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Abstract

Background: Previous studies have shown low adherence to the recommendation to repeat point-of-care glucose (POCG)
within |15minutes following the treatment of inpatient hypoglycemia. We sought to evaluate whether patient and clinical
factors may predict time-to-repeat (TTR) POCG following hypoglycemic events in hospitalized adult patients.

Methods: This was a retrospective cross-sectional analysis of 22 226 index hypoglycemic (=70 mg/dL) readings (of 993 395
total POCG samples) from 6226 hospital admissions within the Johns Hopkins Health System over three years. Time-to-
repeat was defined as the difference in time (minutes) between the index POCG and the next POCG sample. Multivariable
logistic regression was used to evaluate the association of TTR with clinical, patient, and hospital factors.

Results: The median (IQR) TTR was 49 (25-119) minutes,and 14.1% ofindex POCGs hada TTR = 5. Severity of hypoglycemia,
intensive care unit (ICU), intermediate care (IMC) and pediatrics admissions, and dextrose or glucagon administration were
associated with higher adjusted odds of TTR =15 minutes. Admission to community hospitals, procedural units, surgery, and
labor and delivery was associated with lower adjusted odds of TTR =15minutes. Age, sex, insulin on board, secretagogue
use, diabetes type, nutritional status, previous POCG value, and glycemic variability were not significantly associated.

Conclusion: There is low adherence to the recommendation to repeat a POCG within 15minutes following the treatment
of inpatient hypoglycemia, which may be mediated by both patient and hospital factors. Further studies are needed to
understand the mediators and implications of this practice variability.
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Introduction glucose (POCQG) in 15minutes.*"" For patients who are
unable to consume oral glucose due to their current nutri-
tional status or because of neurocognitive impairment from
hypoglycemia, administration of intravenous dextrose and/or
glucagon are recommended for prompt restoration of normal
glucose.”!!"!2

Hypoglycemia is prevalent among hospitalized patients,
with 6.3% and 5.7% of patient-days having at least one
hypoglycemic episode in intensive care unit (ICU) and non-
ICU settings, respectively.' Within five adult hospitals in our
health system (Johns Hopkins Medicine), rates of inpatient
hypoglycemia, defined as a blood glucose (BG) =70mg/dL
range from 4.0% to 5.4% of patient-days, averaged over one
year. While a definite causal relationship has not been estab- visior Y °
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Several studies have shown that adherence to the recom-
mendation to repeat a POCG within 15 minutes following
hypoglycemia treatment is low."** Studies have shown a
direct association between the hypoglycemic POCG value
and the time-to-repeat (TTR) POCG,"'** indicating that
primary healthcare responders (typically nurses) take into
account the severity of hypoglycemia in determining the
acuity of their response; however, whether patient or hospital
factors besides the hypoglycemic POCG value itself are
associated with TTR has not been well studied. One study
found that median TTR differed by diabetes type and insulin
use, but a formal statistical analysis was not provided.'” We
suspect that other patient and systems’ factors beyond the
hypoglycemic value influence the healthcare team’s respon-
siveness to a hypoglycemic episode.

In this study, we sought to evaluate clinical factors that
are associated with TTR in hospitalized patients with hypo-
glycemia. We hypothesized that the severity of hypoglyce-
mia, the use of glucose-lowering medications, the presence
of diabetes, and the patient’s nutritional status at the time of
hypoglycemia would be associated with the TTR.
Specifically, we postulated that there would be an inverse
relationship between TTR when progressing from categories
of mild/moderate hypoglycemia (BG 54-70 mg/L), clinically
significant hypoglycemia (BG 40-54mg/dL), and severe
hypoglycemia (BG <40mg/dL), and that the TTR would be
lower in (a) inpatients with iatrogenic hypoglycemia (ie, due
to insulin or sulfonylurea therapy) compared to spontaneous
hypoglycemia, (b) patients with known diabetes, and (c) in
patients who are nil per os (NPO) at the time of hypoglyce-
mic events.

Methods
Design

This was a retrospective cross-sectional analysis of 6226
admissions of 5234 unique adult patients hospitalized at five
hospitals within the Johns Hopkins Health System, which is
composed of two academic and three community hospitals in
the Maryland/District of Columbia region, from January 1,
2015 to July 31, 2018. The study flowchart is shown in
Figure 1. A total of 993 395 POCG samples were collected
from 30 425 adult patient admissions with at least five POCG
readings during hospitalization. After excluding normogly-
cemic readings (BG >70mg/dL), the last POCG measure-
ment of admission (since the outcome of time-to-repeat BG
could not be ascertained), possibly spurious POCG readings
(defined as a BG >70mg/dL occurring within five minutes
of a hypoglycemic reading),"*' and POCG outliers (based
on manufacturer’s specified limits of detection of 10 to
600 mg/dL for the Nova StatStrip blood glucose monitoring
system used throughout the health system), we included 20
226 index hypoglycemic POCG values in the analysis. The
study was approved by the Institutional Review Board of the
Johns Hopkins School of Medicine.
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Figure 1. Study flowchart.
BG, blood glucose; POCG, point-of-care glucose.

Data Sources

Relevant clinical factors that can influence either glycemic
control or the perceived severity or acuity of a hypoglycemic
POCG reading were extracted from our health system’s com-
mon electronic health record, EpicCare (Epic Systems
Corporation), by the Johns Hopkins Clinical Analytics team.
Demographics, anthropometrics, admission and discharge
diagnoses, admitting service, medications, glucose data, and
diet orders were collected. The classification of diabetes type
was based on relevant International Classification of
Diseases (ICD)-9 and ICD-10 codes on the problem list, past
medical history, or admission diagnoses at the time of admis-
sion (supplemental Table S1). The primary discharge diagno-
sis was collected and reported according to the ICD code.
Since a patient could change locations during their hospital-
ization, admitting service was defined as to reflect the actual
location at the time of the index POCG value. A similar
approach was used for diet orders.

Exposure Variables

Several clinical and pharmacological exposures were
obtained as potential predictors of TTR. Insulin on board was
calculated based on the pharmacologic action of different
insulin types and the time of the last administered dose rela-
tive to the time of the index POCG value. Specifically, four
windows of 36, 24, 12, and 5hours, respectively, following
administration of subcutaneous insulins were considered to
reflect active insulin on board. These four windows were
used for, respectively, insulin degludec or U-300 glargine;
glargine U-100 or detemir; neutral protamine Hagedorn
(NPH)/regular 70/30 or NPH; and novolog or humalog.
Intravenous regular insulin, whether infused in isolation or
as a component of total parenteral nutrition, was considered
to be on board if the start and stop time of the infusion over-
lapped the index POCG time. Insulin on board was treated as
a binary variable if one or more units of subcutaneous or
intravenous insulin was on board.
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Oral secretagogues are rarely used in the inpatient setting
according to our inpatient glycemic management guidelines;
however, these medications are used for selected inpatients
and can contribute to hypoglycemia.”> We defined secreta-
gogue to be on board when the index POCG time overlapped
with the 24-hour window following administration of a sul-
fonylurea or meglitinide. Glucocorticoids can contribute to
significant hyperglycemia in the inpatient setting, but are
also a risk factor for hypoglycemia when tapered without a
concurrent reduction in the insulin dose.”** We collected
systemic glucocorticoid doses (hydrocortisone, prednisone,
prednisolone, methylprednisolone, and dexamethasone) and
considered these to be active if the time of index POCG over-
lapped with the pharmacological duration of action of the
specific glucocorticoid as follows: hydrocortisone (10 hours);
prednisone,  prednisolone, and  methylprednisolone
(24 hours); and dexamethasone (54 hours).”

Since the treatment of hypoglycemia can influence TTR,
we collected dextrose and glucagon data from the medication
administration record (MAR) and evaluated administration
of either or both following within 15minutes of the index
POCG value. The administration of oral glucose (eg, juice) is
not directly entered into our medication record by the health-
care team and we assumed that the treatment of hypoglyce-
mic episodes that did not include dextrose or glucagon would
have consisted of oral glucose administration per our health
system-wide hypoglycemia policies. Considering that the
availability of POCG monitoring devices in a given hospital
could influence TTR POCG, we collected information about
the number of glucometer devices and the number of glu-
cometer operators at each hospital to calculate a ratio of
operators per device. Of note, the nursing staffing models in
the five hospitals in our health system largely follow the
National Database of Nursing Quality Indicators (NDNQI)
benchmarks;?® however, there is some variability in the
nurse:patient ratio and nursing hours across and within hos-
pitals that is dependent on the available clinical support,
unique patient needs, and case mix index.

Previous studies have demonstrated a strong association
between the severity of hypoglycemia and TTR."'"** We
evaluated the index POCG as a continuous measure and as a
categorical variable according to the International
Hypoglycemia Study Group consensus statement as follows:
54 to 70mg/dL (mild/moderate) and 40 to 53 mg/dL (clini-
cally significant).”’” Consistent with other studies, we consid-
ered <40 mg/dL to be severe hypoglycemia.' The coefficient
of variation of POCG, a measure of glycemic variability, was
calculated as the standard deviation divided by the mean of
all POCG measurements from time of admission inclusive of
the index POCG value.

Outcome Variable

Time-to-repeat was defined as the difference in time (min-
utes) between the index POCG and the next POCG value.

First, we sought to compare the outcome of TTR =15 min-
utes compared to TTR > 15 minutes in order to evaluate pre-
dictors related to adherence to the strict hospital policy.
Then, we compared increasing time windows for TTR (16-
30, 31-45, 46-60, and >60 minutes) each against the control
of =15minutes to understand how clinical predictors vary
across increasing time windows relative to the treatment
standard. We are unable to assess the lag time between the
index POCG value and the treatment with oral glucose, since
our MAR and/or nursing flowsheets do not capture the
administration of oral glucose. Thus, we suspect that the 16-
to 30-minute window would more closely capture adherence
to the policy of treating and repeating POCG within 15 min-
utes as it would allow some time for treatment.

Given the possibility that repeated hypoglycemic POCG
measurements occurring within close succession represent a
single hypoglycemic episode,” which could influence the
situational awareness and responsiveness to each hypoglyce-
mic reading, we performed sensitivity analyses in which
repeated hypoglycemic POCG values occurring within
30minutes, 60minutes, 2hours, and the same day were
excluded in order to isolate the clinical response for distinct
hypoglycemic episodes.

Statistical Analysis

Descriptive statistics were used to summarize the character-
istics of the patient population at the admission level and at
the time of the index hypoglycemic POCG. Normality of
data were assessed using histograms and tests of skewness
and kurtosis. As all continuous measures were non-normally
distributed, medians and interquartile ranges (IQRs) are
reported. Univariate analyses were conducted with each of
the binary TTR outcome measures. For TTR =15 as an out-
come, the control was >15minutes. For each of the other
TTR outcome measures (eg, 16-30 and 31-45 minutes), the
control was TTR =15 minutes. The univariate analyses were
used to identify clinical factors that were significantly asso-
ciated with the outcome measures (supplemental Tables S2—
6). To evaluate differences in nonparametric continuous
variables by each outcome measure, the Wilcoxon signed
rank test was used. For categorical variables, the chi-square
test was performed.

Multivariable logistic regression models were developed
for the outcome measures: TTR =15, 16-30, 31-45, 45-60,
and >60minutes. Covariates identified from the univariate
logistic regression analyses (not reported) to have a P-value
<.1 or felt to be clinically relevant in the association between
hypoglycemia and the outcome were included in the multi-
variable logistic regression models. Robust standard error
estimates were determined using clustering analysis at the
unique patient admission level. Statistical analyses were per-
formed using Stata Statistical Software: Release 15 (College
Station, TX, United States). P < .05 was considered statisti-
cally significant.
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Table I. Patient Characteristics at Admission Level.

Factor Value
Patient admissions 6226
Total hypoglycemic POCG readings in 20 226
cohort
Hypoglycemic POCG readings per patient 2 (1-4)
admission, median (IQR)
Discharge diagnosis of hypoglycemia, n (%) 2057 (33.0)
Age (years), median (IQR) 63.0 (49.0-74.0)
Sex: Male, n (%) 2895 (46.5)
Race, n (%)
White 2924 (47.0)
Black 2519 (40.5)
Other 783 (12.6)
Body mass index (kg/m?), median (IQR) 26.8 (22.7-32.2)
Length of stay (days), median (IQR) 6.1 (3.5-11.7)
Hospital type, n (%)
Academic 3415 (54.9)
Community 2811 (45.1)
Diagnosis of diabetes at admission, n (%)
None 3606 (57.9)
Type | diabetes 197 (3.2)
Type 2 diabetes 2316 (37.2)
Other types 107 (1.7)
Primary discharge diagnosis, n (%)
Diseases of the circulatory system 971 (15.6)
Endocrine, nutritional and metabolic 966 (15.5)
diseases
Certain infectious and parasitic diseases 680 (10.9)
Injury, poisoning, and certain other 705 (11.3)
consequences of external causes
Neoplasms/blood diseases 393 (6.3)
Mental, behavioral, and 224 (3.6)
neurodevelopmental disorders
Diseases of the nervous system 200 (3.2)
Diseases of the respiratory system 329 (5.3)
Diseases of the digestive system 522 (8.4)
Diseases of the musculoskeletal system 253 (4.1)
and connective tissue
Diseases of the genitourinary system 320 (5.1)
Other 654 (10.5)

Abbreviations: IQR, Interquartile range (25th-75th percentile); POCG,
point of care glucose.

Results

The characteristics of the patients who experienced at least
one hypoglycemic POCG reading during admission (N =
6226) are shown in Table 1. The population consisted of
older, predominantly white patients with a slight female pre-
dominance. Despite the higher total bed size of the two aca-
demic hospitals combined (1625 beds), compared to the
three community hospitals combined (784 beds), the preva-
lence of hypoglycemia was not proportional to bed size, sug-
gesting higher overall rates of hypoglycemia in community

hospitals. The majority of hypoglycemic episodes (57.9%)
occurred in patients who did not have diabetes (ie, spontane-
ous hypoglycemia), followed by type 2 diabetes (37.2%) and
type 1 diabetes (3.2%). Hypoglycemia was documented as a
discharge diagnosis in only 2057 (33%) of the index hypo-
glycemic readings. At the academic hospitals, there were 544
POCGs used by 6650 operators; at the community hospitals,
there were 157 POCGs used by 2846 operators. Accordingly,
the ratios of operators per glucometer at the academic and
community hospitals were 12.2 and 18.1, respectively.

Table 2 shows patient and admission characteristics for
the index hypoglycemic POCG readings (N = 20 226). The
majority occurred on medicine (30.6%), surgery (15.4%), or
ICU (20.7%) services. There was a relatively even distribu-
tion of diet types, with approximately one-third each receiv-
ing NPO, carbohydrate controlled, and regular diets. There
was a low prevalence of glucocorticoid use (6.8%). Insulin
was on board for approximately (38%) of hypoglycemic
readings. Consistent with clinical practice guidelines,'" very
few (3.5%) of patients were on oral secretagogues at the time
of hypoglycemia.

The median (IQR) hypoglycemic value was 61 (52-67)
mg/dL, with 71.7%, 19.5%, and 8.8% occurring within the
mild/moderate, clinically significant, and severe hypoglyce-
mic categories, respectively. There was a very high preva-
lence of antecedent hypoglycemia in relation to the index
POCG, with nearly 70% having had a prior POCG =70 mg/
dL. There was substantial glycemic variability prior to the
index event, with the median (IQR) coefficient of variation
0f 0.4 (0.3-0.5).

Despite health-system wide policies recommending TTR
within 15minutes of hypoglycemia treatment, the median
(IQR) TTR was 49 (25-119) minutes. The median (IQR)
TTR for 54-60, 40-53, and <40mg/dL were 63 (31-157), 32
(18-59), and 20 (7-36) minutes, respectively. Of the 20 226
index hypoglycemic events, 2853 (14.1%) had a TTR
=15minutes. Dextrose, glucagon, dextrose, and/or glucagon
were administered within 15 minutes following 5.8%, 0.3%,
and 6.1% of index POCG readings, respectively.

Figure 2 shows the adjusted odds ratios (aORs) for each
of the clinical factors with TTR =15 minutes. Variables most
strongly associated with this outcome measure were severity
of index POCG value, with severe and clinically significant
hypoglycemia being associated with 7.09 (95% CI, 6.19-
8.12) and 2.89 (95% CI, 2.60-2.3.22) higher aORs, respec-
tively, compared to mild/moderate hypoglycemia. Admission
to ICU, intermediate care (IMC), and pediatric services was
associated with aORs of 1.40 (95% CI, 1.22-1.62), 1.42
(95% CI, 1.20-1.68), and 1.76 (95% CI, 1.04-3.00), respec-
tively, compared to medical service. Admission to a proce-
dural unit was strongly associated with lower adherence to
TTR =I15minutes (aOR 0.41; 95% CI, 0.22-0.75). The
administration of dextrose and/or glucagon was also associ-
ated with aOR of 1.18 (95% CI, 1.02-1.38). Variables associ-
ated with lower odds of adherence to the TTR =15 minutes



530

Journal of Diabetes Science and Technology 14(3)

Table 2. Patient Characteristics at Time of Index Hypoglycemic
Point of Care Glucose Readings.

N = 20 226 index

Factor POCG samples

Admitting service at time of BG results, n (%)

Medicine 6176 (30.6)
Emergency room 2485 (12.3)
Intensive care unit 4175 (20.7)
Intermediate care unit 2238 (I1.1)
Labor and delivery/obstetrics 723 (3.6)
Pediatrics 231 (1.1)
Psychiatry 477 (2.4)
Operating room 308 (1.5)
Procedural 243 (1.2)
Surgery 3114 (15.4)
Diet, n (%)
Regular diet 5770 (28.5)
Carbohydrate controlled 5322 (26.3)
NPO or clear liquid 5947 (29.4)
Other or unknown 3187 (15.8)
Medications on board, n (%)
Glucocorticoid 1382 (6.8)
Insulin 7674 (37.9)
Secretagogue 702 (3.5)
Hypoglycemia treatment medications,” n (%)
Dextrose oral gel 50 (0.2)
Dextrose IV 1129 (5.6)
Glucagon IM 52 (0.3)
Dextrose and/or glucagon 1227 (6.1)
POCG summary measures
Index POCG value, mg/dL, median 61 (52-67)
(IQR)
Any previous POCG =70 mg/dL 14 090 (69.7)
during admission, n (%)
Previous POCG value, median (IQR) 81.0 (64.0-111.0)
Admission coefficient of variation of 0.4 (0.3-0.5)
POCG, median (IQR)
Index hypoglycemic category, n (%)
54-70 mg/dL 14507 (71.7)
40-53 mg/dL 3954 (19.5)
<40mg/dL 1765 (8.7)
Outcome measure
Time-to-repeat POCG, min, median 49 (25-119)

(IQR)

Abbreviations: BG, blood glucose; IQR, Interquartile range (25th-75th
percentile); IM, intramuscular; 1V, intravenous; NPO, nil per os; POCG,
point of care glucose.

*Within 15 minutes of index POCG value.

were admission to a procedural unit, surgery, and labor and
delivery, with 60%, 30%, and 65% lower aORs compared to
medicine, respectively. Admission to a community hospital
was associated with a 42% lower odds ratio compared to aca-
demic hospitals. There was a nonsignificant trend (P = .051)
in patients who were NPO or on a clear liquid diet at the time
of the index event (aOR 1.39; 95% CI, 1.00-1.30).

Figure 3 shows the adjusted association of each of the
clinical predictors with increasing time windows relative to
TTR =15 minutes as the control. Index hypoglycemic cate-
gory, hospital type, and admitting service were strongly asso-
ciated with all TTR outcome measures. Diabetes type, insulin
on board, and treatment with dextrose and/or glucagon were
associated with some, but not all, TTR outcome measures.
Not surprisingly, severity of hypoglycemia was the strongest
predictor of TTR, with a direct relationship between POCG
value and increasing TTR. Compared with mild/moderate
hypoglycemia, the aORs of severe hypoglycemia for the
TTR outcomes of 16-30, 31-45, 46-60, and >60minutes
were 0.35 (95% CI, 0.30-0.41), 0.20 (95% CI, 0.17-0.24),
0.14 (95% CI, 0.11-0.17), and 0.05 (95% CI, 0.04-0.06),
respectively. Clinically significant hypoglycemia was also
strongly associated with all TTR outcome measures, with
aORs ranging from 0.20 to 0.64 compared to mild/moderate
hypoglycemia. Hospital type was also a strong predictor,
with increasing aORs observed with increasing TTR win-
dows. Compared to academic hospitals, admission to a com-
munity hospital was associated with aORs of 1.25, 1.50,
1.77, and 2.21, respectively, for TTR 16-30, 31-45, 46-60,
and >60minutes. Generally, admission to the IMC or ICU
was associated with lower aORs for each of the TTR out-
comes compared to medical services, while admission to a
procedural unit was directly associated with increasing TTR
windows (TTR >60minutes: aOR 3.27; 95% CI,
1.66-6.44).

Interestingly, we did not observe a clear association
between diabetes type and the increasing TTR windows.
Relative to the control of TTR =15 minutes, insulin on board
was associated with a higher odds of TTR of 16 to 30 minutes
(1.26; 95% CI 1.10-1.45), but lower odds of TTR >60min-
utes (0.76; 95% CI, 0.65-0.88). With respect to nutritional
status at the time of the index event, NPO or clear liquid diet
was associated with a lower aOR for TTR >60minutes
(0.77; 95% CI, 0.66-0.90). Nutritional status was otherwise
not associated with the other TTR outcome measures.
Relative to TTR =15 minutes, the administration of dextrose
or glucagon was associated with higher aOR for TTR 16 to
31 minutes (1.28; 95% CI, 1.08-1.51) and TTR 31 to 45 min-
utes (1.28; 95% CI, 1.06-1.55), and lower aOR for TTR 46 to
60 minutes (0.71; 95% CI, 0.54-0.91) and TTR >60 minutes
(0.36; 95% CI 0.28-0.46).

The results of our sensitivity analyses, which excluded
repeated hypoglycemic POCG measurements within varying
time windows relative to the index event for all of the TTR
outcome measures, demonstrated similar findings and did
not substantially change the inferences of our analyses (sup-
plemental Figures S1-8).

Discussion

In this study, we found that there was generally low adher-
ence to the hospital policy to promptly repeat a POCG
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Demographics
Age (years) —
Male —

Hospital type
Acadenic (ref) —
Community —
Admitting service
Medicine (ref.) —
ER —
icu H
M —|
L&DI0B —|
Pediatrics —
Psychiatry |
oR |
Procedural —
Surgery —|
Diet
Regular dief (ref) —
Carbohydrate controlled —
NPO or clear liquid —]
Other or unknown —]
Diagnosis of diabetes
None (ref ) —
Type 1 —
Type 2 —
Other types —|
Medications
Insulin on board —]
Secretagogue on board —|
Dextrose/Glucagon given —]
POCG measures
Previous POCG value mg/dl —
Admission CV of POCG —
Index hypeglycemic category
54-70 mg/di (ref.) —
40-53 mgidl —|
<40 mgidi —|

.25 1 2

4
Odds Ratio

T T
5 6

Figure 2. Adjusted odds ratio of TTR =|5minutes by patient and hospital characteristics.
CV, coefficient of variation; ER, emergency room; ICU, intensive care unit; IMC, intermediate care unit; L&D/OB, labor and delivery/obstetrics; NPO, nil
per os; OR, operating room; POCG, point of care glucose; TTR, time-to-repeat.

Demographics
Age (years) —
Male —|
Hospital type
Academic (ref) =1
Community —
Admitting service
Medicine (ref ) —
ER —|
icu —
e —
L&D/OB |
Pediatrics —]
Psychiatry —
or |
Procedural —
Surgery —|
Diet
Regular diet (ref) —
Carbohydrate controlled —]
NPO or clear liquid =
Other or unknown —|
Diagnosis of diabetes
None (ref.) =
Type 1 —
Type2
Other types —|
Medications
Insulin on board —
Secretagogue on board —|
Dexrose/Glucagon given —|
POCG measures
Previous POCG value mg/di —|
Admission CV of POCG —]
Index hypoglycemic category
54-70 mgid (ref ) —|
40.53 mgidi —

<40 mo/di

N
al
=

3
Odds Ratio

¢ TTR 16-30 min
* TTR 46-60 min

¢ TTR 31-45 min
¢ TTR >60 min

Figure 3. Adjusted odds ratios of increasing TTR windows by patient and hospital characteristics.

CV, coefficient of variation; ER, emergency room; ICU, intensive care unit; IMC, intermediate care unit; L&D/OB, labor and delivery/obstetrics; NPO, nil
per os; OR, operating room; POCG, point of care glucose; TTR, time-to-repeat.
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following hypoglycemia treatment, with only approximately
14% having TTR within 15minutes. Even when allowing
Sminutes for treatment and 15 minutes for repeat, only 20%
of index POCGs had a TTR within 20 minutes. The median
(IQR) TTR was 49 (25-115) minutes. In this regard, our find-
ings align with the previous studies showing very low rates
of adherence to this component of the hypoglycemia treat-
ment protocol for hospitalized patients."*'® A study from the
United Kingdom conducted from 2008 to 2013 found 8.9%
had a repeat POCG within 15minutes and a median (IQR)
TTR of 80 (36-249) minutes,"” indicating even lower rates of
adherence compared to our US based study. Another study
found that only 9% of patients had a TTR within 10 to
20 minutes of a hypoglycemic episode.'®

As we had hypothesized, the severity of hypoglycemia
was a strong predictor of TTR. When moving from catego-
ries of mild/moderate to clinically significant to severe hypo-
glycemia, the median TTR declined from 63, 32, to
20 minutes, respectively. While it is difficult to directly com-
pare our results to other studies given variability in defini-
tions of severe hypoglycemia, this pattern of shorter TTR
with declined BG values has been observed in other hospital
settings. Bilhimer et al found that the TTR was 12 (IQR
6-27.8) minutes in emergency department patients with BG
=50mg/dL.*® Deetz et al found that critical action value glu-
cose readings (<45mg/dL) in the inpatient setting were fol-
lowed by a median TTR of ~17 minutes."*

We did not confirm our hypothesis that insulin therapy,
diagnosis of diabetes, and NPO status would be strong pre-
dictors of TTR. We did, however, identify other factors that
we had initially suspected to be related to TTR, such as hos-
pital type and admitting service. For the outcome of TTR
=15minutes, the most important factors were severity of
hypoglycemia, hospital type, admitting service, and treat-
ment with IV dextrose and glucagon. Severe hypoglycemia
(POCG <40mg/dL) was the strongest predictor, with seven-
fold higher odds of TTR =15 minutes.

We found lower odds of TTR =15 minutes in community
hospitals compared to academic hospitals. This finding was
somewhat unexpected and may reflect less centralized glu-
cose management programs and nursing education around
the topic of hypoglycemia compared to large academic medi-
cal centers. In our academic hospitals, we have dedicated
inpatient diabetes management services, which provide not
only direct patient care but also extensive education and out-
reach to nursing staff**° regarding hypoglycemia prevention
and management. At our community hospitals, most inpa-
tients are managed by hospitalists who may have less exper-
tise compared to inpatient diabetes specialists in adjusting
insulin to prevent hypoglycemia. Accordingly, higher overall
rates of hypoglycemia in our community hospitals may lead
to lower rates of adherence to the hypoglycemia treatment
policy. An alternative explanation may be that the higher
ratio of operators per glucometers at the community hospital

(a reflection of resources) resulted in delays in obtaining a
POCG device in a timely fashion.

Not surprisingly, admission to intensive care or interme-
diate care units was associated with higher adherence to TTR
=15 minutes. The nurse-to-patient ratio in intensive care and
intermediate care units may explain the shorter TTR on these
admitting services, as well as greater severity of illness and
acuity overall (which were not directly measured in this
study). The finding of longer TTR in obstetrics may reflect
perceived physiological response of hypoglycemia during
labor or in the peripartum period. Notably, obstetrical patients
with hypoglycemia are excluded from our hospital-wide
hypoglycemia policy and are managed by a specific unit-
based glucose management protocol. We also found signifi-
cantly lower adherence to TTR =15 minutes in our procedural
units, which included pre-operative units and interventional
radiology units. The reason for this is not readily apparent.
One explanation may be competing nursing-related tasks and
priorities for these patients who are often followed for shorter
periods of time compared to inpatients on medical or surgical
units. There could also be differential training on the hypo-
glycemia policy delivered to procedural or pre-op nurses
compared to floor nurses.

Even after adjustment for severity of hypoglycemia,
administration of dextrose or glucagon was independently
associated with TTR =15 minutes, which may be related to
(a) nursing perception that hypoglycemia may be corrected
more quickly with dextrose or glucagon compared to oral
glucose or (b) the fact that patients who are unable to take
oral glucose may be perceived to be sicker and/or deemed to
be at higher risk from hypoglycemia. As we were unable to
determine whether patients were symptomatic or neurocog-
nitively impaired at the time of the hypoglycemic episode, it
is possible that the use of dextrose/glucagon is a marker of
symptomatic hypoglycemia. In our analyses using increasing
TTR windows, we identified insulin use and nutritional sta-
tus to be associated with some but not all outcomes.
Generally, our findings support the observation that insulin
use or being NPO is associated with lower odds for longer
TTR, consistent with the perception that such clinical factors
would confer greater risk for persistent or progressive hypo-
glycemia if untreated.

Considering that the neuroadrenergic signs and symptoms
of hypoglycemia can develop quickly with declining BG,
there are multiple potential negative implications of delayed
TTR in the hospital (eg, cognitive impairment, patient dis-
tress, dissatisfaction, arrhythmias, and seizures).”! Further
qualitative studies using structured interviews or focused
group sessions could be conducted to better understand
whether and how nurses consider patient clinical factors
when determining the timing of their response to hypoglyce-
mia, and/or whether systems’ factors (eg, staffing constraints)
play a role in their ability to respond promptly. Since the cur-
rent inpatient guidelines recommend prompt treatment of



Abusamaan et al

533

hypoglycemia,”'*'? quality improvement interventions are

needed to increase awareness and nursing education about
the importance of adhering to a TTR within 15 minutes of
treatment.”> Another potential approach would be to use
automated computerized alarms to page nurses within
15minutes following a hypoglycemic POCG. Since the
nurse would already be aware of the hypoglycemic reading,
such an alert would improve adherence not by creating situ-
ational awareness, but rather by providing time tracking sup-
port, which is useful for a busy nurse managing multiple
patients with competing priorities.

To our knowledge, we are not aware of any studies that
have systematically evaluated clinical predictors of TTR in
hypoglycemic hospitalized patients. The strengths of this
study include the large sample size across multiple academic
and community hospitals in a health system, which increases
the generalizability of these findings. By processing the
medication administration data around pharmacological
duration of action of insulin and glucocorticoids, we were
able to assess the presence of active medications at the time
of the index hypoglycemic event. We were also able to assess
nutrition status in relation to the index event. Our sensitivity
analyses attempted to address the issue of repeated low
POCGs as part of a single clinically relevant hypoglycemic
episode. The main limitation of this retrospective study was
the absence of administration information regarding oral glu-
cose, which required us to make an assumption about the
time required to treat prior to repeat POCG. We did not have
a data about severity of illness score; however, we believe
that admitting service can be used as a proxy. We were not
able to confirm the source of blood for the POCG (eg, capil-
lary, venous, and arterial), which may introduce some vari-
ability in sample measurement™; however, we anticipate that
the vast majority of POCG samples are indeed fingerstick
capillary samples. Finally, although our nursing staffing
models are based on national benchmarks and are generally
consistent throughout our five hospitals, we were unable to
obtain information regarding nursing-to-patient or nursing
hours by patient acuity to evaluate whether nurse staffing
was directly associated with our outcome.

Conclusion

There is low adherence to the recommendation to repeat a
POCG within 15 minutes of a hypoglycemic reading in hos-
pitalized patients. Hospital factors and severity of hypogly-
cemia appear to be strongest predictors of TTR. Further
studies involving front-line staff may be needed to better
understand how and why these factors are related to TTR,
and whether increased TTR is associated with adverse patient
outcomes.
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