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Abstract

Introduction

DKA and HHS are the severe complications of diabetes mellitus. Some patients with DKA, but they also have plasma glucose (>600 mg/dL) and
increased serum osmolarity(> 320 mOsm/kg); these patients are defined as mixed DKA-HHS. This study aims to assess the frequency of mixed
DKA-HHS and define the characteristic laboratory data, complications, and prognosis of these patients.

Materials and Methods

This is a retrospective observational cohort study on patients had biochemical criterion for mixed DKA-HHS. First, those with DKA criteria including
PH<7.3, plasma glucose> 200 mg/dL, bicarbonate <15, and ketosis were evaluated. Next step, those whose effective osmolarity was > 320 mosm/L
and their plasma glucose was >600 mg/dL were selected. Those patients admitted to the pediatric intensive care unit (PICU) of Namazi Hospital
from March 2017 to June 2021 enrolled in this study.

Results

During this study, 453 pediatric patients with DKA treated at our hospital, 144 required PICU admission. Nine patients met criteria for mixed DKA-
HHS, representing 1.99% of all DKA cases and 6.25% of PICU DKA admissions. that all were female; the age beetwin 14 months old-15 years
old.Mixed DKA-HHS was the first presentation of DM in four patients. Acute kidney injury (AKI) was observed in four patients, and rhabdomyolysis
in one patient as a complication of this disease.

Conclusions:

Mixed DKA-HHS requires modification of standard DKA management because of the additional risks associated with severe hyperosmolality and
dehydration., so early diagnosis is crucial for appropriate management and prevention of complications.

Introduction

Diabetic ketoacidosis (DKA) is one of the severe diabetes mellitus (DM) complications, characterized by hyperglycemia (plasma glucose more than
200 mg/Dl), venous PH less than 7.3, and ketonemia or moderate to severe ketonuria(1). Hyperglycemic hyperosmolar state (HHS) is also
considered another diagnostic and treatment challenge in DM patients usually present with extreme hyperglycemia (plasma glucose more than 600
mg/dL), effective serum osmolality greater than 320 mOsm/kg, venous PH greater than 7.25, and absence of minimal ketosis (1).

HHS has a high mortality and morbidity rate in elderly patients with type 2 DM; however, it has not been significantly recognized in young patients
(2). Although these two have distinct diagnostic criteria, they may coincide, upbringing some treatment dilemmas for practitioners. The following
condition is currently diagnosed with the mixed HHS and DKA,; that is, the patient has arterial PH less than 7.3 and bicarbonate less than 15 and at
the same time has plasma glucose greater than 600 mg/dL and osmolality more than 320 mOsm/kg(1, 3).

The incidence of DKA in known diabetic children is 0.7% (4) to 92.1%(5). The incidence rate of mixed type is about 14% of pediatric patients with
hyperglycemia (6). Although the incidence rate of HHS and mixed DKA-HHS is lower than isolated DKA, the risk of complications such as
rhabdomyolysis and thrombosis is higher in them(2).

We conducted this study to determine the frequency, characteristics, complications, and prognosis of the pediatric patients admitted in pediatric
intensive care of Namazi Hospital in Shiraz, Iran, with the impression of mixed types of DKA-HHS.

Materials and Methods

This is a retrospective observational cohort study on DM patients with DKA-HHS admitted to the pediatric intensive care unit (PICU) of Namazi
Hospital from March 2017 to June 2021.

Our PICU is an academic referral unit with 18 active beds that cares for over 400 pediatric patients annually.

All pediatric patients aged less than 18 years old with DKA-HHS criteria included (PH < 7.3, plasma glucose > 200 mg/dL, bicarbonate < 15, ketosis,
and effective osmolarity more than 320 (mosm/L). Effective osmolality (mOsm/kg) calculated as 2 x (plasma Na) + plasma glucose (mmol/L)( 2 x
(plasma Na) + Glucose (mg/dL) / 18). Those who had insufficient data for diagnosis were excluded.

Demographic characteristics, past medical history, familial history of DM, the first clinical presentation, the course of hospital stay, prognosis, and
laboratory data obtained from medical records through four years (March 2017 to June 2021). Complications related to mixed DKA-HHS such as
rhabdomyolysis, acute kidney injury (AKI), thrombosis, and altered level of consciousness were evaluated. AKI is defined as\ increase in the serum
creatinine equal to or more than 1.5 times that of baseline related to disease or has occurred within the previous seven days (7).
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Results

Of the total of 144 pediatric patients admitted with DKA in PICU(it was 453 patients in pediatric ward of our Hospital) through that time, nine
patients(1.98% of total;,6.2% of PICU’'S) had met the criteria for mixed DKA-HHS; all the patients were female (the characteristics and the initial
laboratory data shown in Table 1). Five patients were known cases of DM who used insulin, but none of them had positive familial history. Body
mass index (BMI)-for-age percentile was > 97% in one patient (case NO. 1) and 92%(overweight) in case NO.2 others were in normal range. Hypo-
phosphatemia was found in five patients which of them, three patients were the new cases of DM, and two patients were known cases of DM for
more than three years. Three patients were intubated (cases NO 1,3,and 9) due to decreased level of consciousness; the course of intubation time
in case 1 was seven days, it was two days for case 3,and 3 days for the last one.
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Table 1
The patients’ characteristics and the first laboratory data

Age Case Case Case Case NO.4 Case NO.5 Case NO.6 Case NO.7 Case Case
NO.1 NO.2 NO.8 NO.9
NO .3
15 14 10 8 9 14 months 11 14 13
Known case + - + - + - - + +
of DM
Weight(KG) 72 59 22 19 25 11 38 42 45
BMI(kg/m? )oo 28.1 25.5 13 13.1 16 15.9 16.8 16.2 20.4
GCS** 8/15 13/15  7/15 13/15 13/15 14/15 12/15 13/15 6/15
ABG* PH 6.95 7.09 6.9 6.97 7.02 6.88 7.1 6.8 6.82
HCO3 3.2 3.8 2.2 4 5.8 2.4 5.8 1.8 1
Effective 346.5 334 343.8 349 333 370 369 373 336
osmolality
(275-295
mmol/kg)
BUN(mg/dl) + 48 42 23 24 16 8 38 52 60
Creatinine 2.6 1.5 1.2 0.8 1.1 0.73 1.8 1.9 1.6
Plasma 730 651 970 710 674 842 958 812 685
glucose
Amylase 2100
Chloride 131 106 111 104 108 114 102 114 108
(96
-106MEq/L)
Magnesium 2.4 1.8 1.7 2.1 1.5 1.9 2 1.6
(1.7 to
2.2 mg/dL)
Phosphorus © 1.9 7.5 3.5 1.6 2.8 2.2 3.1 2 32
Calcium 10 10.6 8 8.3 9.8 8.2 9.2 8.8 8.2
(8.5t010.5
mg/dl)
Sodium 153 149 145 155 148 162 158 162 149
(135-145
mEq/L)
Potassium 6.8 52 5.8 3.2 5 3.3 54 5.6 4.8
(3.5-5.5
mmol/L)
CPK = 10460 161 97 39 48 72 52 85 125
(22 to 198
u/L)
Intubation + - + - - - - - +
%Fluid deficit 14 15 14 12 12 16 15 15 14
which was
given
*ABG:arterial blood gas,+ blood urea nitrogen, cobody mass index,= creatinine phosphokinase,** Glasgow coma scale ©Normal range;
Infant:4.8-7.9 mg/dl ,pediatric:3.4-6.2,adult:2.7-4.5;Q:rhabdomyolysis workup

Two patients (Cases NO 1,and 9) were also hypotensive and were in septic shock, so they were hydrated 20 cc per kilogram, and inotrope
(norepinephrine infusion;in case NO. 9 vasopressin was also started) in addition to the broad-spectrum antibiotic were started; patient NO. 1 also
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presented with refractory hyperthermia with rhabdomyolysis ,and malignant hyperthermia (MH)-like syndromes. AKI was found in 4 patients. All of
our patients had decreased level of consciousness, and three of them (cases 1,3 and 9) had GCS less than 8, so they were intubated (in both of
them, brain CT scan was normal and did not have criteria for brain edema).

Four cases were managed with central venous catheter insertion (cases 1, 3, 6, and 9), with the catheters placed into the jugular veins. High C-
reactive protein values were found in four cases (1, 3, 6, and 9). In our study, all patients survived to hospital discharge, and no permanent
neurologic or other sequelae were documented.

Discussion

HHS and mixed DKA-HHS are less frequent than isolated DKA, especially in pediatric patients whose incidence rate is lower, so their diagnosis and
treatment are challenging. The frequency of mixed DKA-HHS in our center was about 1.98%. In a study; Schmitt et al. reported 29% in pediatric
patients with type 2 of DM(3) ; Agrawal et al. and Francisco et al. showed 13.8% and 27% (6).

Of nine patients, five cases were known cases of DM, and in four patients (44.4%), mixed DKA-HHS was the first presentation sign of DM; the main
reason for their disease was delayed diagnosis and treatment. A study in Australia showed that DKA was the first presentation of the majority of
their patients (48%) (8);in another study by Oyarzabal Irigoyen et al., it was 39.5% (9); moreover, in a study conducted in Italy, DKA was found in
38.5%, but severe DKA was seen in 10.3% of patients as the first presenting sign of DM (10).

Of five patients who had diabetes and had already received insulin, three patients had poor metabolic control, and one patient (case NO. 1) had
stopped taking insulin due to fever and lethargy.

The main goals for DKA treatment are fluid replacement, correction of acidosis, gradual correction of hyperglycemia and hyperosmolarity,
prevention and treatment of DKA complications, and its treatment(1). Assessment of the degree of dehydration depends on physicians and varies
among the examiners, and it mainly depends on physical exam; skin turgor, mucosal dryness, weak pulse, and hypotension (1), but it seems not to
be effective in the obese patients.In DKA, fluid therapy is a double-edged sword; its primary role is to provide an adequate circulatory volume, but we
should consider that overhydration would increase the risk of brain edema(1). According to DKA severity, fluid replacement therapy usually is
achieved over 48 hours and calculated by calculating maintenance and volume deficit. Volume deficit is usually considered 10 percent in severe
DKA; however, more fluid loss and dehydration should be considered in DKA-HHS cases, and delay in diagnosis might result in more complications
and worse outcomes(1, 11, 12). Mixed DKA-HHS cases should be monitored regularly for overhydration and any evidence of cerebral edema; we
monitor our patients with clinical signs of adequate blood flow in addition to laboratory data(blood glucose,and serum osmolality), so we increased
the percent of fluid deficit up to16% in some patients.

In DKA-HHS, as these patients had significant ketoacidosis, insulin was initiated according to DKA principles after initial fluid resuscitation; however,
the rate of glucose and effective osmolality decline was monitored closely because of the concomitant hyperosmolar state.,and it is unlike HHS
that we defer insulin infusion till the time which serum glucose is no longer decreasing at least 50 mg/dL,in DKA we should be aware of decreasing
serum glucose that shuld be less than 90 mg/dLper hour;but in HHS it is less(~ 50—-75 mg/dL) per hour;serum osmolality is the other point of
concern that should not decrease more than 3 mosmol/kg/hr (that is mainly considered in HHS treatment) ';in our patients we considered to
decreasing serum glucose less than 75 mg/dL,and serum osmolality less than 3 mosmol/kg/hr.

The malignant-hyperthermia-like syndrome associated with rhabdomyolysis is a rare, life-threatening complication of DKA whose etiology is not
clear (13, 14); it occurred in one of our patients (case NO.1) that presented on the 2nd day of admission, and insulin infusion with refractory
hyperthermia increased the level of creatine phosphokinase (CPK), lactate dehydrogenase (LDH), and rhabdomyolysis; the etiology was probably an
infection.

There is contemporary pediatric evidence supporting a strong association between hyperosmolar presentations and AKI;. AKI occurred in 44.4% of
our patients. This is broadly consistent with previous pediatric hyperosmolar DKA cohorts, although reported rates vary according to diagnostic
criteria and the population studied (3, 15, 16).The combination of severe dehydration, hyperosmolality, and impaired renal perfusion likely
contributes to this increased risk. These findings support close monitoring of renal function and urine output during initial fluid management.

Interestingly, all nine patients in our cohort were female. Given the small sample size and single-center design, this finding should be considered
hypothesis-generating rather than evidence of a sex-specific predisposition.

The rate of mortality and complication was higher in those presented with HHS or mixed DKA-HHS(2), but fortunately, there was no mortality
among our patients.

Infection is one of the main predisposing factors for DKA and HHS; four cases of our patients had increased CRP levels,and two patients presented
with septic shock. The possible etiologies for decreased level of consciousness in DKA, HHS others than cerebral edema are low PH and
hyperosmolality(17); in our study, all the patients presented with altered mental status, and GCS in three patients was less than 8, but their brain CT
scan was normal.
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The major limitation of this study was the low number of patients related to a lower incidence of mixed DKA-HHS.

Conclusion

Mixed DKA-HHS requires modification of standard DKA management because of the additional risks associated with severe hyperosmolality and
dehydration. Therefore, early recognition is crucial for appropriate management, identification and treatment of precipitating factors, and prevention
of complications. Pediatricians should be aware of the clinical characteristics and diagnostic criteria of this condition. However, further
investigations are needed to accurately determine the degree of fluid deficit in children with mixed DKA-HHS and to establish the optimal strategy
for fluid-deficit estimation.
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