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Background: During the progress and resolution of a diabetic ketoacidosis (DKA) episode,
potassium levels are significantly affected by the extent of acidosis. However, none of the
current guidelines take into account acidosis during resuscitation of potassium level in DKA
management, which may increase the risk of cardiovascular adverse events.

Objective: To assess literature regarding the adjustment of potassium level using pH to
calculate pH-adjusted corrected potassium level, and to observe the relationship of cardiovas-
cular outcomes with reported potassium level and pH-adjusted corrected potassium in DKA.
Methodology: Seven databases were searched from inception to January 2018 for studies
which had reported people with diabetes developing diabetic ketoacidosis, in relation to
prevalence or incidence, fluid resuscitation or potassium supplementation treatment, treat-
ment or cardiovascular outcomes, and experimentation with DKA management or insulin.
Quality of studies was evaluated using Cochrane Risk of Bias and Newcastle Ottawa Scale.
Results: Forty-seven studies were included in qualitative synthesis out of a total of 10,292
retrieved studies. Forty-one studies discussed the potassium level and blood pH at the time of
admission, ten studies discussed cardiovascular outcomes, and only four studies concurrently
discussed potassium level, pH, and cardiovascular outcomes. Only two studies were graded
as good on the Newcastle Ottawa Scale. The reported potassium level was well within
normal range (5.8 mmol/L), whereas pH rendered patients to be moderately acidotic (7.13).
Surprisingly, none of the included studies mentioned pH-adjusted corrected potassium level
and, hence, this was calculated later. Although mean corrected potassium was within the
normal range (3.56 mmol/L), 13 studies had corrected potassium below 3.5 mmol/L and five
had it below 3.0 mmol/L. Nevertheless, with the exception of one study, none discussed
cardiovascular outcomes in the context of potassium or pH-adjusted potassium level.
Conclusion: The evidence surrounding cardiovascular outcomes during DKA episodes in
light of a pH-adjusted corrected potassium level is scarce. A prospective observational, or
preferably, an experimental study in this regard will ensure we can modify and enhance
safety of existing DKA treatment protocols.

Keywords: diabetic ketoacidosis, potassium, hypokalemia, blood gasses, acidosis, pH,

treatment outcomes, cardiovascular, insulin

Background

Diabetic ketoacidosis

Diabetic ketoacidosis is a prevalent acute hyperglycemic complication of diabetes
mellitus.' It is a severe and life threatening complication, and requires immediate
therapeutic interventions which may otherwise lead to a fatal outcome.”> The most

submit your manuscript

Dove n

http:

in 3

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12 1323-1338 1323

© 2019 Usman et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.

T php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Usman et al

Dove

common causes of any DKA episode are poor compliance,
infection, and physical stress, ie, cardiovascular (CV)
disorder.>” Initial insulin deficiency causes hyperglycemia,
ketonemia, and acidosis, all of which promote diuresis.
This causes notable hypovolemia and loss of electrolytes.
In response to the metabolic and hypovolemic stress, the
concentration of counter regulatory hormones (CRH), ie,
catecholamines, increases significantly. Increase in CRH
further exacerbates circulatory distress.* Metabolic, hor-
monal, and circulatory impairment in DKA requires swift
action. In this regard, recommended treatment of DKA
encompass of correction of blood volume, achieving
euglycemia, and restoration of normal pH utilizing intra-
venous fluid resuscitation, insulin, and bicarbonate buffer,
respectively.*”’

Potassium in diabetic ketoacidosis

Hypokalemia is a frequently observed complication in
DKA. The role of potassium during an episode of DKA
is very crucial where the abovementioned factors have an
arguable influence on its regulation.® ' Initially, DKA
patients experience hyperkalemia; insulin deficiency ren-
ders cellular inability to allow potassium re-entry into the
cell, and catecholamines induced cellular insensitivity hin-
ders cellular uptake of potassium.'' Upon further progress,
acidosis causes desensitization of cognate receptors of
insulin and catecholamines, resulting in exacerbating
hyperkalemia.'*>  Nevertheless, hyperkalemia swiftly
changes to hypokalemia. Primary renal clearance of exces-
sive glucose, and secondary renal clearance of ketone
bodies cause polyurea and hypovolemia. In order to main-
tain homeostasis, the kidneys retain sodium and bicarbo-
nate at the expense of potassium excretion.'®'® Diuresis
induced by hyperglycemia and ketosis alone depletes as
much as 3—-15 mmol/kg of potassium.'*'> Additionally,
hyperkalemia-induced vomiting in DKA causes a loss of

potassium too."®

Potassium in cardiovascular outcomes

Cardiovascular disorders are also among precipitating fac-
tors of DKA whereby they cause physical stress in DM
patients.'”” Among CV disorders, myocardial infarction
(MI) is the most observed cardiac incident which triggers
an episode of DKA.''® Moreover, the concentration of
CRH increases significantly during acidosis, which further
increases the risk of adverse CV outcome in DKA patients.
Although an episode of MI may not be directly associated
with potassium level, potassium remains an important

repolarization electrolyte in the cardiac cycle. At any
point of an episode of acute MI, the level of potassium is
often considered crucial as the patient may also experience
life threatening arrhythmia secondary to catecholamine
driven influx of potassium ion.'>** Physiologic effects of
hypokalemia involving pulse induction are altered primar-
ily due to changes in refractory periods of myocardia, and
result in the form of premature ventricular contractions,
fibrillation, and tachycardia. These effects are also visible
when considering an electrocardiograph (ECG) in DKA
patients; a relative flat ST with a prominent U wave fusing
with a T wave is observed among patients with DKA
experiencing hypokalemia.”'** This leads to the notion
that ECG and CVS stability shall also be considered as
prime objectives when treating a DKA patient.

Rationale and objectives

The consequences of hypokalemia accompanied by acido-
sis are relatively deleterious when physiologic cardiac
conduction is hindered.'®** Moreover, deterioration of a
patient’s condition may be observed when pH impairs the
regular function of insulin and catecholamines. On the
other hand, besides that acidosis is a major factor for
hypokalemia in DKA, it also has CVS suppressive
effects.!’ Hydrogen ions reduce cardiac output and periph-
eral vasodilation, hinder inotropic effect, and cause brady-
cardia. Additionally, the association of outcomes of DKA
patients with elevated cardiac troponin I, although not
extensive, somehow depicts that CVS does undergo enor-
mous stress during a DKA episode.”* All these effects of
DKA on CVS encourage us to signify the effect of potas-
sium on CV outcomes in light of acidosis in DKA patients.
Hence, this systematic review aims to explore the differ-
ence between reported potassium level and pH-adjusted
corrected potassium level among the DKA patients.
Second, it also focuses on reports of CV complications
among DKA patients and its correlation with admission
and pH-adjusted corrected potassium level.

Methodology
A systematic review of the published literature was per-
formed following the Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.25 Seven databases — EBSCOhost, PubMed,
Scopus, Ovid databases (Cochrane, Embase, and

MEDLINE), and clinical trial registries — were searched
from the date of inception until January 30, 2018. Main
MeSH terms for DKA, adapted form Andrade-Castellanos
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CA et al,”® were as follows: “Diabetic ketoacidosis”,
“Diabetic Coma”, and (Hyperglycaemic OR Hyperglycemic
OR Diabet* AND (Keto* OR acidos* OR coma) OR
Emergen*) OR DKA. Similarly, MeSH terms related to treat-
ment, treatment modalities, the outcome of treatment, and

potassium were adapted from Tran et al.?’

Finally, terms for
insulin and cardiovascular were added to conclude the search.
All the terms were connected with relevant key words of
of DKA (Supplement).

Boolean operators were used to combine text terms, key-

varying management aspects

words, and MeSH terms. This was further supplemented by
a backward and forward manual search of relevant refer-
ences. Once finalized, search terms were evaluated by
TMK, NM, IR, and AB.

Registration of study protocol
The protocol was registered with PROSPERO (Registration
Number: CRD42018098772).

Study selection

An article was included if it met the following criteria: 1)
the study reported the prevalence of DKA in adult diabetic
patients and assessed admission potassium level and pH;
2) the study qualitatively observed cardiovascular out-
comes in DKA patients; 3) the design of the study was a
cross-sectional or cohort, or randomized controlled trial.
Studies were excluded if 1) it was a case-control, case
report, conference proceeding, systematic review, letter to
editor, an opinion, or research brief; 2) published in lan-
guages other than English; 3) reported DKA secondary to
pregnancy or among pediatrics, or 4) studies evaluating
therapeutic intervention which includes DKA secondary to
sodium-glucose co-transporter 2 inhibitor.

Outcomes of interest

Primary outcome

Level of serum potassium, and pH-adjusted corrected level
of potassium at the time of admission.

Secondary outcome

Cardiovascular outcomes in relation to potassium in DKA
episode

Specifically, the CV outcomes were noted in relation to the
level of potassium at the time of occurrence of CV event
and included ECG, report of fibrillation, tachycardia or
bradycardia, central venous pressure, cardiac arrest, myo-
cardial infarction, and troponin. Moreover, reports of CV
outcomes or signs and symptoms were recorded if the CV

outcome was reported as the reason for fatality. It was
further noted if any relationship was given by the authors
between hypokalemia and the reason for such CV
outcome.

Data extraction and synthesis

All references retrieved were initially grouped under the
respective search engine. Duplicates were removed, and
titles were screened for eligibility. After removal of irre-
levant studies, regrouping was done according to the nat-
ure of the study, ie, case series, clinical trial, guideline, etc.
Relevant demographic, scientific, and clinical information
was recorded in a separate data extraction sheet
(Supplement). Later, the level of corrected potassium was
calculated by subtracting 0.6 mmol/L from the reported
potassium level against each 0.1 decreases in arterial pH
from 7.4."

Two of the authors (AU and TMK) independently
reviewed the titles and abstracts of all identified studies to
determine the articles that were suitable for further consid-
eration. Disagreements were resolved by discussion among
AU and TMK. A standardized form was used to extract the
data from selected studies which included authors, year of
publication, country of conduct of the study, region of the
country, study objectives, sample size, the duration for
study, study design and nature, and level of reported potas-
sium and pH (Supplement). The extracted data was subse-
quently reviewed independently by IR and AB, whereas
verification of extraction was done by TMK, NM, and
MMB. Disagreements encountered in data synthesis, if
any, were resolved by discussion between AU and TMK,
and IR and AB. The value of the pH-adjusted corrected
potassium level was later added to the respective study.

Quality assessment
The quality of randomized clinical trials was assessed

1,>® while observational

using the Cochrane risk of bias too
studies were assessed by using the Newcastle Ottawa
Scale for cross-sectional and cohort studies.””*® For
Cochrane risk of bias, bias that was likely to affect the
results seriously was graded as high risk, bias that was
unlikely to affect results seriously was graded as low risk,
and bias that was likely to raise doubts regarding results
was graded as unclear bias.?®

The Newcastle Ottawa scale for cross-sectional studies was
scored as: “selection (up to 4 points), comparability (up to 2

5 29

points), and outcome (up to 3 points)”.”” A similar standard

was used for the Newcastle Ottawa scale for cohort studies as
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well.*° Overall, the study quality was labeled as poor (score
<3), fair (score 4-6), and good (score >7). Quality assess-
ment was solely done by AU and independently reviewed by
IR, AB, and TMK. Lastly, TMK and SLWH resolved dis-
agreements from quality assessment through discussion.

Results

Study selection

The search identified 5,083 studies after removing dupli-
cates (5,229) and title screening (2,968) (Figure 1). Of
these, 2,115 studies were selected for abstract screening.
A total of 2,039 studies were excluded as they did not
have relevant data related to DKA (502), were reviews
(440), were published in a language other than English
(205), or either had a patient pool of pregnant or pedia-
tric patients (228). The review is concluded on 47

. 9.16,21,31-74
studies.” ™"

Characteristics of included full-text

retrievals

Of the total 47 research articles, 2
58-60,62-64,68-71,73,74

49,21 ,33,39,45,47-49,51-53,56,

were cross-sectional case series mainly
describing retrospective data on either prevalence or simple
characteristics of DKA patients upon admission (Table 1).
Two of the studies*®> were cohorts of DKA patients further
divided on the basis of treatment intervention given at a given

time and retrospectively evaluated for the efficacy or safety of
the said treatment intervention. Seven studies®0-4!:43-35767
were clinical trials that prospectively measured such effects;

40,43,55,57,67

however, only five of these studies were rando-

mized control trials. Only 37 of the studies concurrently

reported the value of pH and potassium,'6-3%337:40-4446-

— -33
50,52-74 9,31-33,36,45 and Ol’lly

six provided only CV outcomes,
four®' %231 discussed potassium, pH, and CV outcomes con-

currently (Table 1).

Records identified through

s Records identified through
= database searching other sources
£ (n =10292) (n=20)
‘%‘
ko) N Duplicates removed
(n =5229)
h 4
Records screened for title Records excluded
(n =5083) (n =2968)
Gecords excluded \
) (n =2039)
% Case reports: 248
3 v Clinical guildelines: 28
® Records screened for Il:l?)l:?:sa %Zr?to tréflg:(::-ogoz
atlstract Not relevant to topic: 194
(n = 2115) Not specific to DKA: 48
Population conflict: 228
Reviews: 440
Species conflict: 78
. Tertiary literature: 49
\Unavailable full-text: 19/
= . e N
= Full-text articles assessed Full-text articles excluded
=) for eligibility (n=29)
L =
(n=76) L )
A 4
3 Studies included in
s qualitative synthesis
2 (n=47)

—

Figure | PRISMA flow chart of inclusion and exclusion of studies in systematic review.

Note: Adapted from PRISMA. %
Abbreviation: DKA, diabetic ketoacidosis.
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Quality of the included studies

7]
g ) © % In terms of quality of the studies, 22
- studies’ ! 3941:42:444649.52-5456.58.59.6171 (e poor, 18
g studies™16:21:4547:48,50.51.60.62.63.66.68-70.72-74  (oored fair,
g. 2 and two studies®*®° scored good on NOS. Among studies
o E| - - - scoring 5, four **>%72 were scored on the basis of
o . 2 2 comparability by controlling confounding factors between
g § g_ g_ the groups as well. Similarly, of the studies that scored 3
§ g g % % and 4 on NOS, three studies®>**°! from score 3, and two
23|« e~ e« studies*”>” from score 4 were also scored for controlling
confounding factors between the groups (Table 1 footnote).
B g g g Of four studies that established comparability between
§ g g g respondents and non-respondents, one each scored 4** and
) 4 3 3 6" on NOS and two scored 7.°*%” Notably, there was only
& G G G one study that defined the sample size in terms of calculat-
. 5 ing on the basis of prevalence of DKA.®
.§ £ _ The Cochrane Risk of Bias tool was used to assess five
< 2|8 ~ = studies.*®**3°°767 None of the studies was completely

blinded for participants (Figure 2). In the context of blind-

ing of outcomes, only two of the studies™>®’

predefined
outcomes for assessment of endpoints. Among these stu-
dies, the least reporting bias was observed in the study by
Ersoz et al,”> while the rest of the studies were found with

a moderate risk of bias.*0:43-37:67

Data analysis: potassium, pH, and

pH-adjusted corrected potassium
Concurrently, the level of potassium and pH was only avail-
able in 41 studies' ¢2!343%37444674 (Tape 2). The least actual

Study Year Quality assessment parameters

Record clinical charactersitics of DM patients when admitted for
DKA, and predictors of outcomes.

Identify precipitating factors, clinical characteristics, and successful
modalities of therapy in T2DM DKA patients.

Compare intermittent s/c insulin with Cll in mild-to-moderate
DKA in terms of safety and efficacy.

Objectives of study

Kitabchi [40] 1976

Sacks [43] 1979

Eras6z [55] 2006

Origin of
study
Zambia
Japan
Philippines

Kitabchi [57] 2008

Houshyar [67]

Year of
publication
2016

2017

2017

Table | (Continued).
Authors

Kakusa et al’?

Kamata et al”?

Balili and Gomez”*

Abbreviations: DKA: Diabetic ketoacidosis; HCO3-: Bicarbonate; IV: Intravenous; IM: Intramuscular; s/c: Subcutaneous; TIDM: Type | Diabetes Mellitus; T2DM: Type 2 Diabetes Mellitus; Cll: Continuous insulin infusion; ICU: Intensive

Notes: Study scored for: *controlling confounding factors between/among groups; fcomparability between respondent and non-respondent group; ¥fsample size calculated. Newcastle-Ottawa Scale (NOS) for Cross-Sectional Studies was
care unit; K+: Potassium; JBDS: Joint British Diabetic Society; ECG: Electrocardiogram; DM: Diabetes Mellitus.

used for quality assessment, with the exception of '+' where NOS for cohort studies was used for Cohort Studies; refer to Figure 2 for Cochrane Risk of Bias.

Figure 2 Cochrane Risk of Bias for included clinical trials.
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Table 2 Measure and pH adjusted potassium level in the included studies grouped on the basis of region

Authors Region Patient | Reported Region- Admission Region- Calculated | Regional
number | K* level wise K* pH mean wise pH potassium calculated
mean level (SD/IQR) level K* mmol/
(SD/IQR) | mmol/L L
Rajasoorya et al* Far Eastern | 979 5.1 (11 49 (0.44) | 7.15(0.1¢) 7.15 (0.065) | 3.9 3.65 (0.38)
Chu et al¥’ Far Eastern 478 (1.0) 7.14 (0.25) 3.52
Lin et al®? Far Eastern 4.6 (1.0 7.13 (0.11) 3.28
Huri et al*® Far Eastern 5.22 (1.43) 7.22 (0.14) 4.22
Chua et al®? Far Eastern 5.5 (3.5-7.3) 7.02 (6.9-7.13) 3.52
Usman et al®® Far Eastern 43(1.2) 7.15 (0.16) 3.1
Kamata et al”® Far Eastern 52(1.2) 7.16 (0.14) 4.06
Balili et al”* Far Eastern 43 (1.0) 7.24 (0.13) 3.64
Jabbar et al®' Mid-Eastern | 586 49 (1.2) 44 (051) | 7.07 (0.11) 7.17 (0.023) | 3.22 3.34 (0.50)
Ersoz et al®® Mid-Eastern 48 (0.7) 7.16 (0.12) 3.76
Abela et al*® Mid-Eastern 3.4 (n/a) 7.19 (7.1-7.2) 24
Al-Rubeaan et al®' Mid-Eastern 45 (0.8) 7.20 (0.10) 3.6
Seth et al®® Mid-Eastern 4.5 (n/a) 7.23 (n/a) 3.83
Houshyar et al®’ Mid-Eastern 4.6 (0.6) 7.09 (0.15) 3.04
Kakusa et al’? Mid-Eastern 4.1 (1.8) 7.26 (0.15) 3.56
Semple et al*’ Mid-Western | 1995 53 (1.1 49 (0.31) | 7.07 (0.18) 7.12 (0.058) | 3.62 3.51 (0.28)
Keller et al®® Mid-Western 5.0 (1.3) 7.00 (0.20) 2.9
Asplin®’ Mid-Western 4.2 (1.0) 7.19 (0.13) 3.24
Singh et al*® Mid-Western 5.0 (3.5-8.0) 7.16 (6.57-7.32) 3.86
Wagner et al*’ Mid-Western 5.1 (0.9) 7.13 (0.13) 3.78
Sola et al** Mid-Western 4.9 (0.96) 7.12 (0.12) 3.52
Dhatariya et al”' Mid-Western 48 (1.0) 7.16 (0.15) 3.6
Guisado-Vasco etal®® | Mid-Western 4.76 (0.98) 7.16 (0.19) 3.62
Navarro-Diaz etal’® | Mid-Western 5.0 (3.3-8.0) 7.10 (6.4-7.3) 35
Assal et al** Far Western | 1554 5.6 (0.3) 5.1 (0.45) | 7.06 (0.03) 7.11 (0.052) | 3.86 3.62 (0.52)
Genuth® Far Western 5.1 (0.8) 7.12 (0.12) 3.72
Kitabchi et al* Far Western 5.6 (0.25) 7.14 (0.02) 434
Lutterman et al*' Far Western 5.3 (1.75) 6.93 (0.09) 2.78
Pfeifer et al*? Far Western 5.1 (1.0) 7.00 (0.12) 3
Sacks et al* Far Western 5.8 (0.3) 7.08 (0.05) 4.8
Owne et al** Far Western 42 (0.2) 7.28 (0.02) 3.78
Adrogue et al'® Far Western 5.7 (1.1) 7.06 (0.11) 3.96
(Continued)
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Table 2 (Continued).

Authors Region Patient | Reported Region- Admission Region- Calculated | Regional
number | K* level wise K* pH mean wise pH potassium calculated

mean level (SD/IQR) level K* mmol/
(SD/IQR) mmol/L L

Umpierrez and Far Western 5.4 (0.5) 7.12 (0.05) 4.02

Freire®®

Newton and Raskin®? | Far Western 4.7 (0.7) 7.23 (0.09) 3.98

Kitabchi®” Far Western 5.2 (0.25) 7.11 (0.03) 3.76

Lopes®’ Far Western 4.7 (1.6) 7.17 (0.18) 3.62

Robles®® Far Western 4.2 (0.9) 7.11 (0.15) 2.76

Weinert®? Far Western 4.9 (0.7) 7.17 (0.12) 3.82

Duhon®* Far Western 4.95 (nfa) 6.96 (n/a) 2.6

Azevedo®® Far Western 49 (1.5) 7.11 (0.15) 3.46

Talebi?' Far Western 5.0 (n/a) 7.19 (n/a) 4.04

Abbreviation: K+, potassium.

value of potassium was noted at 3.4 mmol/L,>® while the
maximum was 5.8 mmol/L*® On average, the potassium
level was 5.8 mmol/L. In a similar context, the least observed
pH was 6.93*" and the highest 7.28,** with an average pH
being 7.13. The level of potassium after adjusting against pH
ranged from 2.4-4.34 (Table 2), with an average of 3.56
mmol/L. The corresponding values for actual potassium
level and pH of mentioned values was 3.4 mmol/L. with a
pH of 7.19,°° and 5.6 with a pH of 7.14.* Thirteen included
studies38:39:4142:51.53.60.64,65.67.68.70

potassium to be equal or below 3.5 mmol/L when the patients

calculated the wvalue of

sought medical advice; out of these, only one study™® reported
the average actual potassium level to be lower than 3.5 mmol/
L. Upon distributing the countries on the basis of their region,
it was notable that the least potassium level was seen in mid-
Eastern countries (4.4 mmol/L); the minimum pH was
observed in the far-Western region (7.11); and the maximum
number of patient data originated from mid-Western countries
(patient number = 1,995). Nevertheless, a meta-analysis was
not performed as quantitative data was not sufficient for
further analysis.

Cardiovascular outcomes

Of a total of 10 studies’' 3338394531 discussing CV out-
comes, only four?'**3%3! reported potassium and pH, and
discussed CV outcomes concurrently (Table 3). Two ' of
the six remaining studies neither provided pH nor potassium
level in the report. The maximum number of patients reported

with CV disorder in any single study was 17, where abnormal
ECG was mentioned with recorded CV abnormality.>* In the
context of insulin, one death was reported secondary to an
increase in insulin.*® Interestingly, one study’ evaluated the
extent of hypokalemia in DKA and reported three deaths to
myocardial infarction (MI); however, none of the deaths were
attributed to hypokalemia. Only one study®> mentioned the
difference between the potassium level of alive and deceased
DKA patients.

Discussion

This is the first systematic review which aims to explore
CV events in patients of DKA in correlation with admis-
sion serum potassium vs pH-adjusted corrected potassium
level. Moreover, it is also an attempt to signify the impor-
tance of pH-adjusted corrected potassium level in the
diagnosis and management of DKA episode when
weighed against the risk of CV events during an episode.
In this regard, 45 studies reported admission potassium
level of DKA patients and the pH-adjusted corrected
potassium level was calculable for 41 studies only.
However, none of the studies reported a pH-adjusted cor-
rected potassium level and, hence, it was self-calculated to
find the difference between the two values. Similarly, as
for secondary outcome, 10 studies focused on the second-
ary outcome of a CV event in DKA, while none of the
studies correlated CV outcomes with either reported or pH-
adjusted corrected potassium level.
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The reported admission potassium level in current
review was 4.91 mmol/L. Contrary to significant loss of
potassium, DKA patients usually present with normal or
increased potassium level, which is an established phe-
nomenon and, hence, the observed value seems to be
well within the normal range.>'> Moreover, most of the
clinical guidelines do not suggest that potassium supple-
mentation shall be started once the value of serum
potassium is below 4.5 mmol/L*” Similarly, the mean
pH-adjusted corrected potassium level observed in the
current review was within the normal range of
potassium level as well (3.56 mmol/L), although this
value is borderline-low. However, such normo- or hyper-
kalemia was deceiving in nature as there were 13

9,41,42,51 4 .
38,39,41,42,51,53,56,60,64,65,67,68,70 which had a cor-

studies
rected potassium level below 3.5 mmol/L. Further
findings of the current review were in line with an
of the

pH-adjusted corrected potassium was

aforementioned hypothesis where, in five

studies, 38:41:56.60.64
as low to produce an adverse CV outcome resultant of
hypokalemia.'""'> When these studies were analyzed for
any reported CV event in correlation of potassium, only
three of the studies®®**"

were, however, not in specificity to hypokalemia. The

reported such events; the results

incidence of hypokalemia was very frequent in the study
reported by Keller et al,>® where 23% of DKA cases
experienced a low potassium level. However, it is not
mentioned whether the extent of hypokalemic episodes
was associated with any of the four cases of early CV
adverse outcomes or not; the authors also confirmed that
these fatalities were established cases of chronic CV dis-
ease. In another study with below-normal corrected potas-
sium level, Asplin et al did not provide any hint to the
extent of hypokalemia.>® Death was attributed to cardiac
arrest 3 hours post-admission due to pulmonary embolism;
however, the laboratory data of this patient seem insignif-
icant in correlation to pH-adjusted corrected potassium.
Similarly, the mean level of corrected potassium was cal-
culated to be 3.2 mmol/L in the study by Jabbar et al.”'
Strikingly, the mortality rate was 21%, out of which five
deaths were attributed to myocardial infarction (MI). No
further description of post-mortem reports was provided
and, hence, the link of potassium with these events
remains unknown. Beside the findings above, none of the
studies reported any findings related to the pH-adjusted
corrected potassium level.

None of the studies reported any findings related to
the pH-adjusted corrected potassium level and only one

reported CV outcomes of DKA with respect to
potassium.>® It is understandable that an initial report
that focused on clerking the files of DKA patients after
the discovery of insulin did not focus on the potassium at
all, despite adverse CV events being the reason for eight
deaths in uncomplicated DKA.?' This is because it was
Holler® who described the effect of insulin on potassium
during the treatment of DKA, which later became a part
of established protocols. The attempt by Cohen et al*>
reported a detailed description of DKA admissions. The
authors did report on the measured potassium level at the
time of admission and also concluded for a case that
hypokalemia might have been a reason for the death of
a patient from septicemia. Nevertheless, any correlation
between potassium level and pH was not used at the time
of diagnosis.

Treatment of DKA consists of three modalities and all
of these directly affect serum potassium level, ie, 1) volume
resuscitation causes dilution of serum potassium concentra-
tion, 2) correction of hyperglycemia via insulin helps cel-
lular re-entry of potassium, and 3) correction of acidosis
utilizing bicarbonate causes renal clearance of potassium.*’
Bicarbonate is a least recommended therapeutic interven-
tion, and a recent systematic review in this regard also did
not find benefits of bicarbonate in the resolution of DKA.”
Moreover, significance of potassium supplementation is
much required crucial when bicarbonate is given with insu-
lin. However, in the current review, there were four studies
that evaluated bicarbonate in the therapy of DKA; one each
by Assal et al,>* Duhon et al,** Keller et al,*® and Lutterman
et al.*' Apart from the pH-adjusted corrected potassium
level for a study conducted by Assal et al** (3.86 mmol/
L), the rest of the three studies had a very low level of
corrected potassium and was calculated to be 2.9, 2.78, and
2.6 mmol/L, respectively (Table 2). Such a low level of
actual potassium put the question of interest on CV profiles
of patients of these studies. Notably, only Keller et al*®
reported an indescribable lower CVP which was translated
as a complication of severe acidaemia and use of bicarbo-
nate; both of these factors independently cause cardiac
suppression and potassium excretion via diuresis. Neither
any finding related to CV impact of DKA nor corrected
potassium level has been reported in the rest of the studies.
This finding of the current systematic review once again
highlights the importance of adjustment of potassium with
respect to acidosis so that the impact of serum potassium on
CV outcomes can be dealt with in a way that further
improves patient related outcomes of DKA patients.

submit your manuscript

1334

Dove

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Usman et al

The extent of non-adherence to the treatment protocol
for the management of DKA is also a reason for hypoka-
lemic events.”® Abela et al>® reported that potassium was
given to the patients at a later stage of DKA resolution,
with the main reasons being lack of clear instructions or
secondary to not following the DKA management protocol
to analyze the blood for potassium concentration; impor-
tantly, the volume of potassium resuscitation was higher
and aggressive when initiated. In a similar report, a study
conducted by Dhatariya et al’' in the UK found that
hypokalemia was observed in most of the patients.
Additionally, non-adherence to the potassium management
protocol was the highest component of deviation from
treatment guidelines and observed in 20% of the cases.
Moreover, as high as 67% of patients observed a value of
potassium level below 4.0 mmol/L at least once during the
course of hospitalization. The authors emphasized the fact
that potassium replenishment, and not replacement, shall
be done aggressively and insulin shall be used to maneu-
ver the potassium level between 4.0-5.5 mmol/L. Singh
et al*® also reported similar findings when they audited the
implementation of DKA treatment guidelines in the UK.
In the context of adherence with the potassium resuscita-
tion, only 30% of the cases satisfied the recommended
standard of administration of potassium chloride of 70
mmol. Furthermore, 31% of the cases were found to
experience hypokalemic episode incidence which was
even higher when compared with events of hypoglycemia
(14%). In terms of adherence to DKA treatment guide-
lines, nearly the same results were reported by Sola et al>*
when only 20% of the cases satisfied the potassium resus-
citation criterion which resulted in a high incidence of
iatrogenic hypokalemia. In another study, Wong et al’
identify multiple entities during analyzing factors asso-
ciated with non-adherence of physicians with guidelines
and the event of hypokalemia. Among these were a failure
to prevent, to monitor, to diagnose, and to treat hypokale-
mia appropriately. The study also reported that delay in
initiating potassium resuscitation, inadequate amount of
potassium supplementation, infrequent monitoring of
potassium level, under-recognition on the hypokalemic
episode, and failure to withhold insulin were the key errors
which may cause an adverse event. Although the well
established guidelines strongly give recommendations
regarding potassium monitoring and supplementation in
DKA, none of these guidelines suggest using the
pH-adjusted corrected potassium level to initiate potassium
resuscitation or adjust the treatment plan.* ” And on top of

it, count to carry out the recommendations for potassium
resuscitation remains very low, regardless of time, whether

948343671 or near past.”® Even

it is observed in the distant
further, despite all the included studies in the current review
that were either depicting important parameters of DKA or
experimenting with its management to improve patient
oriented outcomes, not a single study demonstrated the
impact of potassium and acidosis on cardiovascular out-
comes in DKA patients, which remains an area to explore

further.

Conclusion

Potassium has an interesting outlook during the course of
DKA. Despite being an intracellular ion and most affected
entity throughout the development and resolution of DKA,
we find that it is given the least consideration in the
literature encompassing DKA. Given the extent of the
current review, none of the studies in our cohort mentioned
potassium in correlation with pH. It is also worthy to look
into under-utilization of pH to adjust and correct the level
of potassium during diagnosis and management of DKA,
despite DKA patients from almost 27% of the studies
experienced hypokalemia. Furthermore, most of the clin-
ical guidelines highlight the significance of potassium
of DKA.
However, the current review also suggests that the imple-

supplementation during the management
mentation for such supplementation is not carried out
effectively. This remains a strong recommendation for
healthcare professionals given that the cardiovascular out-
comes are not monitored in the context of potassium and
acidosis. Moreover, the features of hypokalemia are exten-
sively observable upon an incident; the reports do not
encompass potassium, pH and CV disorders simulta-
neously, which remains an unexplored area for reputable
diabetic associations worldwide.

Strengths and limitations

Current systematic review tends to include most of the
relevant scientific literature, which also encompassed the
literature considered weak in terms of authenticity, or
being lower in the grading of scientific criteria; hence,
the results, although genuine, may not reflect light on the
exact extent of the problem. Moreover, more than one
third of the literature included had low quality assessment
score, further weakening the suggestion provided via this
systematic review. In a similar context, unavailability of
the quantitative data did not allow for meta-analysis
where only one of the study fulfilled three objectives
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concurrently. Other than the literature quality, calculation

of pH from venous and arterial blood may significantly
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