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Abstract
Diabetic ketoacidosis (DKA) and hyperosmolar hyperglycemia state (HHS) are 
two life-threatening metabolic complications of diabetes that significantly increase 
mortality and morbidity. Despite major advances, reaching a uniform consensus 
regarding the diagnostic criteria and treatment of both conditions has been 
challenging. A significant overlap between these two extremes of the hyper-
glycemic crisis spectrum poses an additional hurdle. It has well been noted that a 
complete biochemical and clinical patient evaluation with timely diagnosis and 
treatment is vital for symptom resolution. Worldwide, there is a lack of large-scale 
studies that help define how hyperglycemic crises should be managed. This article 

https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v10.i32.11702
mailto:srsurani@hotmail.com


Hassan EM et al. DKA and HHS

WJCC https://www.wjgnet.com 11703 November 16, 2022 Volume 10 Issue 32

will provide a comprehensive review of the pathophysiology, diagnosis, and management of 
DKA-HHS overlap.

Key Words: Diabetic ketoacidosis; Hyperosmolar Coma; Diabetes; Metabolic acidosis; Hypernatremia; 
Hyperosmolar hyperglycemia state

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Diabetes ketoacidosis and hyperosmolar hyperglycemic coma are critical illnesses and medical 
emergencies associated with diabetes. Diabetic ketoacidosis (DKA) is associated with hyperglycemia and 
ketoacidosis, whereas hyperosmolar hyperglycemia state (HHS) mainly has severe hyperglycemia and 
hyperosmolarity. Up to 30% of patients with DKA may also have some features of HHS. Early diagnosis 
with aggressive management of hyperosmolarity, ketosis, and hyperglycemia can help prevent mortality.

Citation: Hassan EM, Mushtaq H, Mahmoud EE, Chhibber S, Saleem S, Issa A, Nitesh J, Jama AB, Khedr A, 
Boike S, Mir M, Attallah N, Surani S, Khan SA. Overlap of diabetic ketoacidosis and hyperosmolar hyperglycemic 
state. World J Clin Cases 2022; 10(32): 11702-11711
URL: https://www.wjgnet.com/2307-8960/full/v10/i32/11702.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i32.11702

INTRODUCTION
Diabetic ketoacidosis (DKA) and hyperosmolar hyperglycemic state (HHS) are the two most commonly 
seen acute metabolic complications of diabetes mellitus (DM)[1]. DM can cause DKA, a critical condition 
that can be life-threatening. Type 1 diabetes patients are more likely to experience DKA than type 2 
from noncompliance to therapy, but infection, trauma, or acute coronary syndrome can also trigger it
[2]. Type 2 diabetes has a 30-d mortality rate of 11.9% compared to type 1 diabetes rate of 2.4%, as 
patients with type 2 DM are older and have several morbid conditions. T2DM is much more prevalent 
than T1DM, with a prevalence of 8.5% compared to 0.5% for T1DM[3]. HHS occurs in patients with type 
2 DM, causing a severe acute hyperglycemic emergency[4]. A rise in total body ketone concentrations is 
characteristic of DKA, with metabolic acidosis and uncontrolled hyperglycemia to a lesser degree in 
comparison to HHS[4]. Patients with HHS tend to have extreme hyperglycemia, usually > 600 mg/dL, 
hyperosmolality, and dehydration. Although the actual prevalence of HHS is unknown, it is likely to 
represent less than 1% of hospital admissions in diabetic patients. Most cases are seen in elderly patients 
with type 2 diabetes. However, it has also been reported in young adults and children[5]. To enhance 
patient outcomes, early diagnosis and therapeutic interventions are critical. DKA and HHS both present 
with severe dehydration, necessitating aggressive rehydration, electrolyte replacement, insulin therapy, 
and treatment of the underlying triggering events. Patients with a hyperglycemic crisis may present 
with both DKA and HHS. Currently, there is no accepted definition that identifies patients presenting 
with both DKA and HHS because sufficient data are not available regarding their frequency, clinical 
characteristics, or prognosis. There is some evidence that up to 30% of patients with DKA have features 
of both HHS and DKA[5]. They may have ketoacidosis and severe hyperglycemia with glucose greater 
than 600 mg/dL, which is not usual in DKA patients. Due to overlapping metabolic presentation, they 
are diagnosed to have DKA/HHS overlap.

HHS patients have been found to have a much higher mortality rate than those with DKA, according 
to some studies[5]. There is a need to identify the clinical characteristics of patients presenting with 
isolated hyperglycemic crises, as well as those with DKA and HHS overlap. This will allow us to 
identify factors associated with poor outcomes and estimate the complications associated with the 
severity of the disease.

A combination of hyperglycemia (serum glucose more than 250 mg/dL), acidosis (arterial pH < 7.3 
and bicarbonate < 15 mEq/L), and ketosis (ketonuria or ketonemia) is referred to as DKA. The term 
“euglycemic DKA” (euDKA) is DKA without significant hyperglycemia, with serum glucose of less 
than 250 mg/dL. Partial therapy of DKA, food restriction, alcohol consumption, SGLT2 inhibitors, 
anorexia, and gastroparesis can cause euDKA[6,7]. Starvation causes a decrease in insulin release and 
high levels of counterregulatory hormones, especially glucagon and cortisol, resulting in lipolysis and 
ketone body production.

For the workup of DKA, arterial blood gas, routine chemistry, and serum ketones are obtained, and 
other causes of metabolic acidosis with a high anion gap are ruled out[8]. The mainstay for diagnosis of 
HHS is profound hyperglycemia with glucose greater than 600 mg per dL as per American Diabetes 
Association.

https://www.wjgnet.com/2307-8960/full/v10/i32/11702.htm
https://dx.doi.org/10.12998/wjcc.v10.i32.11702
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The goal of HHS treatment is to replace lost volume, address hyperosmolality, hyperglycemia, 
electrolyte imbalances, and manage the underlying condition that caused the metabolic decompensation
[9]. Both DKA and HHS are defined by hyperglycemia and absolute or relative insulinopenia. They 
differ clinically in terms of dehydration, ketosis, and metabolic acidosis[1]. Identifying the variables that 
caused DKA or HHS during the initial hospitalization should aid in preventing future episodes of 
hyperglycemia[5]. As diabetes mortality continues to increase, emergency admissions for hyperglycemic 
crises remain a common occurrence. If left untreated, these illnesses have substantial fatality rates. 
Patients with HHS patients have a 15% mortality rate, almost tenfold higher than DKA. Elderly patients 
with DKA, on the other hand, have been observed to have greater fatality rates[10]. Overlap of HHS and 
DKA was associated with greater mortality (8%) among subjects presenting with hyperglycemic crisis, 
in comparison to 5% for isolated HHS and 3% for isolated DKA[11]. However, it is important to 
understand that close similarities between DKA and HHS have not been evaluated rigorously or 
adjusted for variables and severity of the disease.

PRECIPITATING FACTORS AND CAUSES
There is a wide range of precipitating factors that can trigger DKA and HHS, but a recent analysis from 
a safety net hospital in Atlanta found that insulin cessation was the main cause of DKA in 78% of 
patients and 56% of patients with recurrent DKA episodes. Infections accounted for 14% of DKA 
triggers, while 4% were non-infectious causes such as acute myocardial infarction, neurovascular 
accidents, alcohol usage, and pancreatitis[12,13]. DKA may be the presenting condition in new-onset 
type 1 diabetic patients. Some medications can cause DKA or HHS, including sympathomimetic drugs 
(like dobutamine and terbutaline), thiazide diuretics, corticosteroids, lithium, and second-generation 
antipsychotics[14]. DKA has been associated with two new categories of medications in recent years. 
SGLT-2 inhibitors (canagliflozin, dapagliflozin, and empagliflozin) are known to cause DKA in both 
type 1 and type 2 diabetic patients. Immune checkpoint inhibitor anti-cancer drugs, including 
ipilimumab, nivolumab, and pembrolizumab, can lead to new-onset DM in up to 1% of patients, with 
50% of these patients initially presenting with DKA[15-17]. Type 1 DM (T1DM) as a side effect of these 
drugs (Immune checkpoint inhibitors) has only recently been acknowledged, and current guidelines are 
still following behind this uncommon but potentially fatal condition[11,18]. Fulminant type 1 DM 
(FT1DM), characterized by markedly elevated glucose, near-normal glycated hemoglobin (HbA1c), 
ketoacidosis, negative autoantibodies, severe insulin deficiency, and elevated pancreatic enzyme levels, 
have been documented since the introduction of immune checkpoint medication[11].

Additionally, up to 20% of recurrent DKA cases are caused by insulin omission, chronic disease 
stress, and eating disorders[19].

It is typical for HHS to be triggered by a UTI, pneumonia, acute cardiovascular event, or other 
concomitant medical conditions[20,21]. It is less common for HHS to be caused by medical therapy non-
adherence or the emergence of new diabetes than it is for DKA[14,22].

PATHOPHYSIOLOGY
While previously considered two distinct conditions, DKA and HHS overlap can occur considerably in 
clinical practice[23,24]. DKA and HHS overlap to a large extent in the underlying pathophysiology. 
Reduced insulin production (DKA) or inefficient insulin action (HHS) results in the decreased net 
effective action of circulating insulin. DKA and HHS are also described as having elevated levels of 
counterregulatory hormones such as cortisol, catecholamines, glucagon, and growth hormone[25]. In 
DKA, excessive glucose and fatty acids have been linked to a pro-inflammatory and oxidative state. The 
pro-inflammatory state is associated with increases in IL-8, IL-6, IL-1B, TNF-alpha, and other cytokines 
that impair the responsiveness to insulin therapy[26]. Oxidative stress is described as increased 
production of reactive oxygen species (ROS)[27]. Eventually, these ROS damage lipids, membranes, and 
proteins in the cells[26]. Furthermore, the oxidative state following the DKA incident raises the chance 
of acquiring chronic diabetes problems[10]. The absence of ketone bodies in HHS is attributed to the 
higher levels of insulin in circulation and lower levels of counter-regulatory hormones. The greater 
insulin secretion appears to be an essential method for preventing ketosis in HHS because insulin has a 
tenth of the antilipolytic impact of glucose usage[12]. HHS has less well-understood pathogenesis than 
DKA, although it is distinguished from DKA by a higher degree of dehydration (due to osmotic 
diuresis) and changes in insulin availability[28]. HHS has a relative insulin shortage, endogenous 
insulin production (as measured by C-peptide levels) appears to be relatively higher than in DKA[29]. 
Normalizing this insulin deficiency requires treatment with insulin and adequate hydration (Table 1).

DKA and HHS have many similarities in terms of the presentation of symptoms. Many of the 
symptoms overlap, making a distinct diagnosis challenging. However, there are a few important 
differences in presentation and onset[1]. Overlapping symptoms of DKA and HHS include but are not 
limited to polyuria, polydipsia, and weight loss, usually in the setting of a preceding or current infection 
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Table 1 Clinical features of diabetic ketoacidosis and hyperosmolar hyperglycemic state

Clinical features

DKA HHS

Kussmaul respiration Dehydration

Fatigue Stupor

Thirst Coma

Nausea and vomiting Unconsciousness

Abdominal pain Several weeks of polyuria

Sweet breath (acetone) Hypotension

Hypotension Tachycardia

Tachycardia

Confusion

Drowsiness

DKA: Diabetic ketoacidosis; HHS: Hyperosmolar hyperglycemia state.

(pneumonia, gastrointestinal infection, UTI)[30]. Polydipsia and polyuria are usually the earliest 
symptoms identified in DKA patients and occur within hours of onset. However, there are some cases 
where a patient is euglycemic, like patients taking SGLT-2 inhibitors.

In these cases, despite developing ketoacidosis, symptoms of hyperglycemia are often absent[31]. The 
presentation and onset of DKA tend to occur more rapidly, often within a few hours, in contrast to HHS, 
which has a more insidious and gradual onset and can take days before clinical signs and symptoms are 
noted. In both cases, there is evidence of a decrease in intravascular volume with physical signs such as 
poor skin turgor, dry mucosa, poor capillary refill, tachycardia, and hypotension. Despite the 
dehydration and state of hypovolemia, patients with DKA can often present with high or normal blood 
pressure readings. Hypovolemia is much more pronounced in HHS, occurring up to twice as much as 
DKA, although similarly to DKA can be difficult to assess in some cases because hypertonicity helps 
maintain volume depletion and delays clinical signs of dehydration[32,33]. More commonly seen in 
DKA are acetone breath, Kussmaul respirations, nausea, and abdominal pain, primarily due to the 
accumulation of ketone bodies and subsequent acidosis[34]. In a study designed to evaluate the 
incidence of abdominal pain in DKA and HHS patients, nearly half of the DKA patients presented with 
abdominal pain, while none of the HHS patients presented with abdominal pain[35]. The significance of 
abdominal pain correlated to the severity of metabolic acidosis and not the severity of hyperglycemia, 
and the pain subsided after ketoacidosis was resolved[35]. The mental status change is another major 
sign that can present in both DKA and HHS. Mental status in DKA can range from being alert in mild 
cases to a state of drowsiness and stupor in moderate to severe cases. The mental status of a DKA 
patient correlates to the level of acidosis[36]. In a significantly high number of patients with HHS, 
profound alteration in mentation occurs, ranging from stupor to a coma. Unlike DKA, the significantly 
higher hyperosmolality is thought to have a strong correlation with the severity of mental status change
[5]. On occasion, patients can have a combination of both HHS and DKA, presenting with features from 
both ends of the spectrum. These patients can have a combination of significant ketoacidosis and 
hyperglycemia with hyperosmolarity. A recent retrospective study found that a quarter of patients with 
diabetes presented with a combination of both HHS and DKA. A two-fold increase in mortality 
compared to patients with isolated HHS or DKA[37] was noted. There is no clear-cut distinction on the 
basis of mental status between HHS and overlap of DKA/HHS[38].

KEY INVESTIGATIONS AND FINDINGS
Measurement of serum glucose, blood urea nitrogen (BUN), creatinine, anion gap, serum ketones, 
serum osmolality, urinalysis, urine ketones, and arterial blood gases (ABG) are vital in the initial 
assessment of a suspected case of a DKA or HHS in a diabetic patient. The American Diabetes 
Association’s criteria for DKA are serum glucose greater than 250 mg/dL, anion gap metabolic acidosis, 
and elevated serum ketones[39]. Based on the blood pH, ketones, serum bicarbonate level, and altered 
mental status, DKA can be classified as mild, moderate, or severe in nature[36]. The ADA criteria state 
that mild DKA presents with a pH in the range of 7.25-7.30 on ABG, moderate DKA in the range of 7.00-
7.25, and in the case of severe DKA, a pH less than 7.00[40]. On the other hand, due to the relative 
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absence of ketoacidosis caused by ketone bodies, patients diagnosed with HHS tend to have a pH of 
greater than 7.30. According to current ADA diagnostic criteria, the serum glucose levels in HHS 
patients exceed 600 mg/dL or 33.3 mmol/L, while serum effective plasma osmolality exceeds 320 
mmol/kg[37]. The 320 mmol/kg cutoff was shown to correlate with mental status change, with 74% of 
patients presenting with impaired cognitive status and 23% of patients in a comatose state directly[41]. 
One study showed that increased serum urea nitrogen due to prerenal azotemia caused by severe 
volume depletion was an independent prognostic indicator of mortality in HHS patients. Previous 
studies have shown other important risk factors, including elevated white blood cell count (WBC) and 
low serum bicarbonate levels. In this study, elevated markers such as C-reactive protein (CRP) and low 
fasting C-peptide levels were important predictors of severe levels of DKA[41]. Patients diagnosed with 
DKA have met the criteria for HHS and vice versa. Numerous cases have shown a mixed picture of 
patients presenting with significant hyperglycemia and serum osmolality (oftentimes exceeding 1000 
mg/dL and 320 mmol/kg, respectively), significant ketoacidosis, and a large anion gap[42]. Overlap in 
both syndromes in terms of key investigation findings is increasing in incidence. There have been 
several cases of a mixed picture of DKA and HHS that have gone underreported and instead were often 
labeled as one or the other based on the diagnostic criteria presented by the ADA. This is seen far more 
often in pediatric and adolescent patients, particularly obese patients[38]. Young type 1 diabetic patients 
with DKA have been shown to present with features and laboratory findings suggestive of HHS when 
high sugar-containing fluids were administered to improve dehydration and fluid loss[38]. It is 
important to note that patients with HHS who present with severe prolonged dehydration may also 
present with significant metabolic acidosis due to lactic acidosis that results from prolonged tissue 
hypoperfusion.. Lactic acidosis may add to the metabolic acidosis seen in DKA patients, but the level of 
serum lactate in these subsets of patients is very low, and the mechanism by which this occurrs has been 
attributed to a different mechanisms of glucose metabolism and not solely due to tissue hypoperfusion . 
Additionally, lactic acid has been shown to not be a good predictor of mortality and length of stay in the 
ICU in DKA patients[42]. Before confirming the diagnosis of DKA, it is crucial to exclude the other 
differential diagnoses that can overlap with DKA or present similarly. In ketoacidosis cases, it is 
important to explore the clinical history and correlate it with the lab investigations and the patient’s 
clinical picture to identify the cause of ketosis. Especially that ketoacidosis can be easily attributed to 
DKA, although it is not the only causative factor. In fact, starvation ketosis and alcoholic ketoacidosis 
are associated with glucose concentrations of plasma ranging from mildly elevated values (rarely > 200 
mg/dL) to hypoglycemia[43]. However, the serum glucose in DKA is usually > 250 mg/dL. Addi-
tionally, sodium bicarbonate levels can be used to establish a diagnosis. Starvation ketosis is associated 
with low serum bicarbonate < 18 mEq/L, but alcoholic ketosis has significantly high serum bicarbonate 
levels. Multiple etiologies can cause high anion gap metabolic acidoses such as lactic acidosis, uremia, or 
ingestion of drugs like salicylic acid, methanol, ethylene glycol, paraldehyde, and aspirin[36].

MANAGEMENT
DKA and HHS require urgent medical management to improve the clinical outcome of the patient. Up 
to 14% of children and 27% of adults hospitalized with acute hyperglycemic crisis presented with DKA 
complicated by severe hyperglycemia and hyperosmolality[11]. DKA and HHS have high mortality 
rates and therefore require careful evaluation of any patient presenting in the emergency department 
(ED) with hyperglycemia[44]. There are some small case series that suggest patients with HHS-DKA 
overlap have poorer outcomes than those with isolated DKA or HHS; however, no systematic analysis 
has been done of a large sample of patients presenting with different types of hyperglycemic crises.

For DKA and HHS to be resolved successfully, timely diagnosis, comprehensive clinical evaluation, 
and effective management are imperative. The location of treating DKA depends upon its severity and 
precipitating cause. For example, severe DKA due to myocardial infarction or sepsis should be managed 
in ICU[32]. Mild to moderate DKA can be managed in the ED or within step-down units, but only if 
close nursing monitoring is utilized. The time to resolve DKA is found to be similar in both ICU and 
non-ICU settings. HHS has a higher mortality rate in comparison to DKA and should be managed in the 
ICU[12]. History has profound importance in unveiling the cause of severe hyperglycemia in a patient 
with a known diagnosis of diabetes. Common precipitating causes of hyperglycemia include skipping 
insulin or antidiabetic medications, psychiatric illnesses, substance abuse, and infection[41]. The 
treatment goals for DKA and HHS are similar and include replenishing intravascular fluid levels, 
bringing hyperglycemia and hyperosmolality to normal levels, correcting ketonemia and electrolyte 
imbalance, and treatment of precipitating causes[45]. Intravenous fluids, insulin, potassium, and 
bicarbonate are required for treating both DKA and HHS. In addition, continuous monitoring of IV fluid 
administration rate, urine output, and insulin dosage is necessary to assess response to medical therapy. 
Hourly monitoring of vitals, as well as mental and hydration status, is also recommended. 
Measurement of serum glucose, electrolytes, ketones, venous pH, bicarbonate, and anion gap should be 
done every 2-4 h. As part of the initial evaluation, hemoglobin A1c, complete blood count with differ-
ential, basic metabolic panel, urinalysis, coagulation profile, cardiac enzymes, and hepatic enzymes are 
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also needed. Chest X-ray, urine and blood cultures, lipase, and ECG can also be performed to identify 
the precipitating cause. Further testing can be done based on specific cases[44]. The initial therapy for 
both DKA and HHS is IV fluids. Patient vital signs, electrolyte levels, and urinary output may dictate 
fluid therapy[46].

IV FLUIDS
Intravenous fluids, especially isotonic saline (0.9% NaCl), are a critical aspect of treating hypertensive 
emergencies like DKA and HHS. In addition to expanding the intravascular volume and improving 
renal blood flow, it also reduces insulin resistance by decreasing levels of counter-regulatory hormones. 
A 500-1000 mL/h of normal saline is recommended to be administered during the first 2-4 h. Depending 
upon the serum sodium levels and hydration status, the rate of infusion can be reduced to 250 
mL/hour. When glucose levels are 200 mg/dL, a fluid containing 5%-10% dextrose should be used to 
allow insulin to be continued until ketonemia has been corrected without causing hypoglycemia[45]. 
There is a 3-6-liter fluid deficit in DKA and almost 8 to 10 Liters in HHS. One hundred mL/kg of body 
weight water is a deficit in DKA and 100-200 mL/kg in HHS. Ringer lactate and 0.9% NaCl have similar 
efficacy in terms of normalizing pH, but the time to normalize blood glucose takes significantly longer 
with ringer lactate as compared to 0.9% NaCl[47]. Hence, 0.9% NaCl is the preferred fluid of choice in 
hyperglycemic emergencies. However, a two-cluster-randomized clinical trial showed that balanced 
crystalloids resulted in a more rapid resolution of acute DKA[48]. Of note, rapid fluid administration to 
correct hyperosmolality in the pediatric population may result in cerebral edema, with mortality 
reaching as high as 24 percent[46].

INSULIN
Insulin administration is the cornerstone of treating hyperglycemic emergencies like DKA and HHS. As 
insulin inhibits endogenous glucose production and increases peripheral glucose utilization, serum 
glucose is rapidly lowered. Glucagon secretion, lipolysis, and ketogenesis are also inhibited by insulin. 
The infusion rate should be modified, so that serum glucose drops by 50 mg/dL/h. In this way, glucose 
can ask as an indicator of insulin action[40]. IV infusion of 0.1 unit (u) regular insulin/kg body weight 
bolus followed by continuous infusion at 0.1 u/kg/h is the treatment of choice. This regimen is 
continued until blood glucose is approximately 200 mg/dL. The insulin dose is then reduced by half, 
and the rate of infusion is maintained at 0.05-0.02 u/kg/h[12]. At this point, the addition of 5% dextrose 
helps maintain glucose levels while simultaneously resolving ketoacidosis[45]. Subcutaneous adminis-
tration of rapid-acting insulin analogs like lispro and aspart is an effective replacement for regular 
insulin. Mild to moderate DKA often responds to subcutaneous insulin. In the ED, subcutaneous insulin 
is often a better option where one-to-one staffing is often not available[49].

An initial bolus of 0.2-0.3 U/kg of rapid-acting insulin followed by 0.1-0.2 U/kg every 1-2 h is also an 
effective strategy. At < 250 mg/dL glucose levels, the dose of rapid-acting insulin is reduced by half to 
0.05 u/kg/h[50]. In patients with HHS, the insulin infusion rate can be decreased at a high glucose level 
(< 300 mg/dL)[51]. However, the use of rapid-acting insulin analogs is not advised in hypertensive 
patients, severe DKA, and HHS[5]. In order to resolve DKA, it is necessary to have a serum bicarbonate 
level of ≥ 18 mEq/L, a blood pH of > 7.30, and a normal anion gap. HHS resolution requires serum 
osmolality < 310 mOSm/kg. Serum glucose level ≤ 250 mg/dL is required for the resolution of both 
DKA and HHS. The shorter half-life of insulin necessitates co-administration of subcutaneous basal 
insulin-like NPH or glargine at a minimum of 2 h before stopping IV insulin infusion[52]. This helps 
prevent rebound hyperglycemia, ketogenesis, and recurrent metabolic acidosis[52]. After the resolution 
of an acute hyperglycemic event in a patient with no history of insulin use, a daily insulin dose of 0.5-0.6 
units/kg/d is divided into half basal, and the half bolus is started. For patients with an inability to 
tolerate oral intake, basal insulin alone or continuous insulin drip is recommended until they can eat. 
Patients with a diagnosis of diabetes can be continued on the previous insulin regimen[53]. However, if 
they have a history of recurrent hypoglycemia or hyperglycemia, then the insulin dose should be 
adjusted according to HbA1c. Patients with T1D, DKA, and HHS are most likely to benefit from insulin 
regimens with basal insulin and rapid-acting insulin analogs[53].

POTASSIUM
Measurement of potassium level is necessary before giving insulin because insulin causes an 
intracellular shift of potassium resulting in hypokalemia.  Patients with both DKA and HHS are 
potassium depleted even if they have normal serum potassium levels. The potassium level must be > 3.3 
mEq/L before insulin therapy is initiated[53]. Giving insulin to a patient with admission potassium < 
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3.3 mEq/L can result in symptomatic hypokalemia, muscle weakness, and cardiac arrhythmias. To 
maintain a potassium concentration of 4-5 mEq/L, potassium replacement should begin at < 5.2 mEq/L 
and > 3.3 mEq/L. Extreme caution is needed while replenishing potassium in anuric patients due to the 
risk of hyperkalemia. Two hourly monitoring of potassium is needed while administering insulin 
infusion[54]. Death in the initial phases of hyperglycemic crises is mainly due to hyperkalemia, whereas 
the most common cause of death in late phases of treatment is hypokalemia. Thus 2-h monitoring of 
serum potassium is of profound importance during treatment.

pH
Acidosis usually resolves with intravenous fluids and insulin, and routine administration of bicarbonate 
is not recommended as it has not shown any benefit in improving clinical outcomes[55]. In fact, 
bicarbonate increases the risk of developing hypokalemia, rebound acidosis, hypoxia, hypernatremia, 
and cerebral edema[56]. The only case where bicarbonate is recommended is when the blood pH is < 
6.9. The use of bicarbonate therapy is not recommended in patients with mild DKA with pH > 7.0 or 
with HHSbecause of the lack of therapeutic benefits, bicarbonate therapy is generally avoided[28].

A mild degree of hypophosphatemia is common in hyperglycemic emergencies, and phosphate 
replacement is only indicated when blood levels are below 1 mg/dL, especially in a patient with 
respiratory or cardiac distress. There is no beneficial effect of phosphate replacement in DKA[57,58].

CONCLUSION
In summary, DKA and HHS are both hyperglycemic emergencies that have the potential for serious 
complications if not recognized and treated early and aggressively. The admission number for both 
hyperglycemic diseases has increased in the past two decades as the incidence of DM has also increased. 
However, the admission number for DKA is higher than those of HHS, although the mortality rate of 
HHS remains greater. An overlap in both DKA and HHS is associated with an increased mortality rate 
than both isolated DKA and HHS. These patients present with a combination of significant hyperg-
lycemia and severe ketosis. Important clinical signs to look for in patients with the hyperglycemic crisis 
are polydipsia, polyuria, weight loss, signs of intravascular volume loss, mental status change, 
abdominal pain, evaluation of blood glucose, BUN, creatinine, anion gap, serum ketones, serum 
osmolality, urinalysis, urine ketones. ABG is important in the initial assessment of DKA, HHS, or a 
patient presenting with a mixed picture. It is important to recognize the signs and symptoms of DKA 
and HHS, but it is just as vital to recognize when they overlap as the mortality can increase two-fold 
when dealing with a case of overlapping disease. DKA and HHS are both medical emergencies that 
require prompt diagnosis and therapy. Treatment goals for both DKA and HHS involve restoring 
intravascular volume, normalizing serum glucose and serum osmolality, correcting electrolyte 
imbalances, reducing serum ketones, and treatment of the underlying infection or cause. The mainstay 
therapy for both DKA and HHS is insulin administration to inhibit ketogenesis, lipolysis, and gluconeo-
genesis. As of now, patients presenting with combined features of both DKA and HHS are treated under 
the same guidelines as isolated DKA patients, as there is no strict consensus for management.
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