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Key Messages

o Implementation of a preprinted protocol for the management of diabetic ketoacidosis, supported by ongoing user feedback and
continuous revisions, resulted in standardized best practices and improved outcomes for care of people with diabetic ketoacidosis.

e A strong implementation plan and ongoing support for end-users were critical for the successful uptake of the diabetic ketoacidosis
protocol.

ARTICLE INFO ABSTRACT

Article history:
Received 23 March 2018
Received in revised form
9 August 2018
Accepted 10 August 2018

Keywords:

diabetic ketoacidosis
implementation
order set

protocol

quality improvement

Objectives: Diabetic ketoacidosis (DKA) is associated with significant morbidity and mortality. Using
standardized protocols for DKA management improves outcomes and is recommended in Diabetes
Canada’s clinical practice guidelines. Audits of DKA care at our institution revealed inconsistent man-
agement. We developed, piloted and evaluated a standardized DKA protocol adapted into preprinted
order sets for use in the emergency department and the acute monitoring area.
Methods: The protocol was developed by an expert committee on the basis of Diabetes Canada’s clinical
practice guidelines, a literature review and an environmental survey. A before-and-after analysis was
used. Uptake of the DKA protocol and clinical outcomes were monitored through statistical process
control.
Results: Patients admitted postprotocol (n=>55, mean age 37.9 years [SD 17.5 years], 62% male, 85% type 1
diabetes) were compared to those admitted preprotocol (n=55, mean age 43.3 years [SD 17.5 years], 53%
male, 67.2% type 1 diabetes). Postimplementation, 87% of patients were managed according to the
protocol. Postprotocol ordering of appropriate laboratory investigations increased, appropriate intrave-
nous (IV) fluid resuscitation improved, continuation of IV insulin until anion gap closure increased, mean
time to anion gap closure decreased and mean length of stay was reduced. Of those surveyed, 85% of
nurses and 74% of physicians felt that the protocol improved patient care, and 75% of patients rated their
DKA management as being satisfactory.
Conclusions: Successful implementation of a standardized preprinted protocol for DKA management
significantly improved best practices for DKA management and was valued by treating clinicians.
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RESUME

Objectifs : L'acidocétose diabétique (ACD) est associée a une morbidité et a une mortalité importantes.
L'utilisation de protocoles normalisés de prise en charge de I'ACD améliore les résultats cliniques et est
recommandée par les lignes directrices de la pratique clinique de Diabéte Canada. Les audits de soins de
I’ACD de notre établissement ont révélé des incohérences dans la prise en charge. Nous avons élaboré,
piloté et évalué un protocole normalisé de prise en charge de I'ACD adaptable aux modéles d’ordon-
nances préimprimées qui peut étre utilisé au service des urgences et a I'unité de surveillance des patients
en phase aigué.

Méthodes : Un comité d’experts a élaboré le protocole en se basant sur les lignes directrices de la pratique
clinique de Diabéte Canada, une revue de littérature et une étude de I'environnement. Une analyse avant-
aprés a été utilisée. L'utilisation du protocole de I'ACD et les résultats cliniques ont été surveillés par
controle statistique du processus.

Résultats : Nous avons comparé les patients admis aprés le protocole (n=>55, 4ge moyen de 37,9 ans [ET de
17,5 ans], 62 % d’hommes, 85 % de diabéte de type 1) aux patients admis avant le protocole (n=>55, age
moyen de 43,3 ans [ET de 17,5 ans], 53 % d’hommes, 67,2 % de diabéte de type 1). Aprés la mise en ccuvre,
87 % des patients ont été pris en charge en fonction du protocole. Le nombre d’ordonnances d’analyses de
laboratoire appropriées apreés le protocole a augmenté, la réanimation liquidienne par voie IV appropriée
s’est améliorée, le maintien de I'insuline par IV jusqu'a la fermeture du trou anionique a augmenté, le
temps moyen avant la fermeture du trou anionique a diminué et la durée moyenne du séjour a été
raccourcie. Parmi les répondants, 85 % des infirmiéres et 74 % des médecins ont reconnu que le protocole
améliorait les soins aux patients, et 75 % des patients ont jugé que leur prise en charge de I'ACD était
satisfaisante.

Conclusions : La réussite de la mise en ceuvre d’un protocole normalisé préimprimé de prise en charge de
I'ACD a favorisé de maniére significative de meilleures pratiques de prise en charge de I'ACD et était

appréciée par les cliniciens traitants.

© 2018 Canadian Diabetes Association.

Introduction

Diabetic ketoacidosis (DKA) is a life-threatening metabolic
complication of diabetes mellitus that is associated with significant
morbidity and mortality (1). In Canada, it results in 5,000 to 10,000
hospitalizations annually and carries a mortality rate of 4% to 10%
(1).

Over the past decade, several studies have demonstrated the
benefits of using protocols and clinical pathways to standardize and
improve outcomes in DKA management (2—4). As such, their use
has been recommended as the preferred method of care delivery
for people with DKA (2,5). However, the presence of guidelines
alone may not be adequate to ensure optimal care (6). An audit of
the Joint British Diabetes Society consensus guideline for DKA
management indicated that although adherence to guidelines was
high for initial DKA management, later management and moni-
toring were insufficient, resulting in high rates of hypokalemia and
hypoglycemia (7).

A review of DKA management at our institution revealed in-
consistencies in DKA treatment. Of 24 DKA cases reviewed in 2013,
only 54% received appropriate fluid resuscitation, 79% had IV in-
sulin continued to the closure of the anion gap, and 67% received all
of the recommended laboratory investigations. A quality-
improvement initiative was undertaken. The objective was to
develop, implement and evaluate an evidenced-based protocol
adapted into preprinted order sets for the management of DKA. We
aimed to achieve 80% compliance with the DKA protocol in our
institution by June 2016 and hypothesized that outcomes would
improve with protocol use.

Methods
Study setting and participants

The Ottawa Hospital is a multicentre, bilingual academic
teaching hospital in Ottawa, Ontario. There are 1,122 beds and
172,445 emergency room visits per year. Patients with DKA are
admitted through the emergency room and managed in the acute
monitoring area of the internal medicine ward or the intensive care

unit (ICU), depending on severity of presentation at the 2 inpatient
campuses, the Civic Campus and the General Campus. Paper orders
are written by physicians and are then incorporated into the paper
and electronic medical records.

Consecutively admitted patients with DKA were identified over 2
time periods: September 2013 to March 2014 (preintervention) and
September 2015 to June 2016 (postintervention). The diagnosis of
DKA required the presence of metabolic acidosis (pH <7.3), an
elevated anion gap greater than 12 and positive serum ketones. Only
patients with DKA management initiated at our centre were included.

Intervention development and implementation

The development and implementation phase of the protocol
was based on the Ottawa Model of Research Utilization, a frame-
work for adopting innovations that involves 6 steps: setting the
stage, assessing barriers and facilitators, selecting and monitoring
knowledge translation strategies, monitoring the adoption and
evaluating the outcomes (8) and using the Institute for Health Care
Improvement Model for Improvement. A multidisciplinary expert
committee consisting of key stakeholders in internal medicine,
emergency medicine, endocrinology, nursing and pharmacy
developed a protocol based on a literature review, the 2013 Dia-
betes Canada clinical practice guidelines for DKA management,
consensus expert opinion and stakeholder feedback. The protocol
was adapted into 2 standardized preprinted order sets
(Supplementary Figure 1) for use in the emergency room, the ICU or
acute monitoring area. End-user feedback resulted in modifications
to the protocol to clarify potassium replacement orders, adjust the
insulin-infusion protocol and automatically notify the doctor for
reassessment if pH and the anion gap remained abnormal
(Supplementary Figure 2).

An implementation strategy was used; it included stakeholder
engagement, discipline-specific education sessions and an analysis
of barriers to and facilitators of uptake specific to local areas. The
education intervention was designed by a multidisciplinary com-
mittee composed of an endocrinologist, general internist, advanced
practice nurse and resident physician. Discipline-specific, case-
based workshops targeted to physicians, resident physicians,
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Table1
Clinical outcomes of the preimplementation and postimplementation groups

Parameter Preimplementation Postimplementation p value
Proportion with appropriate fluid management 33.3% 93% <0.01
Proportion with appropriate laboratory investigations 60.0% 91.0% <0.01
Proportion with intravenous insulin continued until anion gap closure 76.0% 100% <0.01
Mean time (hours) to anion gap closure 10.5 6.0 <0.01
Proportion with hypokalemia 18.1% 5.4% 0.04
Proportion with hypoglycemia 3.6% 0% 0.15

nurses and clerical staff delivered by opinion leaders were con-
ducted 2 months prior to implementation. Feedback was obtained
from protocol users through questionnaires and through direct
communications e-mailed to project leaders.

E-mail reminders to use the protocol occurred when clerical or
nursing staff noted that the protocol was not used. Nonadopters
were approached to discuss their barriers to implementation, and
coaching was provided as needed.

Data collection

A trained data extractor (MM) abstracted data concerning pa-
tient demographics, medical histories, diabetes type and duration,
biochemical parameters, medication use, capillary blood glucose
measurements, insulin and fluid ordered, fluid received and pre-
cipitants of DKA. Protocol use was collected and reviewed monthly.

Outcome measures

Table 1 outlines the clinical outcomes evaluated. Process mea-
sures and balance measures were also evaluated. A target of 80% of
all DKA orders written on the new DKA order forms was estab-
lished. This goal recognized that a small proportion of patients
would require unique treatment regimens that were not easily
supported by the form.

Analysis

Descriptive statistics were used to depict the baseline charac-
teristics of patients. Nominal data were analyzed using chi-square
tests, and continuous data were analyzed using independent t
tests. An alpha <0.05 was considered statistically significant.

A before-and-after analysis was used to evaluate the effect of a
hospitalwide implementation of a paper-based, preprinted DKA
protocol on clinical outcomes and processes of care. Uptake of the
DKA protocol and clinical outcomes was monitored post-
implementation by the use of statistical process control through
the development and use of Shewhart charts to track the progress
and stability of process change.

Microsoft Excel and QI macros were used to analyze the data.

Patient and caregiver satisfaction

The first 25 patients in the postprotocol group were contacted
by telephone following their discharge and were asked to complete
a satisfaction survey about the management of their DKA. Nurses
and physicians provided feedback through an electronic survey
during protocol implementation.

Ethics review

The protocol was reviewed by the Ottawa Hospital Research
Ethics Board.

Results

A total of 110 DKA admissions (55 preintervention and 55 post-
intervention) were evaluated. Male patients accounted for 52% of

the preintervention and 62% of the postintervention populations.
Most patients had histories of type 1 diabetes (67% preintervention
and 85% postintervention). The most common precipitants of DKA
were infections and insulin omission. Mean admission glucose levels
were significantly higher (35+15.8 mmol/L vs. 28.84+13.9 mmol/L;
p=0.03) and mean admission pH levels were significantly lower
(712+0.17 vs. 7194+0.14; p=0.01) in the preintervention group.
There was no difference between the preintervention and post-
intervention groups as to the setting (ICU vs. ward) where the
protocol was used. One patient in each group was managed in the
ICU, while the remainder were managed on the ward.

Process outcomes

Postimplementation, 87% of patients admitted with DKA were
managed according to the protocol (Figure 1). Prior to imple-
mentation, 100% of endocrinology residents, attending endocri-
nologists, internal medicine trainees and attending internists, and
85% of nursing staff were trained in the DKA protocol. In total, 125
attending physicians (80 emergency physicians, 25 general in-
ternists and 20 endocrinologists) and 141 resident physicians (85
internal medicine, 6 endocrinology and 50 emergency medicine
trainees) were trained in the protocol. Approximately 300 nurses
(230 emergency room nurses and 70 acute monitoring area nurses)
received training. Training for physicians involved teaching ses-
sions at departmental meetings, quality meetings, academic half-
days and rounds. An e-mail communication of the protocol with
instructions was sent to all involved physicians and residents.

Nurses were educated through presentations at orientation,
lunch and learns, in-services, education updates and e-mailing of
the protocol with instructions. An e-mail reminder to users
occurred 5 months after implementation when protocol use
dropped (Figure 1). When use of the protocol dropped again at 7
and 8 months postimplementation, project leaders contacted
resident physicians who were noted to be failing to use the pro-
tocol. Feedback was obtained about barriers to using the form, and
targeted support and education were provided.

Clinical outcomes

Clinical variables improved significantly (Table 1) (Supplementary
Figure 3). There were 2 patients in the preprotocol group who
developed hypoglycemia (serum glucose <4 mmol/L) and none in the
postprotocol group. Hypokalemia (K™ <3.3 mmol/L) was significantly
higher in the preprotocol group. No patients in either group had
serious complications such as shock or thrombosis.

Balance outcomes

Consultation requests to the endocrinology service and diabetes
nurse specialists increased by approximately 30% with imple-
mentation of the protocol. The average length of stay decreased
from 4.4 to 3.0 days. During the same time period, the average
length of stay for acute admissions to general medicine services
without diagnoses of diabetes decreased by 0.7 days, and length of
stay for patients with diabetes admitted to general medical services
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Figure 1. Protocol uptake. DKA, diabetic ketoacidosis.

decreased by 0.4 days. Of the patients, 75% rated the management
of their DKA under the protocol as being satisfactory. The main
patient concerns included the frequency of blood work and pain
with intravenous insertions. Of the nurses and physicians who
were surveyed, 85% and 74%, respectively, felt that the protocol
improved patient care.

Discussion

We successfully designed and implemented a standardized,
evidence-based protocol for DKA management at a multicampus
tertiary care centre that led to safer practices and standardized care
regardless of the treating physician’s knowledge of or experience
with DKA management. Clinical outcomes improved without an
increase in either hypoglycemia or hypokalemia. The order set was
highly supported by treating clinicians, and its use was associated
with good patient satisfaction.

Because of the recognized need to improve DKA management,
national guidelines have advocated the use of treatment protocols
(2). Numerous studies have shown that treatment protocols
improve outcomes in hyperglycemic emergencies (9,10). Similar to
our findings, those of Bull et al (2007) showed that protocol
implementation was associated with a decreased length of stay and
a shorter time to anion gap closure without increased hypoglyce-
mia or hypokalemia (10). Hara et al (2013) examined the effects of a
mandatory protocol for DKA management in an academic medical
centre and found that protocol use led to a shorter time to reso-
lution of acidosis, a decrease in length of stay and no difference in
hypoglycemia rates (11). Laliberte et al (2017) also found
improvement in compliance with DKA guidelines when a DKA or-
der set was used; however, they experienced a higher rate of hy-
poglycemia in the protocol group (12). In contrast to our protocol,
which contained a detailed, dynamic insulin dosing scale that did
not require physician verification for dosage changes, their protocol
had limited suggestions for insulin infusion changes that required
physician verification, which may have resulted in delays in
changing insulin dosages.

In order for the benefits of a protocol to be realized, it must be
used. Evans et al (2014) found improvement in best practices DKA
management through the implementation of a DKA protocol but
only for those treated with full fidelity to the DKA protocol (13). A

strength of our study is the high rate of usage of our protocol in our
institution, a rate that contrasts with that of most published DKA
protocols.

Optimal implementation requires a robust knowledge-
translation strategy, ongoing stakeholder involvement, use of
champions and tailoring of the intervention to local barriers and
facilitators (8,14—16). Our protocol was developed by using a
multidisciplinary approach that relied on key evidence and a strong
implementation plan. The use of the Ottawa Model of Research
Utilization was helpful in providing a framework for assessing the
barriers to and supports for implementation, and it promoted early
engagement of the opinion leaders, key stakeholders and adopters
(8). The model also promoted real-time monitoring of the inter-
vention with frequent audits and feedback on protocol use. This
was one of the most important factors in promoting the confidence
and engagement of end-users of the protocol.

Features of the protocol itself may also have contributed to
uptake because it facilitated the management of DKA for treating
physicians. Suggestions for alternative fluid replacement regimens
for patients with heart failure and end-stage renal disease,
potassium-replacement recommendations and dosing adjustments
to insulin rates based on dynamic insulin dosing scales provided
the treating clinicians with easily accessible evidence-based treat-
ment recommendations.

Consultations with the Endocrinology Service and the Diabetes
Nurse Specialist service increased with the use of our protocol, an
effect that has also been found in other studies (17). The increased
rate of consultations with nurse specialists may be beneficial for
improved long-term patient outcomes because the specialists’
involvement in DKA management has been shown to lower read-
mission rates through increased education and more frequent
follow ups (18,19).

A major barrier to adoption of the protocol was the concern that
use of a standardized order set could have a negative effect on the
education of medical trainees. It was perceived that less active
decision making is required when using a standardized form. In a
prospective cohort study that assessed education outcomes in
medical students who used manual order writing compared to a
standardized order set, there was no difference in total scores
between students who used the order set vs. those who did not
(20). Although education outcomes were not formally assessed in
our study, the anecdotal feedback from attending physicians
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concerning their perception of the educational impact of the form
was positive.

Limitations of the study include the retrospective nature of the
chart review and the relatively small sample size. Some data may
have been missing during the chart review due to inconsistent
documentation. Patients in the preprotocol group seemed to have
more severe DKA. However, the differences were clinically small.
Finally, the intervention may have been prone to the Hawthorne
effect; however, most corporate interventions to improve glycemic
control were already in place during the baseline chart review and
did not change during the protocol’s implementation.

Conclusions

We demonstrated that implementation of a preprinted protocol
for DKA management supported by ongoing user feedback and
continuous revisions resulted in standardized best practices, facil-
itated improved outcomes for patients with DKA and was strongly
supported by treating practitioners. A strong implementation plan
and ongoing support for end-users was critical for the successful
uptake. This approach may be useful for other hospitals with
similar structures for DKA management.

Supplementary Material

To access the supplementary material accompanying this article,
visit the online version of the Canadian Journal of Diabetes at
www.canadianjournalofdiabetes.com.

Acknowledgments

The authors thank Joanne Colas, Performance Management, the
Ottawa Hospital, for data extraction.

Author Disclosures
Conflicts of interest: none.
Author Contributions

Dr. Janine Malcolm lead the conception and design of the study,
analyzed the data, wrote and revised the article, and performed the
literature search. Dr. Medina Mohamed collected the data, helped
with data interpretation, wrote and edited the manuscript. Dr.
Angela Assal was involved in the conception and design and
reviewed and edited the manuscript. Dr. Alan Karovitch was
involved in the conception and design and reviewed and edited the
manuscript. Dr. Loree Boyle was involved in the conception and

design, the interpretation of the data, and reviewed and edited the
manuscript. Dr. Edmond Kwok was involved in the conception and
design of the study, the data interpretation, and edited and
reviewed the manuscript.

References

1. Chiasson JL, Aris-Jilwan N, Belanger R, et al. Diagnosis and treatment of diabetic
ketoacidosis and the hyperglycemic hyperosmolar state. CMA] 2003;168:
885—6.

2. Goguen ], Gilbert J, Canadian Diabetes Association. 2013 Clinical Practice
Guidelines for the Prevention and Management of Diabetes in Canada: Hy-
perglycemic emergencies in adults. Can ] Diabetes 2013;37(Suppl. 1):S72—6.

3. Thuzar M, Malabu U, Tisdell B, et al. Use of a standardized diabetic ketoacidosis
management protocol improved clinical outcomes. Diabetes Res Clin Pract
2014;104:e8—11.

4. Waller SL, Delaney S, Strachan MW. Does an integrated care pathway enhance
the management of diabetic ketoacidosis? Diabet Med 2007;24:359—63.

5. Kitabchi AE, Umpierrez GE, Murphy MB, Kreisberg RA. Hyperglycemic crises in
adult patients with diabetes: A consensus statement from the American Dia-
betes Association. Diabetes Care 2006;29:2739—48.

6. Barth ], Misra S, Aakre K, et al. Why are clinical practice guidelines not fol-
lowed? Clin Chem Lab Med 2016;54:1133-9.

7. Castro W, Htike Z, Turner L, Higgins K. Management of diabetic ketoacidosis
following implementation of the JBDS guidelines: Where are we and where
should we go? Br ] Diabetes Vasc Dis 2015;15:11—6.

8. Graham ID, Logan ]. Innovations in knowledge transfer and continuity of care.
Can ] Nurs Res 2004;36:89—103.

9. Beik N, Anger KE, Forni AA, Bawa K, Szumita PM. Evaluation of an institution-
wide guideline for hyperglycemic emergencies at a tertiary academic medical
center. Ann Pharmacother 2013;47:1260—5.

10. Bull SV, Douglas IS, Foster M, Albert RK. Mandatory protocol for treating adult
patients with diabetic ketoacidosis decreases intensive care unit and hospital
lengths of stay: Results of a nonrandomized trial. Crit Care Med 2007;35:41—6.

11. Hara JS, Rahbar AJ, Jeffres MN, Izuora KE. Impact of a hyperglycemic crises
protocol. Endocr Pract 2013;19:953—62.

12. Laliberte B, Yeung SYA, Gonzales JP. Impact of diabetic ketoacidosis manage-
ment in the medical intensive care unit after order set implementation. Int ]
Pharm Pract 2017;25:238—43.

13. Evans K], Thompson J, Spratt SE, Lien LF, Vorderstrasse A. The implementation
and evaluation of an evidence-based protocol to treat diabetic ketoacidosis: A
quality improvement study. Adv Emerg Nurs ] 2014;36:189—98.

14. Yu CH, Sun XH, Nisenbaum R, Halapy H. Insulin order sets improve glycemic
control and process of care. Am ] Med 2012;12:922—8.

15. Singh RK, Perros P, Frier BM. Hospital management of diabetic ketoacidosis:
Are clinical guidelines implemented effectively? Diabet Med 1997;14:482—6.

16. Gurses AP, Seidl KL, Vaidya V, et al. Systems ambiguity and guideline compli-
ance: A qualitative study of how intensive care units follow evidence-based
guidelines to reduce healthcare-associated infections. Qual Saf Health Care
2008;17:351-9.

17. Ilag LL, Kronick S, Ernst RD, et al. Impact of a critical pathway on inpatient
management of diabetic ketoacidosis. Diabetes Res Clin Pract 2003;62:23—32.

18. Devalia B. Adherance to protocol during the acute management of diabetic
ketoacidosis: Would specialist involvement lead to better outcomes? Int ] Clin
Pract 2010;64:1580—2.

19. Levetan CS, Passaro MD, Jablonski KA, Ratner RA. Effect of physician specialty
on outcomes in diabetic ketoacidosis. Diabetes Care 1999;22:1790—5.

20. Lee Y, Mourad O, Panisko D, Sargeant R, Cavalcanti RB. Evaluation of stan-
dardized doctor’s orders as an educational tool for undergraduate medial
students: A prospective cohort study. BMD Med Ed 2013;13:97.


http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0010
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0010
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0010
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0010
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0015
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0015
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0015
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0015
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0020
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0020
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0020
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0020
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0025
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0025
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0025
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0030
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0030
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0030
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0030
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0035
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0035
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0035
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0040
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0040
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0040
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0040
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0045
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0045
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0045
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0050
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0050
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0050
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0050
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0055
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0055
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0055
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0055
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0060
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0060
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0060
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0065
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0065
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0065
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0065
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0070
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0070
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0070
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0070
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0075
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0075
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0075
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0080
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0080
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0080
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0085
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0085
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0085
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0085
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0085
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0090
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0090
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0090
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0095
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0095
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0095
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0095
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0100
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0100
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0100
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0105
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0105
http://refhub.elsevier.com/S1499-2671(18)30108-4/sr0105
www.canadianjournalofdiabetes.com

M. Mohamed et al. / Can ] Diabetes 43 (2019) 256—260

Supplementary Material

260.e1

The Ottawa | L'Hdpital The Ottawa | L'Hdpital
5} o | doom  PHYSICIAN'S ORDERS r,) o |dotm  PHYSICIAN'S ORDERS
Emergency Department Emergency Department
Medication Allergies/Reactions Substances or Food Allergies/Reactions Medication Allergies/Reactions Substances or Food Allergies/Reactions
Q None known Q None known Q None known Q None known
Diabetic Ketoacidosis (DKA) Protocol — Emergency Init Diabetic Ketoacidosis (DKA) Insulin Infusion Protocol
S T i Instructions to Physician . Patient welght: g
Inclusion Criteria (need at least 2 features): autions: o Start insyli infusi i i i i i i
 lucos geterhan o qual o 14 mmolL (ote:gucse may be noml in DK Madiicatonsmay b equied o e doses || Startinsulin regular IV infusion at units/h (MD to calculate starting dose, usual starting dose is 0.1 units/kg/h) once potassium is
—pH less than or equal to 7.3 and/ or rates on this form if the patient has: reate than or equalto 3.3 mmal/L
— Serum bicabonat less than 22 mmol/L. Z Renal e || * InER, AMA or General Medicine Ward mix 50 unitsregular insulf in 250 mL NS (0.2 uits/mL)
— Anion gap greater than 12 mmol/L — Heart failure |___| * Discontinue SC insulin
— Positive serum beta-hydroxybutyrate or urinary ketones — Age greater than 75 years || © If patient is wearing an insulin pump, discontinue pump
Init. Non-Medication Init. IV and Medication (Medication, dose, route, frequency) Insuli Infusion Adjustment:
|| Patient Weight: — kg | | @ establish 2103 peripheral V lings || 1. Target range for blood glucose is 12-14 mmol/L.
|| 2. Insulin infusion rate not to exceed 10 units/hour without notifying MD.
Diabetes Type: Fluid Resuscitation (no KCI added) (caution in heart failure and renal failure): I POCT gth unti lvelsi i
0+ 02 Quioomn Ater initial NS bolus (1-2 L), the recommended rate of NS is 500 mL/h x 4 hours followed by (| & et ios g|l.JCO.S oY O.C g hy n1|I.2 .gluco.se m'.s 00 B
— NS 250 mL/h x 4 hours. || 4. Resume q1h monitoring any time the insulin infusion rate is changed.
Monitoring: || QNS bolus L over minutes then, || 5. Document POCT blood glucose results on NUR 133.
L@ Resus/Emergent bed || CINS V500 mL/h x 4 hours then,
I L QINSIV250mL/h x 4 hours Blood Glucose (mmol/L) Insulin Infusion Adjustment
m,g;“";'h oR || O Maintenance fids:
1@ A'msr:w ns /Ou‘: q; — | Qoter * If glucose less than 4 mmol/L give 50 mL of DSOW IV over 5 minutes
] || & when blood glucose less than 14 mmol/L, start DSW at 100 mL/h (give in addition to flvid replacement Less than 4 mmol /L * Decrease insulin infusion rate by 50%, call MD and recheck blood glucose in 15 minutes
Diet: if fluid resuscitation not complete) * Ensure D5W IV infusion running
| @ Potassium (use separale IV lin or y-sit into above fluids): . —
" s Iniiae potassium replacement when K less than 5.5 mmol/L. Decrease insulin infusion rate by 50%
Initial Lab Investigations: Start aftr first litre of NS. 4-11.9mmol/L « Call MD to reassess IV fluids and insulin
%’"d - — - * Ensure DBW IV infusion running
|| @ICBC, Na,K, CI, CO,, Mg, Ca, PO,, Recommendations (caution in renal failure):
Albumin, anion gap, crealinine, urea, K5.5 mmol/L or greater: No replacement . i infusi
HbAte, CK, TNI Kadto54mmol/l: NS with 20 mmol/L KCIIV 12-14 mmal/L (target) Continue |nsu|!n |n.lusmn a.! current rate
|| @Venous blood ges, serum osmolly, K33to40mmol/L: NS with 40 mmol/L KCIIV + Ensure DSW IV infusion running
serum beta-hydroxybulyrate Kless than 3.3 mmol/L: KCI 10 mmol IV over 30 minutes 2 and do not start IV insulin infusion, repeat
|| OBlood C+Sx2 serum potassium post-infusion of KCI 14116 mmal/L * If blood glucose is less than the previous test, no rate change
: * If blood glucose is the same or greater than the previous test, increase the rate by 0.5 units/hour
Urine: Initial Potassium Orders (choose one of the following options):
|| &Rem, C+S L QIKCI 10 mmol IV x — (each 10 mmol of KCI to be infused over a minimum of 30 minutes) 16.1-18 mmol/L * If blood glucose is less than the previous test, no rate change
|| O beta-hCG (it feme) | QNS wilh 20 mmol/LKClal —_mL/h ) * Ifblood glucose is the same or greater than the previous test, increase the rate by 1 unit/hour
L1 CINS wilh 40 mmol/L KC! at mi/h
o 'E'E“'E“'“‘ ] gome" — - — * Increase infusion fee by 2 uits/hour
— & Chestrra || ¥ Call Physician if po_Lassnum less than 3.5 mmel_/L o gfea_ler than 5 r|_1mo|/L with subsequent blouﬂ_wurk & * If blood glucose is greater than 18.1 mmol/L for 3 consecutive q1h tests, call MD to reevaluate insulin infusion rate
1 ¥ |4 Subsequent potassium replacement should be individualized according to patient response and written
Ongoing Investigations: asanew physican's oer Greater than 20 mmol/L * Increase infusion rate by 3 units/hour and call MD
| @ Blood glucase by POCT q1h Analgesia:
| N, K,Cl, CO; anion gap; || O Acetaminophen 325-650 mg PO q4n pn * When changing patient from IV insulin to SC insulin, discontinue IV insulin 2 hours after the first dose of long-acting/premix SC insulin
Venous blood gas: Qqth Qg2n - has been administered or 2 hours after SC insulin pump has been restarted.
iemetics:
O Oter || O Ondansetron 4-8 mg PO/ qgh pin * Physicians to use SPO 215 when ready to change to SC insulin. If not on an insulin pump, a basal insulin is required for Type 1 diabetes and Type 2
|| Q2 Dimenhydrinate 25-50 mg PO/IV g4h pm diabetes on insulin at home.
Date (yy/mvdd) Time Physician (printed) Signature (Physician) Date (yy/mm/dd) Time Physician (printed) Signature (Physician)
Dale (noled) Time Processed by Signature (Nurse) Date (noted) Time Processed by Signature (Nurse)
SPO 355 A (REV 04/2017) ER 1-Chart 2-Pharmacy 3-Nursing SPO 355 A (REV 04/2017) ER 1-Chart 2-Pharmacy 3-Nursing

Supplementary Figure 1. Preprinted order set for diabetic ketoacidosis for use in the emergency room of a multicampus tertiary care center.
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Cycle 3A: Adjusted orders
implemented

Cycle 2C: Orders modified based on
feedback to address minimum and
maximum |V insulin rates

Cycle 2B: Adjusted orders implemented

Cycle 2A: Modified orders to address potassium and fluid management
changes based on feedback

Cycle 1C: Protocol Piloted

Cycle 1B: Barriers identified and changes made to protocol

Cycle 1A: Develop DKA Insulin Orders

Supplementary Figure 2. Plan, Do, Study, Act cycles.
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Supplementary Figure 3. Clinical outcomes. A. Appropriate fluid management. B. Appropriate laboratory investigations. C. IV insulin continued to anion gap closure. AG, anion gap;

DKA, diabetic ketoacidosis.
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