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Abstract

hypoglycemia.

medical literature.

is the only available.

Background: Inpatient hyperglycemia is associated with adverse outcomes in hospitalized patients, with or without
known diabetes. The adherence to American College of Endocrinology and American Diabetes Association guide-
lines recommendations for inpatient glycemic control is still poor, probably because of their complexity and fear of

Objective: To create software system that can assist health care providers and hospitalists to manage the insulin
therapy orders and turn them into a less complicated issue.

Methods: A software system was idealized and developed, according to recommendations of major consensus and

Results: HTML software was developed to be readily accessed from a workstation, tablet or smartphone. Standard
initial daily total dose of insulin was 0.4 units/kg and could be modified by distinct factors, such as chronological age,
renal and liver function, and high dose corticosteroids use. Insulin therapy consisted of basal, prandial and correc-
tion insulin according to nutritional support, glycemic control and outpatient treatment for diabetes. Human insulin
or insulin analogues could be options for insulin therapy. Sensitivity factor was based on 1800 Rule for rapid-acting
insulin and the 1500 Rule for short-acting insulin. Insulin-naive patients with initial BG level less than 250 mg/dL
were considered to have an initial step-wise approach with prandial and correction insulin. The calculator system has
allowed insulin dose readjustments periodically, according to daily average blood glucose measurements.

Conclusion: We developed software that can be a useful tool for all public hospitals, where generally human insulin

Keywords: Diabetes mellitus, Hyperglycemia, Hospitalization, Insulin

Brief report

Inpatient hyperglycemia is associated with adverse clini-
cal outcomes in hospitalized patients, with or without
known previous diabetes mellitus (DM), including pro-
longed hospital stay, infection, disability after hospital
discharge, death and higher health care costs [1-4]. Even
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in patients without DM, hyperglycemia may be an acute
manifestation of critical and surgical illness that results
from the metabolic and hormonal changes, in response
to injury and stress [2].

The American College of Endocrinology (ACE) and
the American Diabetes Association (ADA) Task Force
on Inpatient Glycemic Control recommend fasting blood
glucose (BG) level less than 140 mg/dL (7.8 mmol/L) and
a random BG@G level less than 180 mg/dL (10.0 mmol/L),
without excess hypoglycemia, for the majority of non-
critically ill patients treated with insulin. In order to avoid
hypoglycemia, readjustments in the insulin regimen
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were considered if BG levels decline below 100 mg/dL
(5.6 mmol/L). It was suggested for BG testing: before
meals and at bedtime in patients who were eating, or
every 4—6 h in patients who were receiving nothing by
mouth (nil per 0s—nPO) or receiving continuous enteral
feeding [4]. Despite the fact that many studies have
shown solid evidence in support of inpatient glycemic
control, BG control remains deficient and overlooked [2].

Subcutaneous insulin is the preferred therapeutic agent
for BG control in hospitalized patients in non-critical
care setting [2, 5, 6]. The sliding scale insulin (SSI) is the
most commonly chosen insulin therapy regimen. How-
ever, this regimen results in great glycemic variability
with undesirable levels of hypoglycemia and hyperglyce-
mia [5]. Clinical practice guidelines have recommended
the use of insulin regimen with combined basal and short
or rapid-acting insulin (basal bolus approach) as the pre-
ferred insulin regimen for the management of hypergly-
cemia in hospitalized patients in non-critical care setting.
Basal bolus insulin therapy based on BG results is safe
and efficacious in the management of inpatient hypergly-
cemia [11].

Despite the benefits of a basal bolus regimen in improv-
ing glycemic control in non-critically ill patients, many
health care providers are still reluctant to integrate this
approach into their clinical practice, probably because of
its complexity and a fear of hypoglycemia. Moreover, the
management of diabetes in the hospital is generally con-
sidered less important compared with the condition that
prompted admission and clinical inertia rules in glycemia
management in the hospital [7-9]. In Brazil, the inpatient
BG management is also deficient, whereas DM is the fifth
most common reason for hospitalizations and ranked
among the 10 major causes of mortality [3]. Recently, we
analyzed 368 hospitalized patients at Hospital das Clini-
cas da Faculdade de Medicina da Universidade de Séo
Paulo and 23 % of patients had previous diagnosis of dia-
betes mellitus, but only 1 % of them had received basal-
bolus as insulin therapy regimen [10].

There is still a lack of clinical studies on the use of
neutral protamine Hagedorn (NPH) and regular insu-
lin (available in public health care system in Brazil) for
inpatient treatment of hyperglycemia. Most of prospec-
tive randomized studies used insulin analogues as insu-
lin therapy for hospitalized patients. Randomized studies
showed that a basal bolus regimen with insulin analogues
resulted in equivalent glycemic control and frequency of
hypoglycemia compared to treatment with human insu-
lin. The number of episodes of hypoglycemia less than
40 mg/dL was low in both groups, but not statistically
significant higher in the group with NPH and regular
insulin [11, 12].
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The relationship between hyperglycemia and hospital
outcomes is well-established [8] and major consensus
recommends that insulin therapy should be prescribed
for all patients with hyperglycemia, preferentially with
basal-bolus regimen. Accordingly, we previously imple-
mented a paper-based glycemic control protocol in hos-
pitalized patients that works with flowcharts and tables,
the same way as most of hospitals has done. Because of
the adherence had been still low, we idealized a software
program that could assist the health care providers and
hospitalists to manage the insulin therapy orders in the
hospital setting and turn them into a less complicated
issue. The software was developed as an HTML appli-
cation that can be readily accessed through a network
using a workstation, tablet or smartphone. It could be
run on Windows PC, Macintosh, iOS or Android devices
(Figs. 1, 2).

In this new software system, glycemic targets were
defined according to ACE/ADA guidelines. Average BG
between 100 and 140 mg/dL was defined as target for the
non-critically ill-patients BG control.

The category dose insulin was defined to become
easier to remind the total daily dose of insulin (TDDI).
The standard TDDI was 0.4 units/kg and was defined as
insulin dose category number ‘8°. One category could
be increased or decreased by 0.05 units/kg, according
to modifier factors described ahead. A lower category
dose was considered for patients at risk of hypoglyce-
mia, such as elderly patients or those with renal or liver
impairment. Higher dose was considered for patients
with higher insulin resistance, such as obese patients or
those in use of high dose of corticosteroids [9, 13]. Every
modifier factor could affect the insulin dose category
independently and the final category was defined accord-
ing to their combination. BG testing was recommended
before meals and at bedtime in patients who were eating,
or every 6 h in patients who were receiving nothing by
mouth (nil per 0s—NPO) or receiving continuous enteral
feeding (Fig. 1).

Scheduled subcutaneous insulin therapy consisted of
the following components: basal insulin administered as
NPH insulin twice or three times a day or glargine and
detemir insulin once a day; and prandial and correc-
tion insulin administered as short-acting (regular) or
as rapid-acting insulin (lispro, aspart, glulisine) prior to
major meals (breakfast, lunch and dinner) or four times
a day (every 6 h), if NPO or with enteral feeding. Hyper-
glycemic or DM patients who were eating received about
50 % of the TDDI as basal insulin and 50 % as prandial
(or nutritional) insulin in divided doses administered
with major meals (basal-bolus regimen). Correction dose
was combined with prandial insulin dose to compensate
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InsulinAPP

Mobile Version
INITIAL inpatient evaluation - Hospitalized Patients in Non-Critical Setting.
Protocol is valid for patients with oral nutritional intake or NPO.

Patient Information:

O Male
Sex
Female
Age 40 years old
Weight & kg
Height 180 cm
BMI 24,7 kg/m?
Initial Blood Glucose fingerstick test (at least fasting 200 mg/dL

for 3 hs):

Modifier Factors Influencing Daily Total Insulin Dose:

High dose corticosteroid therapy No [JRCH
(>7.5 mg of prednisone)

Severe liver failure

Pancreatitis

Clinical worsening

Serum creatinine | iy mg/dL

CKD-EPI: 94mL/min/1.73m*

Fasting

Nutritional Intake

O oral

Previously known Diabetes mellitus? Yes

Outpatient treatment of diabetes:

Is the patient well-controlled with diabetes in No BB
outpatient follow-up?*

Oral antidiabetic agents?

Daily insulin use?

* Recommended glycemic targets for nonpregnant adults with diabetes: A1C <7.0%, Preprandial
capillary plasma glucose between 80 and 130mg/dL and Peak postprandial capillary plasma
glucose <180mg/dL.

Inpatient Insulin Treatment

© Regular
Lispro

Bolus (short-acting ou rapid-acting) Insulin

Aspart

Glulisine

Insulin Order

Fig. 1 Screenshot of the application showing an example of initial management of patient with hyperglycemia and the respective prescription

InsulinAPP

Mobile Version
Inpatient INITIAL Insulin Order - Hospitalized Patients in Non-Critical
Setting

Actual Category*: 8
*PRINT OR REGISTER THIS CATEGORY NUMBER IN
"THE CHART - It will be useful to adjust insulin doses in
the next days!

Discontinue all anti-hyperglycemic agents, except insulin.

1) Check BG fingerstick before meals and at bedtime.
4

INSULIN ORDER SET:

2) Regularinsulin , SQ, before breakfast, before lunch and before
dinner, according to table below (mg/dL):

Z 4

Category*: 8
Lower than 70: Hypoglycemic Orders;
70 - 100: 41U;
101-140:51U;
141-190: 6 1U;
191-240:71U;
241-290: 81U;
291-340: 9 1U;
341-390: 10 1U;
391 - 440: 11 1U;
441 -490: 121U;
Over 490:131U;

3)Subcutaneous regular insulin at 10PM, SC, according to BG at 10PM:

Less than 100mg/dL: Offer snack;
261 to 350mg/dL: 2 IU;
More than 350mg/dL: 4 U

4

HYPOGLYCEMIC ORDERS (BG <70mg/dL)
1)If patient is alert and can tolerate oral intake:

Give 15 grams of fast acting carbohydrate (e.g. one tablespoon of sugar dissolved in
water). Check fingerstick BG q 15 minutes and repeat above treatment until BG > 100
mgldL.

2) If patient not alert or CANNOT tolerate oral intake AND peripheral
i line.
[Rdminister 40 mL of Dextrose 50% by IV push. Check fingerstick BG q 5 minutes and repeat
fabove treatment until BG > 100 mg/dL.

3)If patient not alert or CANNOT tolerate oral intake AND NO
PERIPHERAL INTRAVENOUS LINE:
dminister 1 mg glucagon heck fingerstick BG q 5 minutes, recheck
[consciousness level and repeat above treatment until BG >70mg/dL, unless consciousness level
[was recovered o peripheral venous access was obtained.

Diagnosis of hyperglycemic emergencies
1)If Blood Glucose more than 250mg/dL:
[Beware of diabetic. Rule out ketonemia ( measured by a reagent st
urine dips ) AND acidosis (arterial blood gases) . If positive, notify the physician on call
land consider to start institucional protocol for treatment of diabetic emergencies.

2)If Blood Glucose more than 500 mg/dL:
[Beware of hyperosmolar hyperglycemic nonketotic syndromel Notify the physician on call and
onsider to start an IV insulin drip.

Request a hemoglobin A1c test*
Hemoglobin A1c if not permormed within the last 3 months.

IReassess the insulin therapy, clicking on the option 'Follow-up' at
InsulinAPP Menu Screen after 24 hours.

" “PRINT OR REGISTER THIS CATEGORY NUMBER IN
Actual Category™: 8 THE CHART - It will be uselul o adjust insulin doses in
p the next days!

for hyperglycemia before meals. Patients who were not
eating (at NPO status) were considered to receive basal
(50 % of the TDDI) and correction-dose insulin, as well
called basal plus regimen [14]. The prandial insulin dose
was withdrawn. Patients who were insulin-naive or in use
of outpatient insulin treatment with total daily dose less
than 0.2 IU/kg, and initial BG level less than 250 mg/dL
(14.4 mmol/L), an initial step-wise approach was consid-
ered with prandial insulin and correction dose (Fig. 3).

After revaluation in 24—48 h, basal insulin was included
if average BG has been more than 180 mg/dL [15]. To cal-
culate the sensitivity (or correction or supplemental) fac-
tor and consequently correction insulin-dose, the 1800
Rule for rapid-acting insulin, and the 1500 Rule for short-
acting insulin were used [16].

Patients that were eating and had hyperglycemia at
bedtime, supplemental rapid or short-acting insulin was
recommended as follow: two units for BG 250—350 mg/
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InsulinAPP

Mobile Version
FOLLOW-UP OF BLOOD GLUCOSE - ADJUSTING INSULIN DOSE

LAST INSULIN DOSE CATEGORY .
Z

First Follow-up Assessment?

= -

BG before meals or q 6 hours within the last 24-48 hours:

h 200 |l
3 185 |grL Hypoglycemia? NO
b 196 | ‘Average BG (mgldL): 198
e 20| o Hyperglycemia (>180mg/dL)? YES
ls IngiaL Hyperglycemia (>250mg/dL)? NO
3 Img/dL
4 gl
B gl

Adjusting Insulin Therapy
1) GOOD GLYCEMIC CONTROL? No

2) GLYCEMIC VARIABILITY?

N

3) TOO HIGH BLOOD GLUCOSE LEVEL (More than %
250mg/dL)?

Actual Patient Prescription Information

Was Basal Insulin prescribed in the latest order set? Yes n
kg

= -

Modifier Factors Influencing Daily Total Insulin Dose:

Previous diagnosis of diabetes mellitus. No

Rapid decline in renal filtration function Yes

|Actual patient weight

[Actual nutritional intake

NEW High dose corticosteroid therapy Yes

* Consider YES if only patients were not in use of

Inpatient Insulin Treatment

© Regular

Lispro
Bolus (short-acting ou rapid-acting) Insulin
Aspart

Glulisine

O NPH
Basal Insulin Glargine

Detemir

of insulin regimen or dose

Adjusting Insulin Dose

InsulinAPP

Mobile Version

FOLLOW-UP EVALUATION OF BLOOD
GLUCOSE - ADJUSTING INSULIN DOSE

Actual Category*: 8
*PRINT OR REGISTER THIS CATEGORY NUMBER
IN THE CHART - It will be useful to adjust insulin
doses in the next days!

4

Blood Glucose (BG) Fingerstick monitoring:

1) Check BG fingerstick before meals and at bedtime.

InsulinOrder Set:

1) NPH Insulin, 51U, SQ, before breakfast, before lunch and at

10 P.M.
4

2) Regular Insulin , SQ, before breakfast, before lunch and
before dinner, according to table below (mg/dL):

Category*: 8

Lower than 70: Hypoglycemic Orders;
70 - 100: 41U;

101 -140: 5 1U;

141 -200: 6 1U;

201-260:71U;

261-320:81U;

321-380:91U;

381 -440:101U;

441 -500: 11 1U;

Over 500: Notify the physician on call.

3)Subcutaneous regular insulin at 10PM, SC, according to BG
at 10PM:

Less than 100mg/dL: Offer snack;
261 to 350mg/dL: 2 1U;

Over 350mg/dL: 4 IU .,

HYPOGLYCEMIC ORDERS (BG <70mg/dL)

1)If patient is alert and can tolerate oral intake:

Give 15 grams of fast acting carbohydrate (e.g. one tablespoon of sugar dissolved in
water). Check fingerstick BG g 15 minutes and repeat above treatment until BG > 100
mgldL.

2) If patient not alert or CANNOT tolerate oral intake AND
peripheral intravenous line:

[Administer 40 mL of Dextrose 50% by IV push. Check fingerstick BG q 5 minutes and
repeat above treatment until BG > 100 mg/dL.

3) If patient not alert or CANNOT tolerate oral intake AND NO
PERIPHERAL INTRAVENOUS LINE:

[Administer 1 mg glucagon intramuscularly. Check fingerstick BG q 5 minutes, recheck

lconsciousness level and repeat above treatment until BG >70mg/dL, unless consciousness

level was recovered or peripheral venous access was obtained.

Diagnosis of hyperglycemic emergencies

1)If Blood Glucose more than 250mg/dL:

[Beware of diabetic ketoacidoss! Rule out Ketonemia ( measured by a reagent strip) or
etonuria (urine dipstick test) AND acidosis (arterial blood gases) . If positive, consider to

fstart institucional protocol for treatment of diabetic emergencies.

2)If Blood Glucose more than 600 mg/dL:
Beware of hyperosmolar hyperglycemic nonkelolic syndromel Consider 1o Start an 1V
insulin drip.

Further blood glucose assessment and insulin therapy

follow-up

Reassess the insulin therapy, clicking on the option
‘Follow-up' at InsulinAPP Menu Screen after 24-48 hours.

Fig. 2 Screenshot of the application showing an example of follow-up of blood glucose measurements and the respective prescription with adjust

dL (13.9-19.4 mmol/L) and four units for BG more than

350 mg/dL (more than 19.4 mmol/L). A randomized trial ~ [17].

of insulin supplementation for correction of inpatient
bedtime hyperglycemia didn’t show that bedtime insu-
lin dose to correct mild and moderate hyperglycemia
(less than 350 mg/dL) in patients under basal-bolus regi-
men was not associated with significant improvement in

glycemic control or frequency of hypoglycemia episodes

Some safety alerts were associated with the program to
help to recognize diabetes emergencies. It has been avail-
able specific orders for hypoglycemia episodes, including
glucagon use if patient was not alert and with no periph-
eral intravenous line. If any blood glucose measurement
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Inpatient Management of Hyperglycemia

|

Initial Subcutaneous Insulin Therapy

/\

AND
Initial Blood Glucose <250mg/dL

Insulin-naive or outpatient single-dose insulin

Outpatient multiple-dose insulin
OR
Initial Blood Glucose >250mg/dL

Oral Nutritional
Intake

Prandial +
Correction
Insulin

Correction
Insulin

Basal Plus
Regimen

Basal-Bolus
Regimen

NPO Oral Nutritional
Intake
l U
Basal Plus Basal-Bolus
Regimen Regimen

STEP-WISE APPROACH

Fig. 3 Initial insulin therapy for hyperglycemia in hospitalized patients. Insulin therapy regimen was chosen according to initial blood glucose, out-
patient diabetes treatment and nutritional support. A step-wise approach was considered for patients who were insulin-naive, in use of outpatient
single-dose insulin treatment and with initial BG level less than 260mg/dL

has been more than 250 mg/dL, a message to rule out
diabetes ketoacidosis has been shown up. Insulin dose
readjustments were recommended to be done within
24-48 h (Fig. 2). If average BG has been more than
140 mg/dL, the insulin dose category was increased. In
case of average BG measurements less than 100 mg/dL,
the software has recommended to reduce the insulin
dose category. For patients with great glycemic variabil-
ity, defined as hypoglycemia and hyperglycemia episodes
in a short period of time, the software has recommended
to consider Endocrine or Diabetes Team Consultation to
individualize the treatment.

In conclusion, we developed the first Brazilian appli-
cation software that can use human insulin (NPH and
regular) or insulin analogues (glargine, detemir, lispro,
aspart and glulisine) as options for inpatient hypergly-
cemia management, and therefore it can be a useful tool
for all public hospitals. We hope it can assist the health
care providers and hospitalists to manage the insulin
therapy orders in the hospital setting, and turn them
into a less complicated issue, with improved adherence

to guidelines recommendations. The software did not
replace the physicians and their decisions, but could act
to extend their knowledge and to help with the insulin
dose prescription. Further studies are still necessary to
assess this electronic-based insulin protocol adherence.
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