Open access

BM) Open
Diabetes

Research
& Care

To cite: Flores M, Amir M,
Ahmed R, et al. Causes

of diabetic ketoacidosis
among adults with type 1
diabetes mellitus: insulin
pump users and non-users.
BM.J Open Diab Res Care
2020;8:001329. doi:10.1136/
bmjdrc-2020-001329

» Supplemental material is
published online only. To view,
please visit the journal online
(http://dx.doi.org/10.1136/
bmjdrc-2020-001329).

Received 14 March 2020
Revised 24 September 2020
Accepted 1 October 2020

| '.) Check for updates

© Author(s) (or their
employer(s)) 2020. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published
by BMJ.

"Internal Medicine, Cleveland
Clinic, Cleveland, Ohio, USA
2Endocrinology Department,
Case Western Reserve
University, Cleveland, Ohio, USA
®Department of Medicine,
Epidemiology, and Biostatics
Department of Quantitative
Health Science, Cleveland
Clinic, Cleveland, Ohio, USA
*Diabetes and Metabolism,
Cleveland Clinic, Cleveland,
Ohio, USA

SCleveland Clinic Lerner College
of Medicine, Case Western
Reserve University, Cleveland,
Ohio, USA

®Respiratory Institute, Cleveland
Clinic, Cleveland, Ohio, USA

Correspondence to
Dr Mohammed J Al-Jaghbeer;
aljaghm@ccf.org

Original research

Causes of diabetic ketoacidosis among
adults with type 1 diabetes mellitus:
insulin pump users and non-users

Monica Flores

," Maryam Amir,"? Ramsha Ahmed,’ Suleiman Alashi,’

Manshi Li,® Xiaofeng Wang,® M Cecilia Lansang,** Mohammed J Al-Jaghbeer®

ABSTRACT

Introduction Insulin pumps are increasingly being used
as a method of insulin delivery in patients with type 1
diabetes mellitus (T1DM). Diabetic ketoacidosis (DKA) is a
serious complication of T1DM. This study aims to identify
the causes of DKA in patients with T1DM on continuous
subcutaneous insulin infusion (CSII) and to compare these
with patients with T1DM on multiple daily insulin injections
(MDilIs).

Research design and methods This is a prospective
observational study between January and June 2019

at the Cleveland Clinic Fairview Hospital. Demographic,
clinical, and biochemical data were obtained from chart
review. A questionnaire to explore additional clinical data
relating to DKA was administered, with additional items for
patients on the insulin pump.

Results Seventy-four patients were admitted with a
diagnosis of DKA between the period of January and
June 2019. Of these, 45 met the inclusion criteria and

43 consented. These were divided into two groups:

group 1 included patients on MDIl and group 2 included
CSII. Overall, the most common precipitating factor for
developing DKA was insulin non-adherence, seen in 51.2%
of the cases. The most common cause of DKA in group 2
was pump/tubing related to 55% of the cases.
Conclusion Despite non-adherence being common

in both CSII and MDII, a combination of social factors,
education and insulin pump malfunction, such as pump/
tubing problems, might be playing a pivotal role in DKA
etiology in young adults with T1DM, especially in CSII
users. Continued education on pump use may reduce the
rate of DKA in pump users.

INTRODUCTION

Diabetic ketoacidosis (DKA) is a poten-
tially life-threatening metabolic complica-
tion, typically marked by metabolic acidosis,
ketosis, and uncontrolled hyperglycemia. It
is a common, costly, and dangerous compli-
cation of type 1 diabetes mellitus (T1DM).'
The most common risk factor for DKA is
poor adherence to insulin treatment and
poor glycemic control.?> With the advent
of continuous subcutaneous insulin infu-
sion (CSII) or insulin pumps, it was initially
observed that DKA was more frequent after
its initiation compared with patients who

Significance of this study

What is already known about this subject?

» Diabetic ketoacidosis (DKA) is a life-threatening but
preventable complication of diabetes, which leads to
an increase rate of hospital admissions.

» Previous studies focused on describing DKA trends
in children; however, about 80% of patients with
DKA are adults.

» Further studies to understand the etiology of DKA in
adults using multiple daily insulin injectionl and con-
tinuous subcutaneous insulin infusion are needed.

What are the new findings?

» The most common precipitating factor for devel-
oping DKA is insulin non-compliance, defined as
a one or more missed insulin dose 1week prior to
admission.

» Despite the major triggering factor for DKA in pump
users being pump/tubing problems, recurrence of
DKA is still likely multifactorial, including a combina-
tion of social factors, lack of education, and insulin
pump malfunction.

How might these results change the focus of

research or clinical practice?

» Continued patient education and healthcare provid-
er support in managing the pump and tubing might
help reduce the rate of DKA in this population.

» Efforts to understand and address other factors
contributing to DKA, such as demographics, clin-
ical characteristics, and social risk factors should
be a focus of future DKA prevention strategies and
studies.

were on conventional insulin injections, often
attributed to pump malfunction or technical
problems with insulin delivery.”* Since then,
issues with insulin delivery have improved,
and insulin treatment via CSII has been
shown to provide better glycemic control for
patients with TIDM.”

There is a paucity of recent studies on adult
patients with T1DM using CSII and the causes
of DKA.% We, therefore, aimed to identify the
causes of DKA in adult patients with T1IDM on
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CSII and compare these with patients on insulin therapy
using multiple daily insulin injections (MDIIs).

METHODS

Setting and participants

This was a single-center prospective observational study
conducted between January and June 2019 at the Cleve-
land Clinic Fairview Hospital, a regional hospital of the
Cleveland Clinic Health System. Confidentiality was
maintained through the study. Informed consent was
obtained from patients by the investigation team, and the
participants signed consent forms before being enrolled
in the study.

The eligible study population consisted of all patients
who were 18 years or older with TIDM and admitted with
the diagnosis of DKA between January and June 2019.
Because of our hospital protocol that all patients with
DKA should be admitted to the Medical Intensive Care
Unit (MICU), all patients included in the study were
initially admitted to the MICU regardless of DKA severity.
MICU management for DKA patients is protocol driven,
and there were no changes to protocols during the study.
We included patients who were either on an insulin pump
or MDII >12 weeks before study enrollment. Patients
who declined to participate and patients on the insulin
pump for less than 12 weeks were excluded. TIDM was
defined as exclusive insulin therapy since diagnosis. DKA
was defined according to the revised biochemical criteria
of the American Diabetic Association (ADA), which
includes: hyperglycemia (blood glucose >250mg/dL
(=13.9mmol/L)); arterial pH <7.30 or serum bicarbonate
<18 mEq/L and ketonemia (blood beta-hydroxybutyrate
>3mmol/L) or positive urine ketones. The severity of
DKA (mild, moderate, or severe) was done based on
the classification of the ADA, which is based on plasma
glucose, arterial pH, serum bicarbonate level, urine and
serum ketones, effective serum osmolality, anion gap, and
alteration in sensorial or mental status.” Poor glycemic
control was defined by hemoglobin Alc (HbAlc) >9%.
More than two episodes defined recurrent DKA in the
last 12 months.

On admission, a questionnaire was provided to explore
the etiology of DKA in patients with MDII and CSII. The
questionnaire was targeted to adults with TIDM admitted
with DKA’s diagnosis, with content experts from internal
medicine and endocrinology. The questionnaire included
multiple-choice questions and open-ended questions
regarding the patient’s history of diabetes, awareness
of DKA, acute and chronic diabetes complications, and
diabetes management. Additional questions regarding
pump function were added for patients on insulin pump,
(online supplemental file 1). Insulin pump data were
downloaded from the electronic device and assessed by
the investigator team at the DKA diagnosis time to assure
there was no discrepancy in the collected data.

Demographic characteristics, clinical, and laboratory
data were retrieved from the electronic medical records.

Statistical analysis

Patient information was described using means with SD
for continuous variables, and median with quartiles,
counts, and percentages for all categorical variables. The
study population was divided into two groups (CSII and
MDII users). Kruskal-Wallis test was used to compare the
non-normally distributed continuous variables. A % test
was used to compare the categorical variables. Fisher’s
exact test was conducted when one or more of the cells
had an expected five or less frequency. All analyses were
performed using SAS V.9.4 for Linux. The level of statis-
tical significance was set at p<0.05 (two tailed).

RESULTS

A total of 74 patients were admitted with a DKA diagnosis
between the period of January and June 2019. Of these,
45 met the inclusion criteria and 43 consented. These
were divided into two groups: group 1 included patients
on MDII, and group 2 included patients on CSII. There
were 23 patients (53.5%) in group 1 and 20 patients
(46.5%) in group 2.

Baseline characteristics

Among the evaluated patients, 53.5% were female with a
median age of 32 years (IQR: 23.0-43.0). Female sex was
significantly more prevalent in the CSII users compared
with the MDII users (75.0% vs 34.8%, p=0.008). The
Caucasian race was more prevalent (79.1%) in the studied
cohort as compared with other races. Neither age, race,
body mass index, nor educational level presented a signif-
icant difference between the group with insulin pump
and the group without insulin pump (table 1).

Clinical and biochemical characteristics

Of the 43 patients enrolled in the study, 66.6% had a base-
line HbAlc >9% at the time of admission. Poor glycemic
control (HbAlc >9%) was more prevalent in patients
with MDII compared with patients with CSII (82.6% vs
47.0%, p=0.062). The duration of TIDM was found to
be more than 10 years in 74% of the studied cohort. Due
to the chronicity and the duration of diabetes, microvas-
cular complications were expected. Patients on MDII had
asignificantly higher incidence of peripheral neuropathy
than patients with an insulin pump (60.9% vs 30.0%,
p=0.043). There was no significant difference between
MDII and CSII groups in terms of nephropathy and reti-
nopathy. Among the studied cohort, only 25.6% used
continuous glucose monitoring (CGM) before admis-
sion. As expected, CGM use was significantly higher in
the group with an insulin pump than the group without
an insulin pump (40% vs 13%, p=0.043). The use of
non-insulin glucose-lowering medications in addition to
insulin was uncommon across both groups.

Regarding DKA episodes, most of the admitted cases
were classified as mild (39.5%). Severe cases were more
prevalent in the CSII group compared with the MDII
group (35% vs 13%, p=0.21). Ahigher recurrence number
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Table 1 Baseline characteristics of MDIl and CSII users
Overall MDII users CSll users
(N=43) (N=23) (N=20) P value*
Agem, median (IQR), years 32.0 (23.0-43.0) 38.0 (25.0-43.0) 27.0 (22.0-43.5) 0.25t
Female, n (%) 23 (53.5) 8 (34.8) 15 (75.0) 0.008%
Body mass index, n (%), kg/m? 0.19§
<18.5 3(7.0) 3(13.0) 0(0.0)
18.5-25 23 (53.5) 12 (52.2) 11 (55.0)
25-30 8 (18.6) 3(13.0) 5 (25.0)
30-35 7 (16.3) 5(21.7) 2 (10.0)
>35 2 (4.7) 0(0.0) 2 (10.0)
Caucasian race, n (%) 34 (79.1) 16 (69.6) 18 (90) 0.14§
Education level, n (%) 0.20§
High school 20 (47.6) 12 (54.5) 8 (40.0)
Bachelors 19 (45.3) 10 (45.5) 9 (45.0)
Masters 3(7.1) 0 (0.0) 3 (15.0)

Statistics presented as mean+SD, median (P25, P75) or n (column %).

*The p values correspond to the comparison between with pump and without pump groups.

TKruskal-Wallis test.
tPearson's y test.
§Fisher’s exact test.

CSll, continuous subcutaneous insulin infusion; MDII, multiple daily insulin injection.

of DKA episodes were more frequent in the group using
MDII when compared with the group using CSII (52.2%
vs 25.0%, p=0.052). Only 34.9% of the enrolled partici-
pants knew about hyperglycemic sick day management
and DKA prevention. Overall, the group with an insulin
pump had more awareness of DKA prevention (50% vs
21.7%, p=0.052).

As for diabetes management, most patients with TIDM
admitted with DKA and using CSII skipped their insulin
bolus dose at prescribed times, especially premeals,
compared with patients with TIDM using MDII (90% vs
30.4%, p<0.001).

The use of insulin pump was significantly associated
with a prolonged MICU length of stay (LOS) compared
with no insulin pump use (mean days 1.9+0.62v. 1.3+0.71,
p=0.001); however, the overall duration of hospitalization
was not significantly different. Rest of characteristics are
described in table 2.

Etiology of DKA
The causes for developing DKA and percentage of occur-
rence are summarized in figure 1.

Overall, regardless of the use or not of an insulin
pump, the most common precipitating factor for devel-
oping DKA was insulin non-adherence (51.2%), defined
as one or more missed insulin doses in the last week
prior admission. Non-adherence was more prevalent in
patients without insulin pump compared with patients
with insulin pump (78.3% vs 20.0%).

Among the subset of patients with TIDM using an
insulin pump, 55% of the DKA cases were associated
with a pump/tubing defect, which mainly encompassed

kinking and air bubbles in the tubing that prevented the
pump from delivering insulin properly. Underling infec-
tion was present in 25% of the cases, followed by non-
adherence by a 20%.

Characteristics of insulin pump users

In our cohort, most of our participants used Medtronic
pumps (70%), 15% Tandem Diabetes, 10% Animas, and
5% Omnipod. More than half of our patients (55%) had
an insulin pump for more than 5years and were trained
mostly at their physician’s office (55%).

When evaluating if further action was done with hyper-
glycemic events or when presenting DKA symptoms, most
of the patients (90%) will correct hyperglycemia with
the insulin pump. Other preventive measures such as
hydrating and checking ketones will be done by 30% and
20% of the participants, respectively (table 3).

DISCUSSION

DKA is a life threatening but preventable complication
of diabetes that occurs most frequently in persons with
TIDM.® It is associated with an overall mortality of <1%
in adults with TIDM.? After a slight decline from 2000
to 2009, Centers for Disease Control and Prevention’s
US Diabetes Surveillance System indicated an increase
in hospitalization rates for DKA during 2009-2014,
most notably in persons aged <45 years.'” This epidemi-
ology trend is reflected in our results, where most of the
patients of the study cohort who developed DKA were
young (median 32.0 years; IQR 23.0-43.0), white females,
with an overall poor glycemic control (HbAlc >9%), and
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Table 2 Clinical and biochemical characteristics of MDII and CSII users

Overall MDII users CSll users
(N=43) (N=23) (N=20) P value

Hemoglobin g/dL, median (IQR) 12.5 (10.7-14.) 12.2 (10.9-14.) 12.5 (10.4-14.) 0.94*
GFR =60 mL/min/1.73m?, n (%) 35 (81.4) 19 (82.6) 16 (80.0) 0.99t
HbA1c %, n (%) 0.062t

<7 2 (4.8) 14.3) 1(5.3)

7-9 12 (28.6) 3(13) 9 (47.4)

>9 28 (66.6) 19 (82.6) 9 (47.4)
Severity of DKA, n (%) 0.21%

Mild 17 (39.5) 11 (47.8) 6 (30.0)

Moderate 16 (37.2) 9 (39.1) 7 (35.0)

Severe 10 (23.3) 3(13.0) 7 (35.0)
No diabetic complications, n (%) 16 (37.2) 6 (26.1) 10 (50.0) 0.11%
Diabetic retinopathy, n (%) 9 (20.9) 6 (26.1) 3(15.0) 0471
Diabetic nephropathy, n (%) 13 (30.2) 6 (26.1) 7 (35.0) 0.53%
Diabetic neuropathy, n (%) 20 (46.5) 14 (60.9) 6 (30.0) 0.043%
Duration of DM, years, n (%) 0.78t1

<5 5(11.6) 3(13.0) 2(10.0

5-10 6 (14.0) 4(17.4) 2(10.0)

>10 32 (74.4) 16 (69.6) 16 (80.0)
Number of DKA episodes over last 12 months 0.052t

None 9 (20.9) 6 (26.1) 3(15.0)

1 13 (30.2) 3(13.0) 10 (50.0)

2 4 (9.3) 2(8.7) 2(10.0)

>2 17 (39.5) 12 (52.2) 5 (25.0)
Number of hypoglycemic events in last 6 months 0.68%

<5 12 (28.6) 6 (27.3) 6 (30.0)

5-10 13 (31.0) 6 (27.3) 7 (35.0)

10-20 12 (28.6) 8 (36.4) 4 (20.0)

>20 5(11.9) 2(9.1) 3(15.0)
Number of hypoglycemic events needing another 0.079%
person’s assistance in last 6 months

<1 22 (51.2) 11 (47.8) 11 (55.0)

1-3 16 (37.2) 7 (30.4) 9 (45.0)

>3 5(11.6) 5(21.7) 0(0.0)
Patient with recent changes in insulin regimen or 4 (9.3) 3(13.0) 1 (5.0 0.61t
settings
Patients using CGM, n (%) 11 (25.6) 3(13) 8 (40) 0.043%
Patients who takes all of his or her insulin bolus at 25 (58.1) 7 (30.4) 18 (90.0) <0.001%
prescribed times, n (%)
Patients who lack insulin supplies, n (%) 6 (14.0) 4(17.4) 2(10.0 0.671
Patients who check insulin expiration date prior to 31 (72.1) 15 (65.2) 16 (80.0) 0.28%
use, n (%)
Patients who know about hyperglycemic sick day 15 (34.9) 5(1.7) 10 (50.0) 0.052%
management/DKA prevention, n (%)
Patients who receive non-insulin medication for 2 (4.7) 2 (8.7) 0 (0.0) 0.49t
DM, n (%)
Patients who know how to count carbs, n (%) 37 (86.0) 18 (78.3) 19 (95.0) 0.19t

Continued
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Table 2 Continued

Overall MDII users CSll users

(N=43) (N=23) (N=20) P value
Patients who know how to use correctional insulin, 40 (93.0) 21 (91.3) 19 (95.0) 0.99t
n (%)
Hospital length of stay (days, mean+SD) 2.7+1.5 2.5+0.99 2.9+1.9 0.49*
ICU length of stay (days, mean+SD) 1.6+0.73 1.3+0.71 1.9+0.62 0.001*

Statistics presented as N (column %).
*P values.

tFisher’s exact test.

tPearson’s y? test.

CGM, continuous glucosemonitor; CSlI, continuous subcutaneous insulin infusion; DKA, diabetes ketoacidosis; DM, diabetes mellitus; GFR,
glomerular filtration rate; HbA1c, hemoglobin A1c; ICU, intensive care unit; MDII, multiple daily insulin injection.

recurrent DKA episodes (>2 in last 12 months). The
recurrence of DKA episodes was seen more in the MDII
group compared with CSII. These findings go along with
the systematic literature review done by Farsani et al,’®
which reported a higher prevalence of DKA in women
and patients treated with insulin injections compared
with men and patients using CSII pumps. The above
was as well supported by a cross-sectional study of adult
patients with DKA admitted in a hospital in Atlanta,
Georgia, where recurrent DKA episodes were frequently
seen in young women with T1DM and was caused mostly
by the omission of insulin treatment.'"

Previous studies focused on describing DKA trends in
children'? 13; however, about 80% of patients with DKA
are adults." In this study, we aimed to identify factors
contributing to DKA in adult insulin pump users that
may help future preventive measures.

Among the 43 adults enrolled in our study with DKA, 20
(46.5%) were using an insulin pump device at admission.
A Medtronic pump device was used by more than half
of the participants (70%). Of these, 75% were female,
Caucasian race, median age 27.0 years (22.0-43.5), dura-
tion of TIDM for more than 10 years (80%), and with
poor underlying glycemic control. Compared with the

Etiology of DKA in CSII Patients Vs.

B Non-adherence

B Infection B Pump/tubing

Figure 1

population characteristics described in the updated US
Type 1 Diabetes Exchange Clinic Registry from 2016 to
2018, our population shared similar baseline characteris-
tics. Based on the registry data, the population between
26 and 49 years old were mostly females (50%), non-
Hispanic whites (89%), and with TIDM duration of 27.7
years£10.1. Insulin pump device was present in 64% of
this subgroup and a Medtronic pump device was mostly
used (53%).151°

In our study, CSII users had a lower DKA frequency
compared with MDII users, which is supported by
previous studies where treatment with CSII is associated
with a low incidence of DKA.'” Based on our data, pump/
tubing-related problems were the most important reason
for insulin pump users for DKA development. Similar
data were found in a Danish survey where kinking of the
tubing and/or leakage of insulin at the infusion site was
the most likely contributor to DKA development.' This is
in contrast to the results described by Hanas et al,' which
found that the most common causes of DKA in patients
using CSII were missed insulin doses (48.6%), followed
by gastroenteritis (14.1%) and technical pump problems
(12.7%).

Etiology of DKA in MDII Patients

u Other

B Non-adherence

M Infection

Graph pie portraying and comparing etiologies of DKA in CSIl and MDII users. CSlII, continuous subcutaneous

insulin infusion; DKA, diabetic ketoacidosis; MDII, multiple daily insulin injection.
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Table 3 Descriptive data of insulin pump users

Total
(N=20)
Pump device, n (%)
Animas 2 (10.0)
Medtronic 14 (70.0)
Omnipod 1(5.0)
Tandem Diabetes 3 (15.0)
Current pump is older than 5 years, n (%) 7 (35.0)
Length in years of having the pump, n (%)
<5 9 (45.0)
5-10 4 (20.0)
>10 7 (35.0)

How the patient was trained on the pump, n (%)

MD office 11 (55.0)
Pump company 8 (40.0)
Other 1(5.0)

Patient knows his or her pump settings, n (%) 15 (75.0)
If yes, patient knows the current basal rates 12 (63.2)
If yes, patient can demonstrate a basal rate 13 (68.4)
If yes, patient uses bolus wizard or bolus 17 (85.0)
If yes, patient shows how to look up current 11 (55.0)
carb ratio

Patient can demonstrate suspending insulin 20 (100.0)

delivery

What action did patient take when blood glucose continued
to increase/had symptoms of DKA?

Corrected through pump 18 (90.0)

Injected subcutaneous insulin 4 (20.0)

Checked ketones 4 (20.0)

Hydrated 6 (30.0)

Other 4 (20.0)
Patient has a back-up plan if pump 17 (89.5)
malfunctions

How often does the patient change pump insertion site?
2-3 days 10 (50.0)
4-5 days 10 (50.0)

Statistics presented as N (column %).
DKA, diabetes ketoacidosis; MD, medical degree.

Although recurrence of DKA events, as mentioned
above, are higher in the MDII group, the overall recur-
rent rate in our CSII group was higher (25%) when
compared with the national data obtained from the T1D
Exchange Clinic Registry. Per T1D Exchange Clinical
registry, only 1% of the pump users among the age group
26—49 years old experienced more than one DKA event
in prior 3 months.'> This result depicts a unique popu-
lation of adults with TIDM that is not representative of
the typical T1IDM population with CSII. This group of
patients needs a special consideration since are known to

3

have an increased risk for mortality* and not the overall
low mortality reported by the CDC in prior studies. Also,
this population represents a higher rate of readmissions
within 30 days and a higher healthcare cost.”!

The explanation for a higher recurrent rate of DKA in
our CSII users is most likely multifactorial and not only
attributed to an insulin pump malfunction. One of the
factors contributing to an increased risk of DKA in this
group is the underlying poor glycemic control at the time
of admission, determined by elevated HbAlc. This result
stresses poor compliance of diabetic treatment regimen
among CSII users. In fact, 90% of the patients using an
insulin pump mentioned in the questionnaire to skip
insulin bolus doses.

Another explanation behind the higher rates of DKA
in our CSII users may be related to the infrequent change
of the infusion site. The manufacturers of CSII pumps
usually recommend changing infusion sites every 2-3
days to avoid skin and infusion problems.** In our cohort,
50% admitted to exchange the infusion site after more
than 3 days. Also, 72% of our studied cohort did not
check insulin expiration date, possibly administrating
expired insulin.

Other reasons to consider is education, especially
regarding insulin pump use and recognition of DKA
symptoms. Per Dogan et al® most of the episodes of
DKA occurs early after the pump is initiated, suggesting
a learning curve occurs in all new forms of treatment.
Based on our questionnaire, most of the patients had
been using insulin pumps for at least Hyears, 75% new
about their settings, and 76% recognized malfunction.
These data are less suggestive of a lack of expertise but
instead the problem seems to rely on the lack of knowl-
edge regarding further actions after recognizing a pump
malfunction.

There has been scant literature on the assessment of
patient knowledge while already on the insulin pump.
One study tried to assess patient knowledge during the
hospital stay to discern gaps in knowledge and to fill
in those deficiencies to ensure a safe hospital stay and
included items for the avoidance of DKA for outpatient
care (such as knowledge on delivering a correction bolus
or having back-up insulin for pump malfunction).* This
tool can potentially be modified for use during outpa-
tient visits to prevent DKA.

Also, education in regards to DKA symptoms recog-
nition is poor. In our cohort, only 20% applied other
preventive measures such as checking ketones. This is
backed up by data reported in the T1D exchange clin-
ical registry, where checking ketones was more common
in child than adults, and blood ketones were uncomely
check among all age groups. Only 20% recognized
having a blood ketone meter.

Although pump user education and re-education on
DKA avoidance are ideally done in the outpatient setting,
educating should be considered in hospitals. Several
attempts have been made to augment providers’ knowl-
edge of insulin pump use.***® Perhaps teaching hospital

6
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providers how to use insulin pumps might improve
further outcomes related to DKA, such as shortening
hospital LOS. Since based on our results, patients with
CSII had prolonged MICU LOS compared with a patient
with MDII.

Despite the novel data provided from the question-
naire, the study has inherent limitations. First, this was a
single-center prospective observational study with a small
sample size; therefore, findings may not be generalized
to other settings. However, to our knowledge, this is one
of the few studies that aimed to look at causes of DKA in
the adult population with T1DM involving pump users
and non-users. Second, we did not examine the injection
site for skin abnormalities (eg, lipohypertrophy) or the
pump itself for defects. Instead, we used a questionnaire
and the pump data download for information. Third,
we did not obtain data on medical insurance, social risk
factors, or compliance with outpatient follow-up that
may affect treatment and pump compliance. Finally,
although the majority of the cases had mild DKA and in
other hospitals will be managed in non-MICU settings,
our hospital DKA management protocol provided us
the opportunity to have a better view and understanding
of DKA behavior in the adult population; information
that will be missed if moderate or severe DKA were only
included. Additionally, TIDM was not confirmed by stan-
dard diagnostic criteria.

CONCLUSIONS
Although CSII use has helped overcome most of the chal-
lenges in TIDM management over the last years, compli-
cations such as DKA are still a burden. In this study, we
portrayed the etiology of DKA in adults with TIDM with
CSII and MDII, and as well as described a unique popu-
lation with recurrent DKA events. The major triggering
factor for DKA remains treatment non-adherence. In
addition to non-adherence, pump device malfunction
such as pump/tubing defects, is a significant leading
factor for DKA development in the CSII population. The
recurrence of DKA events, especially in our CSII users,
is likely multifactorial. A combination of social factors,
education, and insulin pump malfunction, such as
pump/tubing problems, might be playing a pivotal role
in DKA recurrence in young adults with TIDM.
Continued patient education and healthcare provider
support in managing the pump and tubing and further
pump development might help reduce DKA’s rate in
this population. Efforts to understand and address other
factors contributing to DKA, such as the demographic
and clinical characteristics of young adults, symptom
recognition, self-management skills, and social risk
factors, including access to care, insurance coverage,
or cost of treatment, should be a focus for future DKA
prevention strategies and studies.
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