-threatening complication. DKA is characterized by
hyperglycemia, metabolic acidosis, and ketonemia or ketonuria™™. It frequently represents the
initial clinical manifestation of previously undiagnosed T1D, with incidence rates at diagnosis
varying between 15% and 70% in Europe and North Americal?l.
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Despite advancements in diabetes management, DKA remains a significant cause of morbidity and
mortality in pediatric T1D patients. In developed countries, the mortality rate from DKA is <1%,
while in developing countries, it is significantly higher, ranging from 3% to 13%l. Early
recognition and effective management are crucial to preventing adverse outcomes. Assessing the
prognosis in DKA is essential to avoid both overtreatment and long-term complications. This study
aims to assess the role of serum lactate levels, severe dehydration, and admission blood sugar
levels as predictors of mortality in pediatric DKA. The insights gained from this study are expected
to enhance understanding of key predictors, potentially guiding and optimizing management
strategies to improve outcomes for affected children.

Methods
This Prospective study was done in department of paediatrics , Govt Medical College Jammu over
a period of 1 year from 1% may 2023 to 30" April 2024, which serves as a high-volume, resource-
limited center for pediatric patients. All pediatric patients (aged 0-17 years) diagnosed with DKA
and admitted during the study period were enrolled in this research study. DKA was defined
according to standard clinical criteria: hyperglycemia (blood glucose >200 mg/dL), venous pH
<7.3 or serum bicarbonate <15 mmol/L, and the presence of ketonuria. Each eligible study patient
was followed during hospitalisation .Data were collected from all study patient medical records,
including demographic characteristics (age, gender, consanguinity and body mass index), family
history of diabetes ,undiagnosed or diagnosed diabetic in the past and intake of any indigenous
treatment. History of precipitating illness , dose of insulin and compliance in known diabetics was
also recorded in a preformed proformas. Symptoms complained by patients ,clinical signs and
laboratory parameters were documented for each study patient at admission and during
hospitalization. Clinical signs included assessment of dehydration ,signs of cerebral edema .
Laboratory parameters included blood gas analysis , urinalysis for ketones serum lactate levels and
CT head. Treatment details included fluid management , insulin therapy, , and use of pressors or
mechanical ventilation. The outcomes of included the length of hospital stay, the requirement for
intensive care measures (pressor support and mechanical ventilation), and mortality.
The presentation of the Categorical variables was done in the form of number and percentage (%).
On the other hand, the quantitative data were presented as the means + SD. The data normality
was checked by using Shapiro-Wilk test.
The following statistical tests were applied for the results:
e The association of the variables which were quantitative in
nature were analysed using Independent t test.
e The association of the variables which were qualitative in
nature were analysed using Fisher’s exact test as at least one cell had an expected value
of less than 5.
e Multivariate logistic regression was used to find out independent
significant risk factors of mortality.
The data entry was done in the Microsoft EXCEL spreadsheet and the final analysis was done with
the use of Statistical Package for Social Sciences (SPSS) software, IBM manufacturer, Chicago,
USA, ver 25.0.For  statistical ~ significance, p value of less than 0.05 was
considered statistically significant.
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Results

Fifty patients were included in the study, with an equal gender distribution (50% male, 50%
female) and a median age of 10.5 years. One-fourth of the patients were obese, and 24% were
overweight based on Body Mass Index (BMI). Consanguinity was present in 60% of cases, while
34% had a family history of diabetes. Indigenous (non-allopathic) treatment was used by 22% of
patients. Vomiting was the most common symptom (34%), followed by abdominal pain (32%).
Newly diagnosed DKA cases accounted for 38% of the cohort, while 72% were known diabetics.
Nineteen patients (38%) were first-time admissions for DKA, and 34% were second-time
admissions. Acute respiratory illness was the most frequent precipitating factor (22%), followed
by undifferentiated fever (16%). However, 44% of patients had no identifiable trigger. Signs of
cerebral edema were observed in 18% of patients, and poor compliance with insulin was noted in
38% (table 1). Severe dehydration was present in 20% of cases, with 46% exhibiting mild
dehydration. Median values at admission were: blood sugar 366 mg/dL, serum lactate 6 mmol/L,
serum pH 7.09, and HbAlc 8%. Pressor support was required in 24% of patients, while 20%
required mechanical ventilation. The median hospital stay was 10 days, and the mortality rate was
8%. The proportion of patients with severe dehydration was significantly higher in non-survivors
(100% vs. 13.04%). Non-survivors had significantly higher mean blood sugar levels (521.5 +
113.36 mg/dL vs. 367.83 + 82.18 mg/dL; p=0.001) and serum lactate levels (7.95 + 2.42 mmol/L
vs. 5.97 £ 1.79 mmol/L; p=0.043) compared to survivors (table 2). Conversely, survivors had
significantly higher mean serum pH at admission (7.08 + 0.14 vs. 6.85 = 0.1; p=0.002).
Multivariate regression analysis did not identify any variable as an independent significant risk
factor for mortality, likely due to the sample size (table 3).

Discussion

We defined stress hyperglycemia (SH) as blood glucose level above 140 mg/dl as per American
Diabetes Association guidelines (ADA) for diagnosis of stress hyperglycemia (Moghissi S et al
2009). Our study found a significant association between elevated serum lactate levels at
admission and mortality in pediatric DKA patients, adding important evidence to the ongoing
debate about the prognostic value of lactate in this population. Previous research has established
that lactic acidosis is associated with poor outcomes in various critical conditions, such as sepsis,
septic shock, and trauma, where it has been independently linked to increased mortality in critically
ill children [, Although some studies have suggested that lactic acidosis frequently occurs in
DKA, others have reported conflicting findings regarding its impact on mortality in this context!.
For instance, while lactic acidosis has been noted to be common in adult DKA patients, there
remains a lack of pediatric-specific research focusing on its prognostic value in pediatric DKA!.
Notably, some studies in adults have shown that lactic acidosis is not a strong predictor of mortality
in DKA, contrasting with its recognized importance in other critical conditions!”€l. However,
studies involving pediatric patients have provided mixed results, with some indicating an
association between initial lactate levels and mortality in intensive care settings(®l. Despite this,

research specifically targeting the significance of lactate levels in pediatric DKA remains sparse
(8]

Our study reported an 8% mortality rate, with a mean serum lactate level of 7.95 mmol/L in non-
survivors, compared to 5.97 mmol/L in survivors (p = 0.043). Mortality in DKA is primarily due
to cerebral edema, and all non-survivors in our study had cerebral edemal?. Our findings align
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with emerging research on the role of lactate in cerebral edema. While cerebral edema is a well-
known complication of DKA, its exact pathogenesis remains complex and multifactorial. Recent
studies, such as one conducted on a rat model of cirrhosis, have shed light on the potential
mechanisms linking lactate accumulation to cerebral edemal'®. In the context of chronic liver
disease and minimal hepatic encephalopathy (HE), increased brain lactate was shown to play a
primary role in the development of brain edema, surpassing the contributions of other factors like
glutamine. The study found that inhibiting lactate synthesis could attenuate brain edema,
suggesting that lactate is a critical factor in the osmoregulatory disturbances that lead to cerebral
swelling!*¥. Although the pathophysiology of cerebral edema in DKA differs from that in chronic
liver disease, the role of lactate as a key contributor to cerebral edema may be a common link. In
DKA, hyperglycemia, dehydration, and metabolic acidosis can lead to elevated lactate levels,
which, as our study shows, are associated with increased mortality. The findings from the chronic
liver disease study support the hypothesis that lactate may contribute to the development of
cerebral edema in DKA, possibly through similar osmoregulatory mechanisms. Our results,
combined with these insights, suggest that elevated lactate levels in pediatric DKA should not only
be seen as a marker of severe metabolic disturbance but also as a potential contributor to the
development of cerebral edema. This underscores the importance of closely monitoring and
managing lactate levels in DKA patients to prevent this life-threatening complication.

Our findings contribute to this area by highlighting the significant association between elevated
initial serum lactate levels and mortality in pediatric DKA. This supports the suggestion that lactic
acidosis, while common in DKA, can serve as an important marker of disease severity and outcome
in children(®. Furthermore, a study by Aliskan and Kilig also supports our findings, demonstrating
that elevated lactate levels at the time of admission may predict in-hospital mortality and ICU
admission[*?. Given the mixed evidence in the literature, our results underscore the need for further
research to clarify the role of serum lactate as a prognostic marker in pediatric DKA. Such research
should aim to establish standardized guidelines for the management of DKA patients with elevated
lactate levels to improve outcomes.

Our study also identified severe dehydration as a significant predictor of mortality in pediatric
DKA, as evidenced by our univariate regression analysis. The proportion of patients with severe
dehydration was significantly higher in non-survivors compared to survivors (100% vs. 13.04%;
p = 0.0009). This finding is particularly important given the challenges associated with accurately
assessing dehydration in these patients. Dehydration in DKA results from osmotic diuresis due to
hyperglycemia and ketonemia, compounded by nausea, vomiting, and reduced oral intake. While
fluid therapy is crucial for correcting these deficits, the assessment of dehydration remains
challenging™. Traditional clinical signs, such as changes in perfusion, blood pressure, and
orthostatic hypotension, are often used but have shown poor correlation with actual dehydration
levels measured by weight gain post-rehydrationl*4l. Studies have demonstrated that clinical signs
such as dry mucous membranes, hyperventilation, sunken eyes, and lethargy, though correlated
with dehydration, do not reliably predict its severity. Additionally, severe DKA does not always
equate to severe dehydration, complicating treatment further!*4l, This disparity between clinical
assessment and actual dehydration underscores the need for more accurate tools and individualized
fluid therapy protocols. Overestimation of dehydration can lead to overhydration, increasing the
risk of cerebral edema, while underestimation may perpetuate hypoperfusion and tissue hypoxia,
exacerbating the risk of mortality[*®l. Therefore, our findings support the importance of careful and
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individualized assessment of dehydration in managing pediatric DKA to avoid these risks and
improve patient outcomes.

Admission Blood Sugar Levels

One of the novel findings of our study is the significant association between admission blood sugar
levels and mortality in pediatric DKA. We observed that non-survivors had significantly higher
blood sugar levels at admission compared to survivors. This finding suggests that extreme
hyperglycemia at presentation may reflect a more severe metabolic disturbance, contributing to
worse outcomes. Interestingly, despite the well-established role of blood sugar control in the
management of DKA, there is a noticeable gap in the literature regarding the direct relationship
between admission blood sugar levels and mortality outcomes in pediatric DKA. To our
knowledge, no previous studies have specifically examined this association in a pediatric
population. This lack of data underscores the uniqueness of our findings and the potential
importance of admission hyperglycemia as a prognostic marker.

Multivariate Regression Analysis

On performing multivariate regression, none of the factors mentioned above were identified as
independent significant risk factors for mortality, as shown in Table 1.

Conclusion

Our study highlights elevated serum lactate levels at admission as a significant predictor of
mortality in pediatric DKA, with higher lactate levels correlating with increased mortality. Severe
dehydration and high admission blood sugar levels were also associated with worse outcomes,
emphasizing the need for accurate assessment and management. Despite these findings, further
research is needed to establish the role of these predictors and to improve patient outcomes in
pediatric DKA.

Limitations
This study's single-center and small sample size may limit the generalizability of the findings and
restrict the robustness of the conclusions. Additionally, variations in clinical management and the

complexity of multivariate regression analysis may affect the interpretation of the results.

Table 1:- Patient characteristics distribution.

Patient characteristics n(%o) Mean + SD Medlan_(25th-75th Range
percentile)
Gender
Female 25 - - -
(50.00%)
25
Male (50.00%)
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Consanguinity 30 i i i
(60.00%)
Indigenous treatment 11 i i i
(22.00%)
Family history of diabetes 17 i i i
(34.00%)
Abdominal pain 16 i i i
(32.00%)
\Vomiting 18 i i i
(36.00%)
Signs of cerebral edema 9 (18.00%) |- - -
Hospitalizations for DKA (Diabetic Ketoacidosis)
: 19
First (38.00%) | ) -
17
Second (34.00%)
. 13
Third (26.00%)
Fourth 1 (2.00%)
Newly diagnosed / Known diabetic
. 14
Newly diagnosed (28.00%) | - -
Known diabetic 36
(72.00%)
Compliance with insulin
o : 14
First time admitted for DKA (28.00%) | - -
17
Good (34.00%)
Poor 19
(38.00%)
Precipitating illness
22
Absent (44.00%) [ i ]
. . 11
Acute respiratory illness (22.00%)
Pneumonia 4 (8.00%)
Undifferentiated fever 8 (16.00%)
UTI 5 (10.00%)
Dehydration grade
: 23
Mild (46.00%) | i -
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Moderate (34.00%)
Severe 10
(20.00%)
Blood sugar at admission (mg/dL) | 380.12 + i 209-
93.61 366(325-432) 650
Serum lactate levels at admission| 6.12+1.9 |6(5-7) 3-11
(mmol/L)
Serum pH at admission i 7.06 +0.15 [7.09(7.03-7.148) ng
Table 2:-Association of patient characteristics with non-survivors and survivors.
Patient characteristics Non-_ _ Survivors(n=46) Total P value
survivors(n=4)
Dehydration grade
Mild 0 (0%) 23 (50%) 23 (46%)  0.0009"
Moderate 0 (0%) 17 (36.96%) 17 (34%)
Severe 4 (100%) 6 (13.04%) 10 (20%)
Blood sugar at admission (mg/dL) 521.5 +113.36 367.83 + 82.18 320612 J‘r0.001’r
Serum lactate levels at admission oo, 5 45 597 +1.79 612+19 0.043"
(mmol/L)
Serum pH at admission 6.85+0.1 7.08 £0.14 7.06 +0.15 0.002°

t Independent t test, * Fisher's exact test

Table 3:Multivariate logistic regression to find out significant risk factors of mortality.

Odds ratiolOdds ratio
Variables E(fe;[g‘icient S:?(r)lﬁiard \F/)alue S;:icz)s Lower bound{Upper bound
(95%) (95%)
Blood = sugar - ati) ), 0.006  |0.574[1.003 [0.992 1.015
admission (mg/dL)
Serum lactate levels
at admission|0.280 0.327 0.391 (1.323 |0.697 2511
(mmol/L)
serum  pH at 459 4378 [0.926 |1.505 [0.000 8025.757
admission
Dehydration grade
Mild 1.000
Moderate 0.325 1.821 0.859 |1.383 [0.039 49.062
Severe 3.113 1.873 0.097 [22.489 [0.572 884.043
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