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Background: Standardized DKA treatment could result in better overall safety and efficacy 
outcomes. The primary objective of this study is to validate the efficacy of an adapted nurse- 
driven DKA protocol compared to a physician-driven DKA protocol across the continuum of 
three hospital settings: the University of Colorado upon which the physician-driven protocol 
is based, Northern Light Eastern Maine Medical Center (NLEMMC), and Northern Light 
Sebasticook Valley Hospital (NLSVH). The secondary objective is to assess the safety of the 
adapted nurse-driven DKA protocol adapted at NLEMMC and NLSVH through determining 
the incidence of hypoglycemia and anion gap reopening.
Patients and Methods: This was a retrospective, IRB-approved, multi-center study that 
included: patients 18 years or older who were treated with the DKA protocol at NLEMMC or 
NLSVH, and admitted to the emergency department between July 2015 and October 2020 with 
a primary diagnosis of DKA and an elevated anion gap greater than or equal to 13 mEq/L.
Results: A total of 90 patients from NLEMMC and 64 patients from NLSVH were included 
and compared to 111 patients from the University of Colorado who were included in the post 
protocol implementation group. There was no statistically significant difference in the 
primary outcome, time to anion gap closure, between the original University of Colorado 
study (10.3 hours) and the NLEMMC (10.9 hours, p = 0.420) and NLSVH (8.8 hours, p = 
0.115) results presented in this study.
Conclusion: The standardized nurse-driven DKA treatment protocol at NLEMMC and 
NLSVH showed no statistical difference in time to anion gap closure compared to the 
University of Colorado study upon which it was based. This finding is particularly relevant 
to hospitals such as NLEMMC and NLSVH that lack provider resources and teams of 
endocrinologists required for the physician-driven DKA protocol.
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Introduction
Diabetic ketoacidosis (DKA) is one of the most severe complications that can affect 
diabetic patients. Along with the detrimental health consequences, DKA accounts for 
over 500,000 hospital days per year with an annual total cost of about 2.4 billion USD.1–3 

There are three main complications that DKA patients suffer from and typically present 
with: dehydration, hyperglycemia, and electrolyte imbalances. Standardized treatment of 
DKA can result in faster resolution of the disease state by correcting these complications 
in a timely fashion. Additionally, implementing ordersets and treatment protocols can 
prevent inappropriate subcutaneous insulin administration and potential confusion 
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amongst care team members. In their retrospective chart 
review, Donihi et al demonstrated the impact of utilizing 
a DKA orderset as more patients received subcutaneous insu-
lin in a timely fashion ensuring appropriate overlap with 
insulin infusions where appropriate.4 In 2007, Bull et al from 
the University of Colorado and Health Sciences Center pub-
lished a mandatory physician-driven protocol for treating adult 
patients with DKA, which showed a quick resolution of DKA 
and significant reductions in intensive care unit and hospital 
lengths of stay.5 Unlike the University of Colorado, the 
Northern Light Health System Hospitals do not always have 
the luxury of physician resources and endocrinology teams. In 
2010, Northern Light’s tertiary care facility, Northern Light 
Eastern Maine Medical Center (NLEMMC) adapted Bull 
et al’s physician-driven protocol and implemented it into 
a nurse-driven DKA protocol.5 Since 2010, this nurse-driven 
DKA protocol has been adapted and utilized across all of the 
Northern Light Health system institutions, including 
Sebasticook Valley Hospital (NLSVH), a 25-bed critical 
access hospital (CAH). NLEMMC and NLSVH admit 
approximately 90 and 16 DKA patients, respectively, 
per year. In this study, we attempted to determine the efficacy 
and safety of our adapted nurse-driven protocol in comparison 
to the Bull et al study across the spectrum of two very different 
hospital entities. If proven to be equally safe and effective, our 
adapted nurse-driven protocol can be utilized by other institu-
tions across the country, especially those in rural and critical- 
access hospitals lacking provider resources.

Materials and Methods
Study Design and Outcomes
This was a retrospective, multicenter observational cohort 
trial. The study was approved by all institutional review 
boards at Northern Light Health System Hospitals (NLH). 
Data were collected through chart review. The primary 
outcome was time to resolution of DKA defined as the 
time between the first elevated anion gap value identified 
in the emergency department and the first anion gap value 
less than 13 mEq /L. Time to anion gap closure at each 
hospital was compared to the time until anion gap closure 
presented in the original Bull et al. study.5 Secondary 
outcomes included hospital length of stay, recurrence of 
anion gap opening, and incidence of hypoglycemia.

Participants
In this study, we included adult patients 18 years of age or 
older who had orders for the established NLH DKA 

protocol at NLEMMC or NLSVH, and were admitted to 
the emergency department between July 2015 to 
October 2020 with a primary diagnosis of DKA and an 
elevated anion gap greater than 13 mEq/L. We utilized 
a similar DKA diagnosis criteria to what was highlighted 
in the Bull et al. study.5 Patients were excluded if: (1) they 
had more than 2 deviations from our DKA protocol (ie, 
change in fluid selection or an insulin dose administered 
outside of the protocol), (2) pregnant, (3) imprisoned, (4) 
transferred from an outside facility where treatment was 
initiated for DKA, or (5) were admitted with a concurrent 
diagnosis of sepsis or respiratory failure.

Data Collection
Patients with multiple admissions for DKA were included 
only once in the study, which was their initial admission. 
The following patient information and pertinent lab values 
were obtained from the electronic medical records of both 
institutions: age, gender, weight, creatinine clearance, emer-
gency department admission date and time, initial anion gap 
date and time, initial Ph, initial potassium level, initial blood 
glucose (BG) level, initial heart rate (HR), initial mean 
arterial pressure (MAP), diabetes type, date and time of 
anion gap (AG) closure, ICU admission date and time, 
ICU discharge date and time, and hospital discharge date 
and time. We also collected date and time of anion gap 
reopening within 6 hours from the initial closure to further 
validate the efficacy of our protocol. ICU and hospital length 
of stay were calculated from the collected data.

Statistical Analyses
The primary outcome for this study was time to anion gap 
closure. An a priori power analysis was performed for a two- 
sided two-sample t-test, which identified a minimum of 55 
patients were needed to attain an 80% power assuming 
a statistical significance α = 0.05, a 4.6-hour standard devia-
tion (cf. Bull et al), and a hypothesized time difference of + 
2.5 hours from Bull et al’s 10.3-hour stated mean time to 
anion gap closure.5 Due to the inability to obtain raw data 
from the original study, two-sample t-tests of summarized 
data were utilized to compare non-proportional data (eg, age, 
initial blood glucose (BG), time to anion gap (AG) closure) 
between the University of Colorado hospital and each of the 
two hospitals in this study. Two-sample proportion hypoth-
esis tests assuming normal approximations were utilized to 
determine statistical significance for proportional data (eg, 
male sex, AG reoccurrence, incidence of hypoglycemia). All 
statistical analyses were performed in Minitab 19.
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Results
A total of 209 patients aged 18 years old or older having 
initial diagnoses of diabetic ketoacidosis were initially 
screened from patients admitted between July 2015 and 
October 2020 at NLEMMC and NLSVH hospitals. 
Inclusion criteria were met in 90 patients from NLEMMC 
and 64 patients from NLSVH. Patients were mainly 
excluded for being transferred from outside facilities where 
DKA treatment was initiated and for having concurrent 
diagnosis of sepsis or respiratory failure. Patient demo-
graphics data and pertinent lab values are summarized in 
Table 1, where both hospitals are compared with the original 
study from the University of Colorado. As shown in Table 2, 
there was no statistically significant difference in the pri-
mary outcome time to anion gap closure between NLEMMC 
and the University of Colorado, and NLSVH and the 
University of Colorado. Although the secondary outcomes 
(ie, hospital length of stay, AG reoccurrence, and incidence 
of hypoglycemia) were generally similar between the 
University of Colorado and NLEMMC and NLSVH, there 
were three statistically significant differences. First, the hos-
pital length of stay for NLSVH was significantly shorter 

than the length of stay for the University of Colorado. 
Second, the AG reoccurrence for NLEMMC was signifi-
cantly greater than AG reoccurrence for the University of 
Colorado. Third, the incidence of hypoglycemia for NLSVH 
was significantly less than the incidence of hypoglycemia 
for the University of Colorado.

Discussion
Our study showed the impact of utilizing ordersets to stan-
dardize treatment pathways in high-risk conditions like 
DKA, where time to resolution of the disease state is 
a major component to preventing further complications. 
Compared to results from Bull et al for the University of 
Colorado,5 our protocol demonstrated similar outcomes and 
required fewer provider resources. Thus, the nurse-driven 
protocol presented here could lead to reductions in the overall 
treatment costs for DKA due to reduced length of stay and 
required resources while producing similar patient outcomes. 
Unlike the mandatory physician-driven protocol disclosed in 
Bull et al, our protocol is completely nurse-driven. In 2010, 
the pharmacy department along with a group of intensivists 
from the NLH System Hospitals were able to build a DKA 

Table 1 Patient Demographics

University of Colorado  
(n = 111)

NLEMMC  
(n = 90)

p value NLSVH  
(n = 64)

p value

Age, yrs (mean ± SD) 39 ± 13 42.7 ± 17.9 0.103 47.6 ± 15.5 0.001

Male sex, % 63 59 0.546 41 0.003

Initial BG (mean ± SD) 588 ± 245 555.9 ± 230.9 0.341 530.4 ± 231.7 0.123

Initial HR (mean ± SD) 108 ± 19 105.9 ±18.7 0.433 107 ± 19.9 0.745

Initial MAP (mean ± SD) 105 ±17 92.3 ± 16.2 <0.001 93.2 ± 16.7 <0.001

Diabetes type (pts) – Type I → 62 – Type I → 29 –
Type II → 18 Type II → 31

Unknown → 4Unknown → 10

Table 2 Outcomes

Outcome University of 
Colorado  
(n = 111)

NLEMMC  
(n = 90)

p value NLSVH  
(n = 64)

p value

Time to AG closure (hrs) 10.3 ± 4.6 10.9 ± 5.7 0.420 8.8 ± 6.8 0.120

Hospital length of stay (hrs) 64.3 ± 41.4 68.1 ± 50.6 0.567 49.6 ± 34.0 0.012

AG reoccurrence (>15 meq/L) 3% (3 pts) 11.1% (10 pts) 0.021 3.1% (2 pts) 0.874

Incidence of Hypoglycemia (BG <55) 14% (18 pts) 18.9% (17 pts) 0.621 4.7% (3 pts) 0.009
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calculator as part of the DKA orderset based on the titration 
table from the original study.5 This calculator directed nurses 
to administer and adjust the rates of insulin and fluids based 
on the patient’s lab values. This demonstrates the feasibility 
of our protocol especially at a small 25-bed critical access 
hospital like NLSVH, where providers sometimes manage 
patients remotely. This allows patients to receive care close 
to home and limits the need for patient transfers to larger 
facilities where bed capacity can be limited. DKA is 
a complicated disease state that requires the medical team 
to consider multiple factors. As highlighted by Bull et al, one 
of the major advantages of this protocol is that it provides 
clear treatment pathways for essential therapy components 
like adequate fluid resuscitation, electrolyte replacement, and 
appropriate insulin dosing.5 Despite being more aggressive 
compared to other published protocols, our protocol did not 
result in significant adverse effects, as evidenced by the 
incidence of hypoglycemia results (NLEMMC 18.9% and 
NLSVH 4.6%). In 2006, the American College of 
Endocrinology and American Diabetes Association released 
a consensus statement that highlighted some of the main 
challenges in managing hyperglycemic patients, which 
included a national shortage in nurses.6 Furthermore, this 
could lead to hesitancy and inconsistency in insulin admin-
istration due to the fear of causing hypoglycemia.6 One of the 
main challenges we face with utilizing the protocol is provid-
ing continuous education to the interdisciplinary team mem-
bers regarding coadministration of long-acting subcutaneous 
insulin and overlapping insulin infusion. In order to ensure 
a safe and effective application of our protocol, we provided 
intense, on-going education to our ICU and emergency teams 
regarding when to initiate the protocol, how to order labs 
through the DKA orderset, and when to notify the provider in 
severe cases in which the patient is non-responsive to ther-
apy. One of the potential causes that led to a significantly 
higher incidence of gap re-opening at NLEMMC is a high 
turnover rate for ICU nurses, which could have led to unin-
tentional non-adherence to the protocol. This issue was pre-
viously highlighted at other large institutions resulting in 
prolonged treatment times to resolution of the disease state. 
For instance, in her retrospective chart review, Ruth Ferreri 
found that the majority of patients did not receive appropriate 
overlap between continuous insulin infusions and long- 
acting subcutaneous insulin.7 One of the interesting findings 
in our study is the difference in patient populations between 
NLEMMC and NLSVH. For instance, more patients with 
type 1 diabetes were included from NLEMMC (69%) com-
pared to NLSVH (45%). However, there was no clinically 

significant difference in time to anion gap closure, which 
aligns with the findings from a multicenter study by 
Balmier et al who also did not find a significant difference 
in time to recovery between type 1 and type 2 diabetic 
patients.8 On the other hand, Balmier et al highlighted an 
interesting finding as they found a significant difference in 
metabolic complications like hypoglycemia and hypokale-
mia associated with DKA treatment depending on the under-
lying type of diabetes.8 This issue is not clearly highlighted 
by the current treatment guidelines and protocols, which will 
need further studies to investigate the difference in insulin 
requirements depending on the underlying diabetes type to 
avoid potential future treatment complications. It is also 
unclear whether concurrent disease states could have an 
impact on DKA patients depending on their underlying dia-
betes type. In their retrospective cohort study, Kempegowda 
et al highlighted findings indicating COVID-19 impacts 
DKA differently in type 1 and type 2 diabetics.9 

Furthermore, type 2 diabetics required greater ICU length 
of stay and had a higher mortality rate compared to type 1 
diabetics who were more hyperglycemic upon presentation.9 

Our study did not include any COVID-19 patients since our 
enrollment period was between July 2015 to October 2020. 
Given the increasing incidence of COVID-19, larger pro-
spective multicenter studies are needed to determine if 
there are any treatment adjustments that need to be made 
when treating DKA patients with concurrent diagnosis of 
COVID-19. Additionally, as highlighted by Islam et al, 
further updates are required to the current treatment DKA 
protocols and guidelines to ensure their appropriateness 
when utilizing them for other special patient populations 
like heart failure and renally impaired patients.10 As shown 
in the Supplementary Appendix, our DKA treatment proto-
col recommends adjusting both total fluid volumes and rates 
of administration for patients with heart failure, end-stage 
liver or renal disease, those over age 65, or hypoxemia to 
prevent fluid overload.

Limitations
The study was affected by at least three limitations. The first 
limitation of this study was a small sample size which could 
have resulted from the strict exclusion criteria as many 
patients were excluded as a result of being transferred in 
from outside hospitals where DKA treatment was initiated 
and was not in adherence with the NLH protocol. This 
approach was taken to ensure accurate assessment of our 
DKA protocol. Although the sample size n = 55 with 
a hypothesized time difference of ± 2.5 hours for a 4.6-hour 
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standard deviation resulted in an 80% power, the actual time 
differences and standard deviations for time to AG closure 
were 0.6 and 5.7 hours, respectively, for NLEMMC, and 1.5 
and 6.8 hours, respectively, for NLSVH. An a posteriori 
power and sample size calculation indicates that the 90- 
patient sample size having a 5.7-hour standard deviation as 
found for NLEMMC can detect a ± 2.4-hour time difference 
at an 80% power. Similarly, the 64-patient sample size hav-
ing a 6.8-hour standard deviation as found for NLSVH can 
detect a ± 3.4-hour time difference at an 80% power. 
Although we were unable to achieve our statistical targets, 
our protocol demonstrated clinical success and efficacy in 
real-world practice. The second limitation was the lack of 
documentation of certain lab values like initial pH, which 
made it difficult to accurately assess the severity of illness as 
we were unable to calculate accurate APACHE II scores for 
many of our patients. The third limitation was that NLSVH is 
a small, critical access hospital that lacks transitions of care. 
Patients who get admitted with multiple acute conditions and 
require higher level of care get transferred to higher level of 
care at other hospitals like NLEMMC. Hence, some of the 
secondary outcomes, such as hospital length of stay between 
NLSVH and the University of Colorado is not an accurate 
representation of the overall hospital length of stay because 
of the difference in patient population and hospital settings. 
However, from a practical standpoint, the overall hospital 
length of stay at NLSVH was 48.9 hours, which ensures that 
patients receive appropriate treatment in a timely manner at 
a relatively smaller hospital with limited bed-space capacity 
and provider resources. Given the overall lack of healthcare 
resources in rural communities, the benefits of being able to 
treat complex patients with a protocol-based approach, like 
those in DKA, at rural care centers cannot be overlooked.

Conclusion
Our mandatory nurse-driven DKA protocol demonstrated 
equivalent efficacy and safety compared to the original 
physician-driven DKA protocol upon which it was based.5 

Standardized DKA treatment could ultimately lead to better 
results when compared to individualized treatment. Future 
studies will need to be conducted prospectively across simi-
lar hospital settings with similar patient populations to 
further assess the utility of implementing new strategies 
that could result in faster resolution of the disease state 
with additional consideration being given to concomitant 
disease states on patient presentation. Also, more studies 
are needed to further investigate the overall cost reduction 
and overall benefits to the healthcare system like re- 

admission rates associated with using standardized DKA 
treatment protocols compared to individualized treatment.

Consent
Northern Light Eastern Maine Medical Center’s institutional 
review board (IRB) approval was obtained prior to conduct-
ing the study, which included all consent forms. This was an 
informational retrospective study that was given an exempt 
status for obtaining patient consent. This study was con-
ducted in accordance with the Declaration of Helsinki.
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