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Abstract
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Diabetic ketoacidosis (DKA) is one of the acute complications of diabetes mellitus (DM) that can involve patients from all types 
of DM. DKA-associated electrolyte imbalance is the main contributor to morbidity and mortality in diabetic patients with potas-
sium being the most affected electrolyte in DKA. The aim of this study is to provide an overview of the prevalence, pathogenesis and 
management of hypokalemia in DKA. For that, we performed an extensive literature search of the Medline, Cochrane, and EMBASE 
databases 25 October 2019 using the medical subject headings (MeSH) terms. Papers discussing the prevalence, pathogenesis and 
management of hypokalemia in DKA were screened for relevant information. The prevalence of hypokalemia in patients with DKA 
to be ranging from 0% to 4%, during different stages of DKA management. However, a higher (5.6%) and lower (1.3%) prevalence of 
hypokalemia has been also reported. The lack of insulin, the renal loss of potassium, diarrhea and vomiting are all major contribution 
factor in the complex pathogenesis of hypokalemia. The American Diabetic Association (ADA) and Joint British Diabetes Societies 
(JBDS) guidelines are recommending intravenous fluid resuscitation and measuring the potassium levels prior to insulin initiation. 
Once the normal saline has been used for initial resuscitation and the potassium level is back to normal, the potassium replacement 
therapy should be started. This replacement therapy is required for patients with for all patient with serum potassium level between 
3.3 and 4.5 mmol/L.
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Introduction
Diabetic ketoacidosis (DKA) is one of the acute complications of diabetes mellitus (DM) that can involve patients from all types of DM 

[1]. It is more common in type 1 diabetes compared to type 2 diabetes. DKA is the first presentation in about one-third of the newly di-
agnosed type 1 DM patients and a higher percentage can be noticed within the low socioeconomic groups [2,3]. A significant increase of 
54.9% in DKA-related hospitalization has been recorded between 2009 and 2014 only [4,5]. DKA is reported to be responsible for about 
500,00 days of hospital stay per year with overall cost of 2.4 billion US dollars [4,6,7]. The pathogenesis of DKA is quite simple; a decline in 
the insulin will decrease the glucose entry to the cells with subsequent hyperglycemia [8]. Accordingly, a series of triglycerides breakdown 
starts to give free fatty acids that can be used as a source of energy [1,9,10]. Ketones, as the end product of this metabolic plateau, will 
cause blood acidification with hemostasis disruption [8]. The treatment of DKA is usually a straight forward process with insulin, colloid 
or crystalloid administration to correct hyperglycemia, hypovolemia and electrolyte disturbance [1,9,11]. However, the patient usually 
seeks medical care when these simple derangements have gone far away [12,13].

DKA-associated electrolyte imbalance is the main contributor to morbidity and mortality in diabetic patients with potassium being 
the most affected electrolyte in DKA [8,14,15]. An expected drop of total potassium up to 3 - 6 mEq/kg is usually expected at presenta-
tion; however, serum potassium will not be very low due to the extracellular shift induced by acidosis and insulin deficiency [8,9,15]. This 
decline in total body potassium is mainly caused by vomiting, excessive urination, and secondary hyperaldosteronism [8,9,15]. Following 
insulin treatment, the serum potassium level will drop due to the resulting intracellular shift [3]. The mandatory potassium replacement 
therapy is a standard in DKA management to prevent hypokalemia and associated fatal complications including arrhythmias and respira-
tory failure [3]. 

Aim of the Study
The aim of this study is to provide an overview of the prevalence, pathogenesis, and management of hypokalemia in DKA.

Methods
We performed an extensive literature search of the Medline, Cochrane, and EMBASE databases on 25 October 2019 using the medical 

subject headings (MeSH) terms “Diabetic Ketoacidosis” [Mesh] AND “Hypokalemia” [Mesh]. Papers discussing the prevalence, patho-
genesis, and management of hypokalemia in DKA were screened for relevant information. There were no limits on date, language, age of 
participants or publication type.

Prevalence of hypokalemia in DKA

Many studies in the literature have reported the prevalence of hypokalemia in patients with DKA to be ranging from 0% to 4%, during 
different stages of DKA management [16,23]. Accordingly, the American Diabetic Association (ADA) and Joint British Diabetes Societ-
ies (JBDS) guidelines are recommending intravenous fluid resuscitation and measuring the potassium levels prior to insulin initiation 
[24,25]. In the same context, a higher prevalence of hypokalemia (5.6%) was reported among 54 studied DKA patients [26]. In contrast, 
a large multi-center cross-sectional study of 537 DKA patients has found a much smaller prevalence of hypokalemia with only 1.3% [27]. 
Moreover, none of the patients was presenting with significant hypokalemia (< 3.3 mmol/L) that may necessitate potassium supplemen-
tation prior to insulin treatment [27]. They considered this difference mainly due to the changing demographics of diabetes with further 
recent large scale studies needed [27].

In a retrospective study of the pediatric population, 114 children with DKA have been screened for hypokalemia and possible pre-
cipitating factors [28]. This study showed a prevalence of 13.8% at presentation and 92.5% during the treatment of DKA [28]. The study 
also concluded that duration of the metabolic acidosis is the most important risk factor for developing hypokalemia and other possible 
factors include younger age, higher urine output, lower body weight, lower mean plasma bicarbonate at presentation, lower potassium 
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serum level at presentation, higher potassium supplementation was given before nadir of potassium (Kn), and shorter time lag of starting 
potassium supplements [28].

Pathogenesis of potassium loss during DKA

The lack of insulin can cause a major disturbance in the electrolytes and potassium is the most impacted one [13,16]. Insulin pro-
motes the intracellular influx of potassium and from the extracellular space [8,16,29,30]. The stress-induces cellular insensitivity makes 
it impossible for cells to uptake potassium through the catecholamine-induced mechanism [8,30,31]. The aforementioned mechanism 
would cause an increase in serum potassium that be evident as false hyperkalemia in some cases [8,32,33]. Moreover, the hyperglycemia-
induced diuresis with subsequent water and sodium retention, as a compensatory mechanism, at the expense of potassium excretion 
[8,9]. In a similar mechanism, acidosis-induced compensation by preserving the hydrogen of bicarbonate would do that at the expense of 
potassium excretion [8,9].

Besides the renal loss of potassium, a significant amount is lost through the gastrointestinal tract [1,8,34]. The protective nature of the 
human body would maintain balanced osmotic pressure at expense of electrolytes (both serum and tissue) [8]. As previously mentioned, 
there is a hyperkalemic state which induces preservation of hydrogen ions by gastric cells [1,8,34]. Accordingly, the associated epigastric 
stress would induce vomiting and diarrhea with further potassium loss [1,8,34]. 

Overview of hypokalemia management and potassium resuscitation

Most morbidity and mortality in DKA managements is a result of mismanagement of potassium replacement. Insulin therapy, volume 
resuscitation and correction of acidosis decrease serum potassium concentration. Patients with low serum potassium concentration on 
admission have severe total-body potassium deficiency and require potassium replacement and cardiac monitoring because treatment 
lowers potassium and can provoke cardiac dysrhythmia. As mentioned before, the patients usually seek treatment after deterioration, 
which makes the DKA management a complex process [8,12,13]. When is patient is not comatose, fluid resuscitation and bolus insulin are 
started as soon as possible [8]. The ADA and JBDS guidelines are recommending intravenous fluid resuscitation and measuring the potas-
sium levels prior to insulin initiation [24,25]. Once the normal saline has been used for initial resuscitation and the potassium level is back 
to normal, the potassium replacement therapy should be started [8,9,25,35]. This replacement therapy is required for patients with for all 
patients with serum potassium levels between 3.3 and 4.5 mmol/L [8,9,25,35]. If serum potassium less than 3.3 meq/l, insulin should be 
postponed temporarily until potassium concentration increase above 3.3 meq/l in order to prevent cardiac arrhythmia and respiratory 
muscle weakness. Serial monitoring of serum potassium level is crucial during the management of DKA. The recommendations of the 
most used guidelines are summarized in figure 1 [9,11,35,36].

A recent case report of a 39-year-old African-American female, with DKA and hypokalemia, has shown a possible promising treatment 
for persistent cases [4]. Correction of the patient’s serum potassium has initiated through intravenous route; however, all efforts have 
failed [4]. A more aggressive approach has been used with veno-venous hemodialysis (CVVH) using a 4 mEq/L K dialysate bath along with 
aldactone and low-dose insulin infusion for 24 hours [4]. On follow up, the patient showed normalization of potassium levels, correction 
of acidosis, and improvement in conscious level [4]. 

Conclusion
DKA-associated hypokalemia is a fatal complication that should be monitored and corrected as soon as possible. Following the initial 

resuscitation with normal saline and the potassium level is back to normal, the potassium replacement therapy should be started. CVVH 
should be considered for persistent cases of DKA-associated hypokalemia.
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Figure 1: Recommendations of potassium replacement by different guidelines. NICE: The National Institute for Health and Care 
Excellence; JBDS: Joint British Diabetes Societies; CPG: Clinical Practice Guidelines [9,11,35,36].
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