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Introduction

Diabetes-related ketoacidosis (DKA\) is a life-threatening compli-
cation of diabetes which requires rapid assessment and treat-
ment." Although mortality has decreased over the years, DKA
still causes considerable morbidity and mortality amongst adults,
adolescents and children.? Existing quality improvement projects
(QIP) have demonstrated that use of evidence-based protocols
and order sets is able to improve outcomes associated with DKA
management.>* However, we did not find any studies demon-
strating sustainable improvements over a long period. People
presenting with DKA represent a considerable financial and re-
source burden.®> Reducing the duration of DKA would therefore
substantially reduce the disease and resource burden associated
with diabetes.

Aim

To improve the implementation of and adherence to the JBDS
guidelines for DKA management using a QIP and thereby to re-
duce the total duration of DKA in a sustainable manner.

Methods
This QIP was undertaken at Queen Elizabeth Hospital Birming-
ham (QEHB), a large tertiary care centre in the UK. It commenced
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in April 2014 and is still ongoing. All people diagnosed with DKA
from April 2014 to December 2020 were included in this report.
DKA was defined as blood glucose >11 mmol/L, pH <7.3 or
bicarbonate <15 mmol/L and ketonaemia >3 mmol/L.® Eugly-
caemic ketoacidosis was defined as those cases meeting all ex-
cept the glucose criteria for DKA with a diagnosis of diabetes.
Subgroup analysis by type of diabetes (type 1 [T1DM] or type 2
[T2DM]) was also undertaken; classification was based on the
clinical diagnosis documented in patient records. This study is
divided into three phases:

e Phase 1: April 2014-Sep 2016

e Phase 2: Oct 2016-March 2018

e Phase 3: April 2018-December 2020

Phase 1: April 2014-Sep 2016
We adopted the plan-do-study-act (PDSA) methodology. This
first phase was divided up into three distinct time periods:

April 2014 — September 2014: pre-intervention

In the pre-intervention phase, we audited DKA management in
our hospital to identify five primary drivers (fluid replacement,
fixed rate intravenous insulin infusion [FRIII], glucose measure-
ment, ketone measurement and specialist referral) that influence
outcome. We identified reduction in DKA duration by 50% as
the primary outcome.

October 2014 — March 2015: intervention

Five secondary drivers (developing a real time audit tool, auto-
matic referral to a specialist team, electronic surveillance of blood
gas results, education and redesigning of local [trust] guidelines,
and monthly feedback) influencing the DKA duration were in-
troduced as interventions to improve the primary drivers. Figure
1 explains the interplay between primary and secondary drivers.
In addition, feedback from junior doctors suggested that the cur-
rent hospital guideline for management of DKA was difficult to
follow and had ‘too many words’. (The trust had a 20-page
guideline document.) This was changed to a single page graph-
ical representation to facilitate easy access and reduce the time
spent in scanning the protocol. Digital versions were accessible
from the trust’s intranet page and printed versions of the revised
flowchart were displayed in emergency departments and acute
medical units where most DKA patients are managed. Figure 2
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Figure 1.

Process of identifying the primary and secondary drivers that influence outcome
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depicts the revamped single page DKA protocol based on end-
user feedback.

April 2015 — September 2016: follow-up period

During this period, we assessed the improvements in primary
drivers in comparison to the pre-intervention period. This work
was published in 2017.” We had shown that auditing DKA man-
agement against five simple criteria and feeding the results back
to frontline staff reduces DKA duration.

Phase 2: Oct 2016-March 2018

We studied the effect of not having feedback on DKA manage-
ment to the frontline teams, and demonstrated that the absence
of regular performance feedback (secondary drivers) was associ-
ated with a greater degree of deviation from treatment guidelines
and longer DKA duration. The detailed description of this period
is now published.®

Phase 3: April 2018-September 2020

The time spent collecting and analysing data resulted in a delay
between initiating an audit and disseminating the results: this
means that the feedback provided may then be out of date and
not applicable to current practice. To overcome this problem, the
department of diabetes at QEHB collaborated with the QEHB
health informatics team to design an automated system for au-
diting called 'Digital Evaluation of Ketosis and other Diabetes
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Emergencies’ (DEKODE). DEKODE identifies cases of DKA by de-
tecting FRIIl prescriptions on electronic medical records and ex-
tracts relevant data from the clinical databases patient informatics
consult service (PICS) and picture archiving and communication
system (PACS), including information regarding potassium, ke-
tone, pH and blood glucose monitoring and the prescription of
FRIIl and intravenous fluids (figure 3). To validate the data, all the
data obtained from DEKODE were compared to manually col-
lected data. Discrepancies between the manual and automated
data collected for FRIll adherence, hourly glucose and ketone
measurements were analysed. We also assessed whether there
was a difference in management of DKA between people with
T1DM and T2DM.

Measures

Data were collected regarding patient demographics, classifica-
tion of diabetes, precipitating causes of DKA and measurements
of biochemical and treatment parameters during the inpatient
stay. Guideline adherence for glucose monitoring, ketone moni-
toring, fluid prescription and fixed rate intravenous insulin infu-
sion prescription (FRIll) were defined as follows:

FRIN

The initial rate of intravenous insulin infusion and the patient’s
weight from the index admission, either estimated or manually
recorded, were recorded. Guideline adherence for FRIll was
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Figure 2. Updated DKA guidelines based on end-user feedback in 2017
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calculated based on the formula: (FRIlI rate of infusion/

(Weight/10))x100.

Fluids
The recommendation for fluid prescription during DKA is as
follows: 500ml bolus till systolic BP>90mmHg, then 1000ml over
1 hour, 1000ml over 2 hours with potassium replacement
(repeated twice), 1000ml over 4 hours with potassium replace-
ment (repeated twice), 1000ml over 6 hours with potassium
replacement until DKA resolves.® Additional potassium is titrated
according to the patient’s blood levels during replacement. The
total volume of fluids prescribed for the patient during the
duration of their DKA episode was noted. Guideline adherence
for fluids was determined by the following formulae:
For DKA duration up to Thour:
(Total volume of fluid in mI/1000ml) x100
For total DKA duration between 1 to 3 hours:
(Total volume of fluid in ml/2000ml) x100
For total DKA duration between 3 to 5 hours:
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(Total volume of fluid in mI/3000ml) x100
For total DKA duration between 5 to 9 hours:
(Total volume of fluid in ml/4000ml) x100
For total DKA duration between 9 to 13 hours:
(Total volume of fluid in ml/5000ml) x100
For total DKA duration between 13 to 19 hours:
(Total volume of fluid in ml/6000ml) x100
For total DKA duration between 19 to 25 hours:
(Total volume of fluid in ml/7000ml) x100
For total DKA duration between 25 to 31 hours:
(Total volume of fluid in mI/8000ml) x100
And for every 6 hours after, the denominator in the above for-
mula increases by 1000ml.

Glucose and ketones

The total number of glucose and ketone measurements from
the time of onset of DKA until resolution were recorded. Guide-
line adherence for glucose and ketones were defined as: (total
number of readings/DKA duration in hours) x100. Results were
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Figure 3. Flow chart depicting the automated DEKODE process of data retrieval from patient notes. PICS, Patient Informatics and
Consult Service, is an electronic noting system adapted at the Queen Elizabeth Hospital
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expressed as a percentage. Hypoglycaemia during DKA was
defined as any episode where blood glucose reading was <4
mmol/L during DKA duration.

Potassium

Total number of potassium recordings from the day of DKA
diagnosis until resolution were recorded. Hypokalaemia,
normokalaemia, and hyperkalaemia were defined as <3.5, 3.5
to 5.5 and >5.5 mmol/L respectively.

Duration of DKA

DKA duration (hours) was calculated as the time difference
between DKA diagnosis and DKA resolution (pH>7.3 and bicar-
bonate >15 mmol/L; and ketones < 0.6 mmol/L). Admission and
discharge date and time were recorded to enable calculation of
length of hospitalisation (days).

Analysis

Data were analysed using Stata/SE 16.1 for Mac. The Shapiro-
Wilk test was used to determine continuous data normality.
Continuous data are presented as mean and standard deviation
if normally distributed, and as median and interquartile range if
data were skewed. Categorical data are presented as frequency
and proportions. The x2 significance test, Wilcoxon rank-sum
test and independent t-test were used to analyse the differences
between variables, as appropriate. Statistical significance was
accepted at 95% confidence level (p<0.05).

Although the data would be more accurate statistically if pre-
sented in phases, we took into account many other factors that
influence the outcomes (e.g. junior doctor changeover, nursing
staff changes or other interventions which may have taken place
at the departmental level) and therefore represent the results in
yearly increments. More importantly, this type of graph was
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accepted as a better way to view data by the stakeholders during
our discussions over the years and therefore we decided to
express the graphs annually.

Ethical considerations

The QIP was approved as part of service improvement by the
department of information governance, University Hospitals
Birmingham NHS Foundation Trust (CARMS-12074).

Results

A total of 786 DKA episodes were identified for the study. Of
these, 18 were excluded due to issues with access to clinical data
or lack of clarity on diabetes classification. Thus, 768 episodes
(median age 38.2 years [IQR 23.8-56.8]; male: female 1:1.04)
were included in the final analysis; 583 (75.9%) had T1DM and
185 (24.1%) had T2DM. Of these episodes 216, 181 and 371
episodes were recorded in phase 1, 2 and 3, respectively. In com-
parison to the pre-intervention phase, a statistically significant
improvement in adherence for ketone monitoring, glucose mon-
itoring and fluids prescription was seen each year. No statistically
significant change was seen in adherence for FRIIl prescription
in any year, though FRIIl adherence was close to 100% at the
start. Despite this, dispersion of FRIIl prescription, ketone moni-
toring and glucose monitoring have improved over time with
our interventions. There was a slight reduction in adherence for
glucose monitoring, ketone monitoring and fluids prescription
in 2017; this was the time-period during which we ceased reg-
ular feedback to the frontline team. Nonetheless, adherence for
FRIIl prescription, glucose monitoring and fluids prescription have
shown an upward trend from 2017 to the present. In 2020,
adherence for glucose monitoring trended towards the opposite
axis, which may indicate an unnecessary use of resources
(figure 4).

135



QUALITY IMPROVEMENT WINNING PAPER

Figure 4. Describes guideline adherence for FRIll, fluid prescription, glucose monitoring and ketone monitoring. p-values compared
to 2014. #- 2014 data are from April to December. ##- 2020 data are from January to September. Values are expressed
in median and interquartile range. X axis represents years. Y axis represents adherence in percentage. More detailed
description of each adherence in main text. Numbers above the bar columns indicate the number of DKA episodes in
that year. Abbreviations: FRIII- Fixed Rate Intravenous Insulin infusion
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There was a significant reduction in the duration of DKA in each
year of our QIP in comparison to the 2014 pre-intervention year,
as shown in figure 5.

Subgroup analysis by TIDM and T2DM

Further subgroup analysis was undertaken to evaluate differ-
ences in DKA management between those with TIDM and
T2DM. Table 1 describes the baseline characteristics and out-
comes per year, with differences calculated between groups; no
statistically significant differences were seen in management
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between T1DM and T2DM, aside from adherence for ketones
in 2018 (T1DM median 47.2 [35.7 — 66.9]; T2DM median 24.4
[13.6 — 51.5]) and adherence for glucose prescription in 2020
(T1DM median 120.2 [99.3 — 145.7]; T2DM median 98.8 [86.4
—124.4]), p=0.0131). However, no statistically significant differ-
ence was seen between the groups overall.

Retrospective validation of DEKODE

Retrospective validation of DEKODE conducted between
September 2018 to August 2019 identified 150 episodes of
DKA, of which 147 were manually confirmed. No significant

THE BRITISH JOURNAL OF DIABETES
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Duration of DKA per year in hours. p-values
compared to 2014. #- 2014 data are from April to
December. ##- 2020 data are from January to
September. Values are expressed in median and
interquartile range. Numbers above the bar
columns indicate the number of DKA episodes in
that year. Abbreviations: DKA — diabetes-related
ketoacidosis.

Figure 5.
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difference between DEKODE and manual data was identified for
DKA duration (16.0 FRIIl adherence + 1.0 hours; 17.5 + 0.9
hours; p=ns), glucose (98.5% + 2.6%; 105.6% =+ 2.5%; p=ns),
ketone measurements (43.3% = 2.1%; 47.1% + 2.2%; p=ns)
and frequency of hyperkalaemia (7/147; 6/150; p= ns) and hy-
pokalaemia (9/147; 9/147; p=ns) between the two systems.
However, discrepancy was noted in the amount of fluids pre-
scribed, where the proportion recorded through automated col-
lection was higher than the manual entry (96.9% + 3.2%;
84.4% + 3.1%; p=0.0047).

Discussion

Regular feedback on key clinical parameters resulted in a sus-
tained reduction in DKA duration. With trends in our data in re-
lation to introduction of new guidelines and consideration of
existing evidence, the use of guidelines may be key to improving
service provision and thus DKA duration. It is vital to note that
the reduction in DKA duration is multifactorial with the influence
of factors like precipitating cause of DKA, time to diagnosis and
capabilities of the frontline team.

A point to note is some parameters appear to be more than
100% adherent. For example, for a person with a DKA duration
of 6 hours, the current national recommendation of hourly glu-
cose monitoring would yield 100% adherence for six recordings,
50% adherence for three readings and 200% adherence for 12
readings within six hours of DKA. However, this may not reflect
better performance. We should also note that the current na-
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tional recommendations are based on expert consensus, and we
do not have sufficient evidence to comment on the exact number
of measurements that would yield the best care for the patients
with DKA. In any case, we advise caution for the teams that have
more than 100% adherence so they can review their clinical prac-
tice and minimise resource wastage where appropriate.

Despite relatively short stays in hospital, costs for managing
episodes of DKA in adults are relatively high.>'° The usual pattern
of DKA management at our trust involves admission into the
acute medical unit, through the emergency department, where
patients are managed until resolution. The patients’ glucose and
ketones are monitored hourly and necessary changes in insulin
infusion and fluid replacement are made as per the trust’s guide-
lines which are in line with the national JBDS guidelines. Follow-
ing resolution, patients are either discharged from the acute
medical unit if they have already been reviewed by the diabetes
team or are transferred to a general medical ward where they
await further review from the diabetes team and a safe dis-
charge. Previously, we calculated the average cost for DKA man-
agement in 2015 was £14.10 per hour.” Therefore, assuming a
pragmatic model where healthcare delivery remained the same
throughout the study, DKA management from diagnosis to res-
olution in the acute medical unit cost £16,327 (number of DKA
episodes x median DKA duration in hours x hourly rates in AMU)
at the beginning of the project (April -September 2014). This re-
duced to £5537 (number of DKA episodes x median DKA dura-
tion in hours x hourly rates in AMU) at the end of the project
(October -December 2020). However, the cost has increased in
recent times and the difference may be larger than the calculated
savings. Also, the length of stay was not significantly reduced.
This is likely due to factors that influence discharge after resolu-
tion of DKA (for example, patient education, review of home sup-
port, dispensing of take-home therapies). While the calculated
savings are therefore hypothetical, the quicker resolution helps
free up acute medical beds for other ill patients. Freeing up beds
for other patients who are acutely unwell could improve adher-
ence to targets in A&E.

Conclusion

A significant reduction in DKA duration can be achieved through
identification of primary drivers for change and development of
secondary driver interventions. Regular audit cycles and feedback
are vital to ensure that these improvements in DKA management
are sustained. Our reliable automated auditing systems have
been able to reduce the time taken from data collection to anal-
ysis and have been able to provide real-time performance feed-
back. It is likely that this QIP can be implemented across multiple
hospitals to improve DKA management nationally.
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Table 1 Baseline characteristics, DKA duration and measures of primary drivers. The results are expressed in median (IQR) where
appropriate. P values, describing comparison with 2014 pre-intervention year, were calculated using Wilcoxon sum-rank for
non-parametric data. Statistical significance set at p<0.05. *=p<0.05 compared to 2014. Abbreviations: IQR-Interquartile
range; DKA — diabetes-related ketoacidosis, FRIII — fixed rate intravenous insulin infusion; T1DM — type 1 diabetes mellitus.
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