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STUDY OBJECTIVE To compare the effectiveness and safety of two glycemic control regimens in stable
critical care patients receiving parenteral nutrition (PN).

DESIGN Prospective, randomized open-label clinical trial.
METHODS Eligible postoperative critical care patients in the ICU began PN on the first to the seventh

day of ICU admission. The PN admixture included regular insulin, in doses sufficient to maintain 3
or more goal blood glucose (BG) levels between 110 and 180 mg/dl. After 3 to 5 days of PN con-
taining regular insulin, patients were randomized to 3 more days of regular insulin at the same dose
or 80% of their total daily regular insulin dose provided in PN solution as glargine insulin. Capillary
BG monitoring was performed every 6 hours.

RESULTS Twenty one patients were randomized to each treatment group. Median APACHE II scores were
not significantly different between the two groups within the first 24-hour of ICU admission. There were
no significant differences between the two groups at day 3 for mean daily dextrose (306.9 � 46.2 vs.
305.2 � 52.2 g; p=0.913) or insulin (18.3 � 8.8 vs. 19.5 � 10.0 units; p=0.696) doses. The percentage
of BG values in the goal (110–180 mg/dl), hyperglycemic (> 180 mg/dl), and hypoglycemic (< 70 mg/
dl) BG levels were similar between the two groups (69.0% vs. 66.7%, p=0.567; 11.9% vs. 11.1%,
p=0.780; 0% vs. 1.6%, p=0.124, respectively). Mean daily BG levels were not significantly different
between the two groups on each of the 3 study days (day 1: 140 � 20 vs. 131 � 25 mg/dl, p=0.194; day
2: 136 � 20 vs. 140 � 18 mg/dl, p=0.498; day 3: 142 � 15 vs. 140 � 19 mg/dl; p=0.741).

CONCLUSION These data suggest that, compared with regular insulin added to PN, glargine insulin results
in similar glycemic control and rates of hyperglycemia and hypoglycemia in stable critical care
patients.

KEY WORDS parenteral nutrition, glycemic control, glargine insulin, regular insulin.
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Hyperglycemia is one of the most common
complications of parenteral nutrition (PN).1 A
joint consensus statement from the American
Association of Clinical Endocrinologists (AACE)
and the American Diabetes Association (ADA)
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considers hyperglycemia, regardless of its cause,
to be associated with poor clinical outcomes and
increased mortality risk in hospitalized patients.2

Based on previous studies, the prevalence of
hyperglycemia in patients receiving PN is vari-
able and ranges between 10% and 88%.3–5 A sys-
tematic review6 with the focus on four
retrospective studies7–10 and a recent prospec-
tive, multicenter study11 demonstrated a rela-
tionship between PN-related hyperglycemia and
clinical outcomes in both critically and noncriti-
cally ill patients. Prevention of hyperglycemia
and aggressive intervention to correct it may be
effective in ameliorating untoward clinical con-
sequences of patients receiving PN.
The pharmacokinetic profile of regular insulin

is well-suited to concomitant use with PN. Tradi-
tional administration techniques for regular insu-
lin include a separate insulin drip with
simultaneous infusion of PN solution,12 inclusion
of insulin in the PN admixture,13 subcutaneous
(SC) insulin injection using a correctional insulin
dosing protocol,14 or a combination of tech-
niques. Continuous intravenous insulin infusion
(CII) is the most effective method for controlling
pre- and/or postsurgical hyperglycemia in critical
care patients.15 However, patients receiving CII
need to be converted to a SC insulin regimen
before transferring out of the ICU.16 Correctional
insulin dosing as the sole regimen is very com-
monly used, but often ineffective.2 Some well-
designed studies have demonstrated that a basal/
bolus regimen along with a correctional dose is
more effective than the correctional insulin dos-
ing monotherapy in surgical and medical
patients.17–19 The addition of insulin to PN
admixtures could be a practical alternative
method to CII. One key drawback is the lack of
consensus on a defined protocol for insulin dos-
ing and variable availability of insulin in PN con-
tainers,20 which have raised some concern about
the safety and effectiveness of this method.
To date, several studies have evaluated the pro-

cess of transitioning patients from intravenous to
SC insulin.21–23 Established protocols for using
this method in hospitalized patients are avail-
able,24, 25 but they are not necessarily applicable
to patients receiving PN. There is a paucity of
studies that assess different methods of hypergly-
cemia management and an unmet need for data
that will inform clinicians about the best available
technique in this patient population.
In an attempt to address this gap in the litera-

ture, we conducted a prospective, randomized
trial comparing the effectiveness and safety of

transitioning from regular insulin included in
PN admixtures to subcutaneously administered
glargine insulin. Glargine insulin has a 24-hour
time-action profile without a significant peak
and can be administered simultaneously with PN
infusion. Concomitant glargine insulin and PN
infusion would be a convenient option for tran-
sitioning patients from the ICU to general medi-
cal/surgical units. The objective of this study
was to determine if once-daily insulin glargine
provides effective and safe glycemic control
comparable to regular insulin in stable critical
care patients receiving PN.

Methods

This was a prospective, randomized, open-
label, controlled trial (ID: IRCT2013072314121
N1 registered on www.irct.ir) at Shariati Teaching
Hospital, affiliated with Tehran University of
Medical Sciences (TUMS). The study protocol
was approved by the Institutional Review Board
and the Medical Ethics committee of the univer-
sity. Written informed consent was obtained from
all patients or their first-degree family members.
This study was conducted in accordance with the
revised version of the Helsinki Declaration guide-
line, 2008.

Patients

Postoperative patients admitted to the neuro-
surgery intensive care unit (ICU), surgery ICU,
or open-heart ICU who were receiving PN were
screened for enrollment. Patients who met inclu-
sion criteria (age > 18 years, and nil per os
[NPO] status for ≥ 7 days) were eligible for par-
ticipation in this study. Patients were excluded
if they had any of the following criteria: autoim-
mune diseases, HIV infection or sepsis, diabetes
mellitus, pregnancy, significant renal impairment
(on dialysis or estimated GFR < 10 ml/min), any
hypersensitivity to PN components or glargine
insulin, treatment with corticosteroids or vaso-
pressors, or receiving oral or enteral nutrition
(EN).

PN Administration

At Shariati Hospital, the PN calculations, order-
ing, sterile admixture, and monitoring are all
done through Inpatient Pharmaceutical Care Unit
by a service of trained clinical and hospital phar-
macists on a routine daily basis. PN formulations
are designed to meet individualized caloric and
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nutritional requirements.13 The PN administra-
tion provides approximately 40–60% of calcu-
lated daily carbohydrate caloric requirements
during the first 24 hours, which ranges from 150
to 250 g dextrose, and is then promoted to the
desired goal during the next 24 hours. Intrave-
nous amino acid and fat emulsion are started
from day 1 based on individualized require-
ments.13 Calculations for micronutrients, includ-
ing electrolytes, vitamins, and trace elements, on
the first day are based on recommended daily
requirements13 and subsequently on individual-
ized laboratory tests. To control blood glucose
(BG) within the desired range (110–180 mg/dl),
insulin is generally added to PN bags based on an
insulin-dosing protocol (Table 1). Capillary BG
monitoring is performed every 6 hours with
Accu-Chek Inform, Roche Diagnostics (F. Hoff-
mann-La Roche AG, Basel, Switzerland) accord-
ing to the manufacturer’s instructions. New PN
bags are hung daily at midnight.

Insulin Administration

As shown in Table 1, the insulin-to-dextrose
ratio (IDR) on the first day was determined from
BG values measured on the day before starting
PN. The IDR was based on reports in the litera-
ture 13, 26, 27 and clinical practice in the hospi-
tal. If BG values were already in 151 to 199 mg/
dl range, 0.15 units of insulin per gram of dex-
trose were added on the first day. As well, for
patients with BGs 121–150, 100–120, and

< 100 mg/dl measured on the day before starting
PN, 10, 5, and 0 units of insulin per gram of
dextrose were added in PN bag, respectively. If
needed, regular insulin was also administered
subcutaneously to correct any BG values above
150 mg/dl according to a correctional insulin
dosing protocol. The correctional protocol pro-
vides 2 units of regular insulin for every 50 mg/
dl of BG over 150 mg/dl. Subsequently, 70–
100% of the correctional insulin dose is added
to the next day PN solution.28

On the second day, dextrose was increased to
meet all individualized carbohydrate calorie
requirements. However, if two measured BG lev-
els were higher than 250 mg/dl on the first day,
the achievement of dextrose requirement goal
would be delayed until the third day. The insu-
lin dose provided in the PN solution was
adjusted daily based on the doses of SC insulin
by correctional insulin dosing protocol and
recorded BG values (Table 1). The total insulin
requirement on the first day (i.e., sum of correc-
tional insulin and the amount included in PN
solution) would determine the new IDR for the
second day. If at least two of BG values were
between 70 and 109 mg/dl, IDR was decreased
by 25%. If two values were less than 70 mg/dl,
IDR was decreased by 50%.

Randomization

After the second or third day of PN, the dex-
trose quantity was maintained, and the insulin
dose adjustment was solely based on BG levels
and SC insulin doses. Before randomization,
individualized dextrose and calorie requirement
goals were met. The insulin dosing protocol was
continued for 3 to 5 days. When 3 or more BG
levels remained within the goal range (110–
180 mg/dl) for 24 hours,6, 29 patients were ran-
domly allocated (in a 1:1 ratio using a per-
muted-block randomization method) to an
additional 3 days of either subcutaneous glargine
insulin or continuation of insulin/PN (Figure 1).
The insulin dose for the glargine insulin group
was 80% of the total daily regular insulin dose
in the PN solution on the day prior to randomi-
zation. To determine the appropriate dose of
glargine insulin, we used the results of one
group’s study.22 According to the results of their
study, patients in the 80% conversion group had
the highest percentage of BG values in the glyce-
mic target range (80–140 mg/dl). Glargine insu-
lin was administered 2 hours before starting the
next PN infusion. In order to keep BG levels

Table 1. Insulin Dosing Protocol

BG values (mg/dl) Regular insulin dose (units)

BG values on the day
before starting PN

Initial dose per 100 g dextrose

151–199 15
121–150 10
100–120 5
< 100 PN with no insulin

Daily insulin correction
by two BG values

Modification in regular insulin
or glargine insulin dose

BG value category
< 70a Hypoglycemia Decrease by 50%
70–109 Borderline Decrease by 25%

Daily insulin correction by BG values

110–180 Desired range No change
> 180 Hyperglycemia Perform correctional insulin

dosing protocolb

aSingle value would be corrected by 12.5 g dextrose administration
intravenously as soon as possible.
bSubcutaneous correctional insulin dosing scale: BG 150-200 mg/
dl: 2 units; 201–250 mg/dl: 4 units; 251–300 mg/dl: 6 units.
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within the desired range, the daily insulin dose
was corrected according to insulin dosing proto-
col (Table 1).

Outcomes

The primary endpoint was the mean daily BG
level on day 3 after randomization. Secondary
endpoints were rates of severe hypoglycemia
(BG < 40 mg/dl), hypoglycemia (BG < 70 mg/
dl), hyperglycemia (BG > 180 mg/dl) and eugly-
cemia (BG between 110 and 180 mg/dl) during
the 3-day postrandomization period.30 Glycemic
variability (GV) (D) was defined as the mean
difference between the highest and lowest BG
level each day.31 Glycemic control over the 3-
day period was assessed using the hyperglyce-
mic index (HGI), defined as the area under the

BG concentration curve (AUC) for BG levels
> 180 mg/dl divided by the study duration.32

The AUC above the desired BG range was cal-
culated for each patient using the trapezoidal
calculation for two points over time.33

Statistical Analysis

A sample size of 21 patients per group was
needed to detect at least an 18-mg/dl difference
in mean daily BG between the two groups at an
a (2-sided) of 0.05 with 80% power, assuming
that mean daily BG levels on the last day was in
the target glycemic range. Statistical analysis for
normality and homogeneity of variances was
performed using the Kolmogorov–Smirnov test.
Parametric distributed data were analyzed using
the independent-samples t-test and were

1861 patients admitted over the  
1-year period to the 3 ICUs

179 patients assessed for 
eligibility

119 were excluded
- Diabetic (n=22) 
- Corticosteroids (n=14)  
- Vasopressors (n=12) 
- Dialysis or eGFR <10 mL/min (n=7)
- Oral or enteral nutrition (n=21)
- PN with no insulin (n=27)
- PN discontinued (n=10)
- Did not achieve glycemic control (110-180 

mg/dL) during first 5 days of PN initiation (n=6)

Insulin in PN (n=31)

21 patients completed study

Did not complete study (n=10)
- Oral nutrition (n=5)
- Corticosteroids (n=2)
- Vasopressors (n=2)
- PN discontinued (n=1)

Did not complete study (n=8)
- Oral nutrition (n=4)
- Corticosteroids (n=2)
- Vasopressors (n=2)

21 patients completed study

Converted to glargine (n=29)

Figure 1. Study flow diagram.
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reported as mean � standard deviation (SD).
Nonparametric distributed data were analyzed
using Mann–Whitney U test and were reported
as medians (interquartile range [IQR]). Probable
associations between categorical variables were
assessed by using v2 test or Fisher exact test
(> 20% of the categories have expected frequen-
cies < 5). A one-way ANOVA with repeated
measures test was used to assess BG variability
changes over the 3-day period. All analyses were
2-sided and p values less than 0.05 were consid-
ered statistically significant. Statistical analyses
were performed using IBM SPSS Statistics (ver-
sion 20.0, IBM Corp., Armonk, New York).

Results

Patient Characteristics

From December 2012 to January 2014, 179
patients were screened, and 119 were excluded
from the study (Figure 1). Of the 60 remaining
patients who provided informed consent and
were randomized, 18 patients were withdrawn
from the study (Figure 1). The demographic and
clinical characteristics of the 42 patients were
well balanced at baseline (Table 2).

Effectiveness and safety

The proportion of BG values goal (110–
180 mg/dl), hyperglycemic (> 180 mg/dl), and
hypoglycemic (< 70 mg/dl) BG levels were simi-
lar between the two groups (See Table 3). No
patient in the regular insulin group experienced
hypoglycemic episodes (BG < 70 mg/dl). How-
ever, hypoglycemia occurred in 19% (n=4) of
patients randomized to glargine insulin. Despite
this, there was no statistical difference between
the two groups in the percentage of patients
who had experienced hypoglycemia (p=0.107).
Mean daily BG levels were not significantly dif-
ferent between the two groups on each of the 3
study days. There were no episodes of severe
hypoglycemia in either study group.
Of the patients in the regular insulin group,

43% (n=9) did not require any correctional insu-
lin dose, 43% (n=9) received one dose, and 14%
(n=3) received two doses. In glargine insulin
group, 43% (n=9) did not require any correc-
tional insulin dose, 24% (n=5) required one
dose, and 33% (n=7) required two doses. The
percentage of patients with a single reduction in
insulin dose was similar between regular insulin
and glargine insulin groups (52.4% vs. 47.6%

[n=11 vs. 10]; p=0.758). Moreover, the mean
decrease in insulin dose was not significantly
different between regular insulin and glargine
insulin groups (3.57 � 4.01 vs. 2.24 � 2.77;
p=0.218).

Blood Glucose Variability Changes

The mean change in D (maximum – minimum
BG) over time using a repeated measures ANOVA
test demonstrated a significant difference between
time points (F=4.978, p=0.012) within the glar-
gine insulin group but not the regular insulin
group. A significant decrease in mean D from day
1–3 and day 2–3 was observed in the glargine
insulin group (See Figure 2). There was no differ-
ence with regard to mean change in D between
regular insulin and glargine insulin groups (mean
difference: �2.254; 95% confidence interval:
�15.373 to 10.865; p=0.730).

Discussion

To our knowledge, this is the first randomized
study comparing the effectiveness and safety of
two methods of insulin administration for
patients receiving PN. We found no significant
difference in mean daily BG levels or percentage
of BG values in defined ranges between regular
insulin and glargine insulin groups. Therefore,
administration of glargine insulin could be an
alternative method to adding regular insulin to
PN in stable critical care patients. The glargine
insulin dose was 80% of the total daily regular
insulin dose added to PN. Also, there were at least
3 days between ICU admission and study entry.
In parallel to recent ADA/ACE guideline rec-

ommendations,2 CII should be implemented to
control hyperglycemia in critically ill patients
with a trigger value > 180 mg/dl. Although regu-
lar insulin added to PN in combination with
subcutaneous correction-dose insulin is often
used for patients receiving PN, the conversion
can be implemented in clinically stable patients
with basal insulin administered as the percent-
age of the total IV requirement in combination
with correction doses of a rapid insulin analog
or regular insulin every 4- to 6-h as needed.16 In
a nonrandomized study,34 the effectiveness and
safety of a prospective protocol (i.e., addition of
regular insulin to PN with concurrent subcuta-
neous insulin NPH) was compared with a retro-
spective conventional management, primarily
correctional insulin. The study found that a pro-
spective protocol using insulin to carbohydrate
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ratio resulted in superior glycemic control than
a retrospective conventional management.
In order to achieve glycemic control in our

critical care population, we considered several

substantial aspects of implementation that per-
mit safe and effective conversion compared to
earlier studies.21, 22, 35 First, in our study, a
time interval of at least 3 days elapsed between

Table 2. Demographic and Clinical Characteristics of the Study Population in the Regular Insulin and Glargine Insulin
Groups

Regular insulin (n=21) Glargine insulin (n=21) p value

Patient demographic
Age (years)
Mean � SD 55.1 � 17.8 57.1 � 17.1 0.725
Range 25–83 27–85

Sex, n (%)
Female 9 (42.9) 7 (33.3) 0.525a

BMI (kg/m2) on day 1 ICU
Mean � SD 23.7 � 2.9 23.2 � 3.4 0.650
Range 18.3–28.4 15.2–28.7

Weight (kg) on day 1 ICU
Mean � SD 65.7 � 11.4 65.2 � 12.2 0.887
Range 48–82 39–85

Type of surgeryc (n)
Gastrointestinal 13 16 0.317a

Othersb 8 5
Serum creatinine (mg/dl) on day 1 ICU
Mean � SD 0.9 � 0.3 0.8 � 0.3 0.638
Range 0.5–1.5 0.5–1.4

Albumin (g/dl) on day 1 ICU
Mean � SD 2.9 � 0.6 2.8 � 0.6 0.604
Range 1.8–4.0 1.8–3.9

Total hospital length of stay (days)
Median (IQR) 37 (27–45.5) 37 (29–54) 0.642
Range 17–83 15–75

Total ICU length of stay (days)
Median (IQR) 16 (9–29) 17 (11.5–32) 0.442
Range 8–59 8–67

Time elapsed from PN initiation to randomization (days)
Median (IQR) 4 (3–4) 4 (3–4) 0.818
Range 3–5 3–5

Duration of PN (days)
Mean � SD 20.28 � 13.40 18.57 � 11.50 0.659
Range 7–56 6–51

APACHE II score day 1 ICU
Median (IQR) 14 (10–18) 16 (13–21) 0.212
Range 6–24 8–27

Patient characteristics at the time of randomization
SOFA score day 1 randomization
Median (IQR) 1.0 (0.5–3.0) 2.0 (1.0–4.0) 0.572
Range 0–6 0–6

SOFA score day 3 randomization
Median (IQR) 1.0 (0.5–2.5) 1.0 (0–3.5) 0.979
Range 0–6 0–8

Total daily energy intake (mean � SD)
kcal/day 1998.2 � 234.0 1995.0 � 270.4 0.967
kcal/kg/day 30.9 � 3.7 31.1 � 3.2 0.877

Total protein calorie intake
kcal/day (median [IQR]) 400 (400–500) 400 (300–550) 0.702
g/kg/day (mean � SD) 1.7 � 0.3 1.7 � 0.3 0.750

BMI = body mass index; APACHE = Acute Physiologic and Chronic Health Evaluation; SOFA = Sequential Organ Failure Assessment;
ICU = intensive care unit; IQR = interquartile range.
av2 test.
bCardiovascular and Neurosurgery.
cSurgical procedures: Whipple procedure, Gastrectomy, Esophagectomy, Sigmoidectomy, Colectomy, Enterocutaneous fistula, Small bowel
resection, Proctocolectomy, Duodenectomy, Mitral valve and aortic valve replacement, Coronary artery bypass graft, Coronary artery bypass
graft and tricuspid valve replacement, Orbitozygomatic craniotomy, Extended bifrontal craniotomy, Retro-sigmoid craniotomy.
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ICU admission and transition.36 This may provide
sufficient time for stabilizing patients’ physiologi-
cal status and, consequently, decreasing the levels
of counter-regulatory hormones, especially epi-
nephrine. In contrast, another group35 converted
cardiac surgery patients with a history of diabetes
from CII to different doses of glargine insulin
within one day of surgery. That study concluded
that earlier transition may account in part for the
lower number of patients with controlled BG val-
ues. Second, unlike other studies,34, 35 we consid-
ered all plausible confounding factors of glycemic
control and excluded patients with diabetes and
those receiving corticosteroids, vasopressors or
enteral feeding. Thus, our study population
appears to be relatively homogeneous.

The American Society for Parenteral and Ent-
eral Nutrition (ASPEN) guidelines recommend a
target BG range of 140–180 mg/dl for hospitalized
adults receiving nutrition support.29 In contrast,
the findings of one systematic review suggest that
a lower target range (i.e., 113–164 mg/dl) may be
more appropriate.6 However, the lower threshold
of desired range is not entirely clear, and no trial
has yet compared intensive insulin therapy (80–
110 mg/dl) with a range of 110–180 mg/dl.37

Altogether, we took into account a target BG
range of 110–180 mg/dl.
Several large randomized studies compared

the effects of intensive insulin therapy (IIT; BG
80–110 mg/dl) with higher BG ranges and sug-
gested different optimal target ranges.30, 38, 39

Table 3. Blood Glucose and Insulin Characteristics

Regular insulin
(n=252 BG readings)c

Glargine insulin
(n=252 BG readings)c p value

Percentage of BG values in 110–180 mg/dl range (n) 69 (174) 66.7 (168) 0.567a

Percentage of BG values < 40 mg/dl throughout study 0 0 1.000
Percentage of BG values < 70 mg/dl (n) 0 1.6 (4) 0.124b

Percentage of BG values in 70–109 mg/dl range (n) 19 (48) 20.6 (52) 0.655a

Percentage of BG values > 180 mg/dl (n) 11.9 (30) 11.1 (28) 0.780a

Mean daily BG on the day before PN initiation (mg/dl)
Mean � SD 118 � 18 119 � 19 0.796
Range 83–158 94–163
Mean daily BG on the day before randomization (mg/dl)
Mean � SD 147 � 15 148 � 19 0.807
Range 120–176 113–175
Mean daily BG on day 1 (mg/dl)
Mean � SD 140 � 20 131 � 25 0.194
Range 102–188 92–181
Mean daily BG on day 2 (mg/dl)
Mean � SD 136 � 20 140 � 18 0.498
Range 96–188 107–182
Mean daily BG on day 3 (mg/dl)
Mean � SD 142 � 15 140 � 19 0.741
Range 113–164 106–169
Percentage of mean daily BG values in 110–180 mg/dl range (n) 92.1 (58) 84.1 (53) 0.169a

Insulin to dextrose ratio day 3 (unit/g)
Mean � SD 0.062 � 0.034 0.065 � 0.035 0.820
Range 0.014–0.14 0.011–0.16
Total daily insulin dose at day 3 (units)
Mean � SDd 18.3 � 8.8 19.5 � 10.0 0.696
Range 5–37 4–41
Total daily dextrose at day 3 (gram)
Mean � SD 306.9 � 46.2 305.2 � 52.2 0.913
Range 250–400 200–380
Correctional insulin
Number of doses 15 18 0.254a

Total dose (units) 35 49 0.411
Median (IQR) 2 (5) 2 (5)
Range 0–7 0–8
Hyperglycemic Index (mg/dl)
Median (IQR) 13.34 (3.61–37.05) 21.51 (0–58.30) 0.909
Hypoglycemia rate per 100 hours insulin therapy 0 5.56 0.124b

av2 test.
bFisher exact test.
cBG measurements after treatment of a hypoglycemic episode were not analyzed.
dRegular insulin added in PN solutions or subcutaneously administered glargine insulin.
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Hypoglycemia predicts mortality and poor clini-
cal outcomes.39, 40 In a post hoc analysis of the
NICE-SUGAR study,41 patients with hypoglyce-
mia or severe hypoglycemia had a higher risk of
death compared with those without hypoglyce-
mia. In addition, increase in the risk of death
was higher in patients with severe hypoglycemia
than those with hypoglycemia.41 Following tran-
sition in our study, 1.6% (n=4) of BG values
were in the hypoglycemic range, and 19% (n=4)
of our patients in the insulin glargine group dur-
ing the 3-days period of study. Despite this, we
did not detect any episode of severe hypoglyce-
mia. Our study was not adequately powered to
show a significant difference in percentage of BG
values in the hypoglycemic range and percentage
of patients having hypoglycemia between the
study groups. They might be significantly differ-
ent if the study was designed based on second-
ary outcomes with adequate power. Conversion
to a dose of glargine lower than 80% of the total
daily dose might have reduced the frequency of
hypoglycemia. However, its impact on achieve-
ment of glycemic goals is yet unknown. Simi-
larly, use of more frequent BG measurements
could be studied to assess its impact on safety
and effectiveness of such a protocol. Neverthe-
less, conversion from regular insulin in PN to
SC glargine insulin may facilitate glycemic con-
trol in stable critical care patients who are in
transitioning from ICU to general medical/surgi-
cal units.
A meta-analysis concluded that tight glycemic

control (TGC; BG 80–110 mg/dl) is more bene-
ficial in ICU patients receiving PN compared
with enteral feeding.42 However, findings of the
prior study were not authenticated in a random-
ized prospective trial comparing early vs. late

PN.43 The patients receiving early PN (initiation
of EN plus PN on ICU day 2) experienced the
same BG levels (averaging 102–107 mg/dl) com-
pared with late PN (initiation of EN on ICU day
2 and PN on ICU day 8). Nevertheless, the
patients receiving late PN had better overall out-
comes. Therefore, insulin infusion seems to be
appropriate for patients regardless of the source
of carbohydrate. In addition, glycemic control
alone is not sufficient to decrease the apparent
risks associated with PN.
The association between different GV metrics

and clinical outcomes has been determined in
hospitalized patients.31 Nevertheless, the most
appropriate metric to describe GV has not yet
been defined.30, 31 Recently, a study44 demon-
strated that high GV measured by the mean SD
of all BG values and by the mean BG daily D
change was associated with increased mortality
and poor clinical outcome in hospitalized
patients receiving PN. In our study we assessed
mean daily D changes both between and within
the study groups. These changes were not signif-
icantly different between the two groups. How-
ever, mean daily D changes differed significantly
within glargine insulin group presumably owing
to glargine administration itself. As shown in
Figure 2, significant difference between time
points 1 and 2 and time point 3 within glargine
insulin group explained that by implementation
of study protocol, variability in blood glucose
was decreased by day 3 study.
Our study has four major limitations. First,

significant exclusion criteria in stable critical
care population limit generalizability. Second,
despite that the sample size appears to be suffi-
ciently large to detect any differences in mean
daily BG, but it might be too small to identify
the real differences of hypoglycemic or hypergly-
cemic episodes between two the study groups.
Third, finger-stick capillary glucose monitoring
may provide different results compared with a
reference laboratory methodology using arterial
or venous site samples in critically ill patients.
However, owing to availability and reporting
rapid results, we chose this blood glucose
meter.30 Forth, this study was designed only to
assess impacts of regular insulin and glargine
insulin on glycemic control (surrogate end-
point), not patient-level outcomes.

Conclusion

The data of the current study suggest that glar-
gine insulin appears to be at least as effective and

Figure 2. Variability in blood glucose values defined as
mean daily D (average of daily difference between the
highest and lowest blood glucose) � standard deviation:
Regular insulin group vs. glargine insulin group.
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safe as regular insulin in PN solution for glycemic
control in stable critical care patients receiving
PN. Based on the results of our study, successful
transition from insulin infusion to basal SC insu-
lin occurs when the patients receive insulin infu-
sion for 3 or more days to achieve a level of
glycemic control. Studies with more follow-up
duration will include patients requiring vasopres-
sors, enteral nutrition, corticosteroids and those
with pre-existing diabetes mellitus to assess the
current study protocol in both critical care and
noncritical care populations receiving PN with
especial focus on clinical outcome.
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