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Abstract
Objective: Patients using U-500 regular insulin are severely insulin resistant requiring high doses of
insulin. It has been observed that a patient’s insulin requirements may dramatically decrease after
hospitalization. This study sought to systemically investigate this phenomenon.
Methods: We performed a retrospective chart review of patients with U-500 insulin outpatient
regimens who were admitted to the San Antonio Military Medical Center over a five-year period. Each
patient’s outpatient total daily dose (TDD) of insulin was compared to the average inpatient TDD. The
outpatient estimated average glucose (eAG) was calculated from the HgbAlc and compared to the
average inpatient glucose.
Results: There were 27 patients with a total of 62 separate admissions. The average age was 64.4 years
with a mean body mass index of 38.9 kg/m2 and eAG of 203mg/dl (HgbA1lc of 8.7%). All patients were
converted from U-500 to U-100 upon admission. The average inpatient TDD of insulin was 91 units vs.
337 units as outpatients (p < 0.001). Overall, 89% of patients received < 50% of their outpatient TDD.
The average inpatient glucose was slightly higher than the outpatient eAG, 234 mg/dl vs. 203 mg/dl! (p =
0.003).
Conclusion: U-500 insulin is prone to errors in the hospital setting, so conversion to U-100 insulin is a
preferred option. Despite a significant reduction in insulin TDD, these patients had clinically similar
glucose levels. Therefore, patients taking U-500 insulin as an outpatient can be converted to a U-100

basal-bolus regimen at 25 to 50% of their home TDD upon hospitalization.



Introduction

U-500 regular insulin is five times more concentrated than U-100 regular insulin and is generally used in
patients with severe insulin resistance requiring greater than 200 units of insulin per day (1). It was first
introduced as concentrated bovine U-500 insulin in 1952 by Eli Lilly and subsequently replaced by
porcine U-500 insulin in 1980. The current formulation of U-500 human insulin (Humalin R U-500) was
introduced in 1997 and is currently the only formulation available (2, 3). The number of patients treated
with U-500 insulin has significantly increased in recent years as shown by a 97% increase in prescriptions
written between August 2008 and September 2010. The increase mirrors the epidemics of obesity and
type 2 diabetes mellitus (2, 3). These severely insulin resistant patients require high doses of insulin to

achieve glycemic control.

With the rise in U-500 insulin use, the number of patients taking this medication who are admitted to
hospitals has also increased. The use of U-500 insulin in the hospital has created some challenges to
effective care. There are no formal published guidelines on inpatient management for patients treated
with U-500 insulin. The literature is sparse on how outpatient U-500 insulin regimens should be
managed during hospitalization. Concentrated U-500 insulin is considered a high alert medication for
use in hospitals (4). The American Society of Health-System Pharmacist and the Institute for Safe
Medication Practices (ISMP) have strict recommendations regarding U-500 insulin use in the hospital
and some recommend against its routine use in the inpatient setting even in patients being prescribed

U-500 insulin as an outpatient (1, 5).

Use of U-500 insulin in the inpatient setting is prone to errors at every step of the prescribing, storing,
dispensing and administration process (4, 5). Some hospitals do not carry U-500 on formulary or have
policies against its use (6). Lack of a U-500 calibrated syringe is a large source of confusion among both

patients and physicians. U-500 insulin is either prescribed as units on a U-100 insulin syringe or milliliters



hospital days that patients spent the entire 24 hour period from midnight to midnight in the hospital.
Partial days like the day of admission and the day of discharge were not included because the total daily
dose of insulin and glucose values could not be accurately determined. The type of insulin (long versus
short acting) was not distinguished, only the total amount of insulin given. The average daily glucose was
calculated from the point of care glucose levels recorded in the medical chart. The admitting team
decided what insulin regimen to start as there was no standardized insulin protocol for U-500 insulin

patients at our institution.

Each patient’s outpatient TDD of insulin was compared to the average inpatient TDD. The patient’s
outpatient estimated average glucose (eAG) was calculated from the HgbAlc and compared to the
average inpatient glucose level during their admission. Statistical Package for the Social Sciences (SPSS)
19 software was used to analyze the data. A paired t-test was used to compare outpatient versus

inpatient TDD of insulin and outpatient versus inpatient glucose.

Results

There were 75 patients admitted to the hospital that were prescribed U-500 insulin at some point during
the study’s five-year timeframe. Of those, 48 patients were not included in our analysis for the following
reasons: 28 patients were not using a U-500 insulin regimen at the time of their admission, 15 patients
had stays less than 24 hours, and five patients had undeterminable outpatient insulin doses. Thus, data
were collected on 27 patients with a total of 62 separate admissions (Table 1). There were eight female
and 19 male patients. The mean age was 64.4 years with a mean body mass index (BMI) of 38.9 kg/m?
and mean eAG of 203mg/dL [74 — 109] (HgbA1c of 8.7% [4.6 — 5.6]). The mean length of stay was four

days.

All patients were converted from U-500 to various U-100 insulin regimens upon admission to include

insulin drip, basal bolus regimen, or sliding scale only regimen. Three patients received at least one dose



of U-500 during their stay, and it appeared from the chart review they were switched to a U-100 insulin
regimen because of difficulty in obtaining U-500 insulin on the inpatient service. There was no protocol
or standardized conversion for these patients, so their inpatient insulin regimen was determined by the

admitting teams’ preference.

The average inpatient TDD of insulin was 91 units, significantly lower than the average outpatient TDD
of 337 units (p < 0.001), representing 27% of the outpatient insulin dose. The median values were lower
with an inpatient TDD of 65 units and outpatient TDD of 270 units, but with a similar reduction of insulin
received at 24.1% of the outpatient dose. Overall, 89% of patients received < 50% of their outpatient
TDD while in the hospital. The average inpatient glucose was slightly higher than the outpatient eAG,
234 mg/dL vs. 203 mg/dL (p = 0.003). Figure 1 shows the change in the TDD of insulin over the course of
the first five days of hospitalization. The percent of home TDD started out at 100% when the patient was
an outpatient and dropped to 24.5% on the first day of admission. As the insulin was titrated, it peaked
at 36.2% of home TDD on day four and decreased to 29.2% on day five. During this time, the patient’s
average glucose increased from the outpatient eAG of 203 mg/dL to 242.5 mg/dL on day one and

gradually decreased as the insulin was titrated up and was 195.8 mg/dL on day five.

Data was collected on a total of 245 hospital days. The average glucose was less than 180 mg/dL on 86
(35.1%) of those days. During those days, patients received an average of 30.0% of their home TDD of
insulin. Finally, there was no difference in the amount of insulin received based on the patients’ level of
glycemic control prior to admission. Patients with a HgA1c less than 8% required 29% of their home

TDD while patients with a HbA1c greater than or equal to 8% required a similar 27% of their TDD.

Discussion
The use of U-500 regular insulin has increased in recent years due to a rise in severe insulin resistance

defined as requiring greater than 200 units of insulin per day (2, 3). When patients taking U-500 insulin



on a tuberculin syringe (5). The ISMP recommends U-500 insulin vials never be stored on the hospital
floor and stored separately from other insulins in the pharmacy to avoid accidental use (4, 5). The
pharmacokinetics of U-500 insulin includes both a bolus effect and a basal effect with a duration of
action of 11.5 hours (4). This places hospitalized patients at risk for hypoglycemia because they
frequently miss meals for test and procedures. This has led some physicians to recommend against
routine use of U-500 insulin in the inpatient setting even on patient’s prescribed U-500 insulin as an
outpatient (1). If U-500 insulin is to be used during a hospitalization, it has been recommended that it be
prescribed by a multidisciplinary team with multilayered safeguards to prevent dosing errors and

adverse outcomes (4, 5, 7)

In our institution, it has been anecdotally observed that a patient’s insulin requirements may be
dramatically less upon admission to the hospital. To our knowledge, there is only one published study on
U-500 insulin in hospitalized patients (8). Therefore, we sought to systematically investigate this

observation in our facility.

Methods

Institutional Review Board (IRB) approval was obtained. We performed a retrospective chart review of
patients treated with U-500 insulin as outpatients and admitted to the San Antonio Military Medical
Center from July 2009 to July 2014. Inclusion criteria included patients between 18 and 89 years old with
a hospital stay greater than 24 hours and treated with U-500 insulin at the time of admission. Patients
were excluded if their home U-500 insulin dose was unable to be determined. Data collection included
the outpatient total daily dose (TDD) of insulin, most recent glycosylated hemoglobin (HgAlc), age,
height and weight. Once the patient was admitted, the TDD of insulin was recorded from the electronic
medication administration record. Data collection began at midnight after the day of admission and

hospital days were defined as the 24 hour period from midnight to midnight. Data was only collected on



as an outpatient require hospitalization, there are no formal guidelines or consensus among physicians
on what insulin regimen or dose reduction should be used. Because of this lack of guidance, patients
using U-500 insulin in our institution were prescribed a wide range of insulin regimens and starting
doses. These patients routinely had their TDD of insulin reduced upon admission, although there was no
reasoning given in the chart as to how the admitting team determined the starting inpatient insulin
dose. We suspect that a large factor in the dose reduction came from physician unfamiliarity with U-500
insulin and uneasiness prescribing extremely high doses of insulin. On a survey of physicians and nurses
performed at our institution, 47% of respondents reported being “very uncomfortable” with U-500
insulin use (9). We sought to evaluate and describe the inpatient insulin requirements in our hospital, so
as to provide a framework for insulin regimen recommendations for future hospitalized U-500 patients

and research studies.

All patients in this study received a lower TDD of insulin as an inpatient than as an outpatient with 89%
of patients requiring < 50% of their outpatient TDD. The dose reduction in these patients was even more
striking knowing that hospitalized patients can have increased insulin requirements that include, but are
not limited to, acute stress, parenteral and enteral nutrition, corticosteroid use and medical illnesses
that contribute to hyperglycemia such as pancreatitis (1). Possible factors for decreased insulin
requirements in these patients include controlled hospital diet, NPO status, and strict adherence to
timing and dose of insulin injections by nursing staff. We suspect that the change in insulin requirement
is predominantly driven by decreased in caloric intake as U-500 insulin patients tend to have obesity and
patients in this study had an average BMI 0f38.9 kg/m?’. This is supported by a recent case report in
which a patient on U-500 insulin had a large reduction in insulin after making dietary changes prior to
bariatric surgery (10). The authors describe a patient on 320 units of U-500 insulin daily who was
converted to U-100 detemir and lispro 10 days prior to surgery. The patient was instructed to

dramatically reduce her caloric intake, and her glucose levels and insulin use were recorded. During the



final two days before surgery, the patient was on a clear liquid diet and discontinued all insulin
injections. Blood glucose was consistently between 100-140 mg/dl during these two days when the
patient was not injecting any insulin (10). Our study did not correct for potential causes of increased or
decreased insulin requirements. Instead, it quantified the overall insulin requirements of U-500 patients

after hospital admission.

To our knowledge, only one other study by Tripathy and Lansang has studied U-500 insulin in
hospitalized patients (8). Their study was a retrospective chart review of 61 admitted patients who had
been using U-500 insulin at home. They categorized the patients into two groups. One group continued
U-500 insulin while in the hospital, and the other group was switched to U-100 insulin. The U-500 group
remained on 85% of their home TDD (200 units TDD in hospital and 235 units TDD prior to
hospitalization), but the group switched to U-100 only required 35% of their home TDD (35 units TDD in
hospital and 100 units TDD prior to hospitalization). The average glucose between the two groups was
not statistically significant (237.6 mg/dL for the U-500 group and 207.9 mg/dL for the U-100 group, p =

0.480). Their study also found a higher incidence of hypoglycemia in the U-500 group (8).

Our findings of U-500 insulin patients receiving 27% of their home TDD after being switched to a U-100
insulin regimen is similar to the Tripathy study group that was switched to a U-100 insulin regimen and
received 35% of their home TDD. It is unclear why their group that continued on U-500 required 85% of
their home TDD. One could speculate that perhaps they required more insulin because their home TDD
was higher (235 units of insulin in the U-500 group versus 100 units insulin in the U-100 group) and were
therefore more insulin resistant. However, the patients in our study had an average TDD of insulin of
337.6 units and received much less than 85% of their home TDD of insulin. While there are algorithms

on converting U-100 insulin patients to U-500 insulin, there is a lack of information on converting U-500



insulin to U-100 insulin as an outpatient as well, so perhaps part of the difference could be due to the

pharmacodynamics of U-500 insulin (10).

Limitations of this study include its small sample size, lack of hypoglycemia data due to only average
daily glucose values being obtained, and the retrospective nature of the study. The average inpatient
glucose of 234 mg/dl is above the American Diabetes Association (ADA) Standards of Medical Care in
Diabetes goal of 140 to 180 mg/dL in hospitalized patients (11), so the patients in our study may have
needed higher insulin doses than they received. However, the patients in our study had an average
HgbA1c of 8.7% (corresponding to an outpatient eAG of 203.5 mg/dl) so they achieved clinically similar
glycemic control while hospitalized on a much lower insulin dose. Also, on 35.1% of the hospital days,
the average glucose was at the ADA recommended goal of less than 180 mg/d| while patients were
receiving only 30.0% of their home TDD of insulin. In Figure 1, the change in the patients TDD of insulin
and average glucose from baseline are graphed over the first five days of admission. It shows the
glucose spikes on the first day with an average glucose of 242.5 mg/dl and patients receiving 24.5% of
their home TDD of insulin. Over the following days, the amount of insulin increased as the insulin was
titrated up and the glucose level slowly trended down. The amount of insulin received peaked at 36.2%
of their home TDD on day four. By day five, the average glucose was lower than their outpatient eAG
(195.8 mg/dl versus 203.5 mg/dl) and patients were on average receiving 29.2% of their home TDD of

insulin.

U-500 insulin dosing is prone to errors on multiple levels in the hospital setting and many physicians are
unfamiliar with its use, so conversion to U-100 insulin is a safer and preferred option. Despite a
significant reduction in insulin TDD, the patients in our study had clinically similar glucose levels
compared to their outpatient eAG. This study provides a general idea of insulin requirements in U-500

patients that are hospitalized and a starting point for future patients and studies. Since the average



inpatient TDD of insulin was 27% of their home TDD and 89% of admissions received < 50% of their
home TDD, we propose that it is reasonable to convert U-500 patients to U-100 insulin on admission
with starting doses between 25% to 50% of their home TDD. The patient’s outpatient glucose control,
reason for admission, NPO status, admission glucose, and corticosteroid use should be taken into
consideration by the admitting physician and the patients’ glucose levels should be closely monitored

and insulin titrated as needed to maintain adequate glucose control.

Conclusion
Patients taking U-500 insulin as an outpatient can be converted to a U-100 basal-bolus regimen at 25 to
50% of their home TDD upon hospital admission. Further prospective trial data is needed to best

evaluate the ideal approach to this situation.
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Table 1

Patient Demographics, Insulin Doses and Glucose

Total Men Women
Patients 27 19 8
Admissions 62 40 22

Mean Minimum Maximum
Age (years) 64.4 47 85
BMI (kg/m?) 38.9 26.4 54.7
HgbA1lc (%) 8.7 5.7 15.5
Estimated Average 203.5 117 398
Glucose (mg/dL)*
Outpatient TDD insulin 337.6 100 1250
(units of insulin)
Length of Stay (days) 4.0 1 16
Average inpatient TDD 91.0 8 400
Insulin (units of insulin)
Average inpatient BG 2344 97 450
(mg/dL)

Abbreviations: TDD, Total Daily Dose: BG, blood glucose: HgbAlc, glycated hemoglobin

*Calculated from HgbAlc
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Figure 1: Outpatient total daily dose of insulin (TDD) and estimated average glucose (calculated from
HgbA1lc) compared to percent of home TDD of insulin and inpatient average blood glucose (BG) over the
first five days of hospital admission.
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