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DKA occurs mostly in type 1 diabetes, but is 
also possible in type 2 diabetes, especially with 
concomitant infection, trauma, cardiovascular 
stress, or other medical emergencies.3 Decom‑
pensation of diabetes is often caused by poor 
management, despite the fact that there are nu‑
merous voluntary organizations and educational 
programs that provide support for patients with 
diabetes.4,5 The mortality rate of DKA has fallen 
significantly over the years and is currently less 
than 1%. This is due to improved therapy during 
the episodes of DKA.6

Patients with DKA almost always present 
with potassium deficiency.7,8 This is caused by 
osmotic diuresis, excretion of potassium ketoacid 

INTRODUCTION  Diabetic ketoacidosis (DKA) is 
an acute and life‑threatening complication of 
diabetes mellitus. It results from absolute in‑
sulin deficiency and is accompanied by an in‑
crease in counterregulatory hormones (gluca‑
gon, catecholamines, cortisol, and growth hor‑
mone). DKA is a metabolic disorder, which en‑
compasses hyperglycemia, metabolic acidosis, 
and the production of ketone bodies.1,2 An im‑
portant prognostic indicator is the timing of its 
management as the longer the patient remains 
in DKA, the higher the health risks of acidosis 
and hyperglycemia. The duration of the acute 
phase of DKA appears to be crucial in the prog‑
nosis of patients.
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ABSTRACT

INTRODUCTION  Diabetic ketoacidosis is a life-threatening condition that requires prompt management.
OBJECTIVES  We aimed to assess the impact of adherence to potassium replacement protocol according 
to the guidelines of Diabetes Poland on the duration of diabetic ketoacidosis (DKA) treatment.
PATIENTS AND METHODS  This retrospective analysis included 242 adults (median age, 27 years; range, 
21–38 years). Nonadherence to potassium replacement protocol was assessed, along with the relationship 
between nonadherence and duration of DKA management. Nonadherence to the protocol was defined as 
too low or too high doses of potassium compared with the recommended potassium replacement protocol.
RESULTS  The median duration of DKA treatment was longer in the nonadherent group than in the ad-
herent group: 37 hours (interquartile range [IQR], 27–48) and 30 hours (IQR, 17–43), respectively (P = 
0.005). Treatment duration correlated positively with nonadherence to potassium replacement protocol 
(r = 0.18; P = 0.005) and severity of DKA (r = 0.52; P <0.0001). Stepwise multivariate linear regres-
sion analysis indicated nonadherence to the protocol (β = 0.14; P = 0.02) and severity of DKA (β = 
0.43; P <0.0001) as predictors of treatment duration, after adjustment for body mass index and age 
(R2 = 0.28; P <0.0001).
CONCLUSIONS  Nonadherence to potassium replacement protocol leads to prolongation of DKA manage-
ment. Medical staff should be educated about the benefits of potassium replacement and precision in 
potassium administration and dosing in patients with DKA.
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Data collection  Patients’ data were collected 
between January 2012 and December 2015 and 
included anthropometric measures (body mass, 
height, body mass index [BMI], and waist cir‑
cumference), age, and sex. Blood tests includ‑
ed the measurement of venous blood gas (pH, 
HCO3

–, base excess [BE]), metabolic parameters 
(glycated hemoglobin and glucose levels), elec‑
trolytes (potassium and sodium), anion gap, 
and creatinine. All parameters were measured 
in plasma using standard laboratory methods. 
The glucose level was measured every hour in 
capillary blood. The levels of sodium, potassium, 
and blood gases were measured every 4 hours in 
venous blood.

The volumes of transfused fluids (0.9% sodi‑
um chloride, 5% glucose) during DKA therapy 
were noted and presented as combined results. 
The total duration of DKA therapy was defined 
as the number of hours between admission and 
achievement of normal blood gas parameters.

Laboratory criteria for diagnosis of diabetic ketoaci-
dosis  The diagnostic criteria for DKA were as fol‑
lows: glucose level over 250 mg/dl (13.9 mmol/l), 
pH below 7.3, serum HCO3

– below 15 mmol/l, an‑
ion gap over 12 mmol/l, and the presence of ke‑
tone bodies in urine. Anion gap was calculated 
using the formula: Na+ (mmol/l) – [Cl– (mmol/l) 
+ HCO3

– (mmol/l)], where Na+ stands for sodi‑
um; Cl–, chloride; and HCO3

–, bicarbonate ions 
in blood. To diagnose DKA, every criterion had 
to be met. The severity of DKA was assessed as 
mild if pH was higher than 7.24 and as moderate 
or severe if pH was lower than 7.24.

Potasssium replacement protocol and nonadherence  
The protocol of potassium supplementation was 
according to the 2016 guidelines of Diabetes Po‑
land.14 Plasma potassium levels were measured 
every 4 hours. Nonadherence to the protocol was 
defined as too low or too high doses of potassi‑
um compared with those recommended by Dia‑
betes Poland in the potassium replacement pro‑
tocol for DKA treatment. Patients were divid‑
ed into 2 groups: nonadherent and adherent to 
the potassium replacement protocol. A single case 
of nonadherence to the protocol was enough for 
the patient to be classified in the nonadherent 
group. Adequate potassium replacement was eval‑
uated after every potassium measurement. Ad‑
equate potassium doses depended on the actu‑
al concentration of potassium in blood accord‑
ing to TABLE 1.14

Ethical considerations  The study protocol was 
approved by the local ethics committee (refer‑
ence no.: 487/12) and followed the Declaration 
of Helsinki on biomedical research involving hu‑
man subjects.

Statistical analyses  Statistical analysis was con‑
ducted using the commercially available software, 
STATISTICA V12.5 PL (Statsoft, Tusla, Oklahoma, 

anion salts, secondary hyperaldosteronism, and, 
to a lesser extent, gastrointestinal loss. Howev‑
er, plasma potassium concentrations are often 
within the reference ranges or even elevated.9 In 
healthy adults, the approximate total body con‑
tent of potassium is 50 mEq/kg, and 98% is ob‑
served intracellularly.10 Insulin administration 
activates Na+/K+-ATPase, causing active potassi‑
um uptake and thus generating serum hypokale‑
mia. During DKA treatment, the serum potassi‑
um level decreases rapidly and can result in life
‑threatening complications, such as bradycardia, 
ventricular fibrillation, or acute respiratory fail‑
ure,11-13 even despite potassium replacement. To 
prevent these complications, a potassium sup‑
plementation algorithm has been developed in 
Poland and other countries.14-16 Importantly, in 
the United Kingdom and United States, there are 
different indications for the equalization of potas‑
sium deficiency in DKA. Due to the lack of firm 
evidence base, there are discrepancies in proto‑
cols for managing DKA.17

Although there are clear guidelines for the 
management of DKA, nonadherence to DKA 
treatment protocols is highly prevalent, which 
is considered the major reason for therapy fail‑
ure.18 This study aimed to assess the impact of 
adherence to potassium replacement protocol ac‑
cording to the guidelines of Diabetes Poland on 
the duration of DKA treatment.

PATIENTS AND METHODS  Study population  This 
retrospective analysis was conducted among 
302 patients with diabetes mellitus referred to 
the Department of Internal Medicine and Diabe‑
tology at the Poznan University of Medical Scienc‑
es (Poznań, Poland) between the years 2012 and 
2015 with a preliminary diagnosis of DKA. The in‑
clusion criterion was age above 18 years. Patients 
who did not meet the diagnostic criteria for DKA, 
those who required intensive care, those with ges‑
tational DKA, and those who died due to DKA 
were not eligible for the study. A total of 60 pa‑
tients were excluded, resulting in the final study 
sample of 242 patients.

TABLE 1  Recommended doses of potassium chloride (KCl) according to 2017 Polish 
Diabetes Guidelines28

Blood potassium 
concentration, mmol/l

Recommended KCl supplementationa, mmol/h

>5.5 Do not administer KCl.b

5.0–5.5 5–10

4–5 10–15

3–4 15–20

<3 25 after stopping insulin infusion.

a  Central venous line or 2 peripheral veins should be used in the case of potassium 
supplementation over 15 mmol/h.

b  If the serum potassium level is higher than 5.5 mmol/l, the measurement should be 
performed after 2 hours, and after normalization, every 4 hours.
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in a stepwise multivariate linear regression mod‑
el for further analyses.

RESULTS  Nonadherence to the potassium re‑
placement protocol was observed in 173 patients 
(71%). There were no significant differences in 
age or sex between groups (TABLE 2). The median 
(IQR) duration of DKA therapy was significantly 
longer in the nonadherent group than in the ad‑
herent one (TABLE 3). The volumes of transfused 
sodium chloride and potassium chloride were 
also significantly different between groups, with 
higher volumes transfused in the nonadherent 
group in comparison with the adherent group 
(TABLE 3). We observed significant differences be‑
tween groups in blood gas parameters at base‑
line (TABLE 2). Patients in the nonadherent group 
were characterized by worse blood gas results 
on admission in comparison with the adherent 
group. They showed lower pH and HCO3

– and 
higher BE. In both groups, mild DKA was more 
common than moderate and severe DKA. How‑
ever, in the nonadherent group, the difference in 
this prevalence was significantly lower and mod‑
erate and severe DKA was more common than in 
the adherent group.

There were no significant differences in sodi‑
um and potassium concentrations on admission 
between groups. Duration of DKA therapy corre‑
lated positively with nonadherence to potassium 
replacement protocol, severity of DKA, and BMI. 
On the other hand, negative correlations were 
found for blood gases: pH, HCO3

–, and BE. Data 
are presented in TABLE 4. The stepwise multivari‑
ate linear regression analysis indicated nonadher‑
ence to potassium replacement protocol and se‑
verity of DKA as predictors of DKA treatment du‑
ration, after adjustment for BMI and age (TABLE 5).

DISCUSSION  DKA is an acute, life‑threatening 
condition. Its duration is critical, as it affects 
the patient’s prognosis. Despite recommenda‑
tions of Polish and international societies, nonad‑
herence to DKA treatment protocols is widely ob‑
served.18 To our knowledge, our study is the first 
to focus particularly on nonadherence to potas‑
sium replacement protocol in the treatment of 
DKA. We showed that the nonadherence affects 
the management of DKA by prolonging its du‑
ration and, consequently, the length of hospi‑
tal stay.13

Because DKA is a hyperglycemic state associat‑
ed with a significant risk of death,19 it is essential 
that patients are managed in the fastest possible 
way with a safe and appropriate treatment. To 
meet this goal, scientific societies worldwide have 
developed recommendations and step‑by‑step al‑
gorithms for DKA therapy.20,21 They are clear, easy 
to follow, and evidence based. Literature data con‑
firm the benefits of using appropriate algorithms 
in DKA treatment.22,23 However, medical staff 
does not always follow the guidelines.

The use of insulin therapy in DKA treatment 
results in a shift of intracellular potassium and 

United States). The results were presented as me‑
dian and interquartile range (IQR). Normal dis‑
tribution of data was verified using the Shap‑
iro–Wilk test. However, due to nonnormal distri‑
bution, the Mann–Whitney test was performed 
to compare the median results of laboratory tests 
in the study groups. The χ2 test was used to as‑
sess differences in the nominal results between 
groups. Correlations between duration of DKA 
treatment and laboratory findings were assessed 
using the Spearman rank correlation analysis. 
A P value of less than 0.05 was considered signif‑
icant. We assessed variables that correlated with 
the duration of DKA therapy and included them 

TABLE 2  Baseline characteristics of groups with nonadherence and adherence to 
potassium replacement protocol

Parameter Nonadherent group

(n = 173)

Adherent group

(n = 69)

P value

Age, y 27 (21–38) 27 (21–37) 0.9

Sex, male/female, n 90/83 31/38 0.3a

Smoking, n (%) 66 (38.2) 20 (29.0) 0.2a

HbA1c, mmol/l 100 (86–120) 105 (86–122) 0.4

HbA1c, % 11.3 (10.0–13.1) 11.8 (10.0–13.3) 0.4

BMI, kg/m2 22.24 (20.07–24.57) 21.78 (20.08–23.22) 0.2

Glucose, mmol/l 21.7 (14.8–27.4) 19.0 (15.0–23.9) 0.2

pH 7.26 (7.11–7.34) 7.32 (7.16–7.38) 0.01

HCO3
–, mmol/l 11.9 (8.1–17.0) 15.6 (9.0–19.6) 0.01

BE, mmol/l –16.7 (–23.3 to –9.6) –9.4 (–21.5 to –6.4) 0.009

Severity of DKA, mild / 
moderate and severe,  
n (%)

92 (53.2) / 81 (46.8) 46 (66.7) / 23 (33.3) 0.08a

Sodium, mmol/l 133 (131–136) 133 (131–137) 0.7

Potassium, mmol/l 4.35 (3.95–4.99) 4.22 (3.96–4.74) 0.2

Creatinine, µmol/l 76.9 (61.9–100.8) 76.9 (62.8–96.4) 0.6

Data are presented as median (interquartile range) unless otherwise indicated.  
A P value of less than 0.05 was considered significant.

a  χ2 test with Yates correction; Mann–Whitney in the remaining cases

Abbreviations: BE, base excess; BMI, body mass index; DKA, diabetic ketoacidosis; 
HbA1c, glycated hemoglobin A1c

TABLE 3  Posttreatment characteristics of groups with nonadherence and adherence 
to potassium replacement protocol

Parameter Nonadherent group

(n = 173)

Adherent group

(n = 69)

P value

Duration of DKA 
therapy, h

37 (27–48) 30 (17–43) 0.005

Volume of transfused 
0.9% sodium 
chloride, ml

10 137.5 (7250.0–12 645.0) 8500 (5000–11 000) 0.005

Volume of transfused 
5% glucose, ml

2900 (1800–4100) 2400 (1100–3800) 0.07

Amount of transfused 
potassium, mmol

485 (300–655) 380 (190–585) 0.04

Data are presented as median (interquartile range). A P value of less than 0.05 was 
considered significant.

Abbreviations: see TABLE 2
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supplementation to prevent serious complica‑
tions, such as arrhythmia. Therefore, continuous 
monitoring of blood potassium levels and its re‑
placement should be conducted as per the man‑
datory protocol.

One of the components of DKA treatment is to 
provide adequate amounts of potassium. The rec‑
ommendations strictly determine the amount of 
potassium that should be supplemented depend‑
ing on blood potassium levels. The DKA man‑
agement protocol is designed to facilitate clini‑
cal practice and help clinicians avoid errors. Our 
analysis showed that proper potassium replace‑
ment is crucial in the therapeutic process as it af‑
fects duration of DKA management. In our study, 
the treatment duration in the nonadherent group 
was significantly longer compared with the adher‑
ent group. Interestingly, the volumes of trans‑
fused sodium and potassium chloride in the non‑
adherent group were significantly higher than in 
the adherent group. Therefore, our study confirms 
that nonadherence to potassium replacement 
protocol is harmful in that it increases the dura‑
tion of DKA treatment, thus exposing patients 
to life‑threatening complications. It is thus cru‑
cial to follow current treatment protocols, includ‑
ing potassium replacement, when managing pa‑
tients with DKA. This will help avoid treatment 
errors and prolonged hospital stays. 

Another issue is the reason for nonadherence. 
According to Singh et al,25 young doctors man‑
aging patients with DKA make mistakes in their 
practice that increase morbidity and mortality 
among patients. The main mistakes include delays 
in implementing individual parts of the protocol, 
administration of an insufficient volume of flu‑
ids, and too low a dose of potassium.25 The types 
of nonadherence observed in our study are list‑
ed in TABLE 6.

Evans et al26 compared 2 cohorts of patients: 
one treated according to the protocol recommend‑
ed by the American Diabetes Association and 
the other not treated in line with the guidelines. 
However, the authors introduced a few chang‑
es to the protocol, for example, they started re‑
placement at an upper limit of potassium lev‑
el of 5.2 mEq/l instead of 5 mEq/l. They com‑
pared the groups before and after the introduc‑
tion of the protocol. The outcomes included du‑
ration of DKA treatment, time to intravenous 
fluid administration, and time to potassium re‑
placement. Patients treated according to the old 
protocol (5 mEq/l) had a longer duration of DKA 
treatment and time to the first potassium replace‑
ment, although the differences were not signifi‑
cant. Additionally, the authors evaluated the out‑
comes only among patients treated after the in‑
troduction of the modified protocol (5.2 mEq/l) 
because only a few patients were not treated ac‑
cording to this protocol. The cohort managed 
with the changed protocol had a shorter dura‑
tion of DKA therapy and time to the first potas‑
sium replacement. The authors suggested that 
their protocol may improve treatment outcomes 

a decrease in plasma potassium levels, causing hy‑
pokalemia. This phenomenon can be caused both 
by high doses of insulin and its prolonged intra‑
venous infusions.24 It is critical to eliminate any 
potential potassium deficiency through parenteral 

TABLE 4  Correlations between laboratory parameters and duration of diabetic 
ketoacidosis treatment

Parameter r P value

Nonadherence to potassium replacement protocol 0.18 0.005

Age –0.09 0.2

Type 1 diabetes duration 0.007 0.9

Glycated hemoglobin 0.07 0.3

BMI 0.17 0.01

Glucose 0.10 0.1

pH –0.59 <0.0001

HCO3
– –0.57 <0.0001

BE –0.61 <0.0001

Severity of DKA 0.52 <0.0001

Sodium –0.07 0.3

Potassium 0.07 0.3

Creatinine 0.07 0.3

Volumes of transfused fluids were excluded because of their correlation with treatment 
duration. A P value of less than 0.05 was considered significant.

Abbreviations: see TABLES 1 and 2

TABLE 5  Predictors of diabetic ketoacidosis treatment duration in linear regression 
analysis with treatment duration as a dependent variable

Predictor Multivariate regression analysis

β (95% CI) P value

Nonadherence to potassium replacement 
protocol

0.14 (0.02–0.25) 0.02

BMI 0.11 (–0.01 to 0.22) 0.07

Severity of DKA 0.43 (0.32–0.54) <0.0001

Male sex –0.21 (–0.32 to –0.09) 0.0004

Age –0.03 (–0.15 to 0.08) 0.59

Model performance: R2 = 0.28; P <0.0001

Abbreviations: see TABLES 1 and 2

TABLE 6  Types of nonadherence to potassium replacement protocol in the study

Type of nonadherence Causes and circumstances

Potassium dose too low •	Previous dose was repeated regardless of the blood 
potassium level.
•	Potassium was administered shortly before 

the measurement of potassium concentration.
•	The dose administered by the physician was too low 

without any clear cause.

Potassium dose too high •	Previous dose was repeated regardless of the blood 
potassium level.
•	Potassium was administered shortly before 

the measurement of potassium concentration.
•	The dose administered by the physician was too high 

without any clear cause.

Missed potassium dose •	Mainly not administered to patients by oversight
•	Administration sometimes terminated prematurely
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of patients with DKA. They compared time to 
the first potassium replacement, but there were 
no data on the volume of transfused potassium. 
It is unknown whether the groups differed in po‑
tassium doses and how this might have affected 
the duration of treatment.

Bull et al27 observed that the available recom‑
mendations are not ideal for effective treatment 
of patients with DKA. They highlighted the fact 
that the proposed guidelines do not focus on all 
aspects of DKA and that the suggested regimens 
are not mandatory. They compared 2 cohorts of 
patients before and after the introduction of a 
mandatory DKA treatment protocol covering all 
components of the required therapy. Patients who 
were treated according to the mandatory proto‑
col were characterized by shorter hospital and in‑
tensive care unit stays, as well as a shorter dura‑
tion of DKA therapy. The authors confirmed that 
compliance with the mandatory protocol provides 
an opportunity for a successful treatment of DKA.

In conclusion, nonadherence to potassium re‑
placement protocol leads to prolonged DKA man‑
agement. To our knowledge, this is the first study 
showing the relationship between adherence to 
potassium replacement and duration of DKA 
management in patients with diabetes. One of 
the primary goals of DKA treatment is to main‑
tain normal electrolyte levels. Our study showed 
that this is extremely important not only for pre‑
vention of arrhythmia or cerebral edema, but also 
for a faster resolution of this life‑threatening com‑
plication in patients with diabetes.
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