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metabolic control CIVII results in significant improvement of long-term glucose control, with no effect on
other metabolic parameters. (Clin Diabet 2015; 4, 6:
221–225)
Key words: type 2 diabetes mellitus, insulin
resistance, hyperglycaemia, intravenous insulin
infusion

www.dk.viamedica.pl

221

Clinical Diabetology 2015, Vol. 4, No. 6

Introduction

Table 1. Study groups’ characteristic

Some patients with type 2 diabetes fail to achieve
optimal metabolic control in the outpatient settings
despite intensive insulin therapy and progressive dose
escalation. Prolonged hyperglycaemia affects unfavourably insulin secretion and action (glucose toxicity) and
increases insulin resistance [1]. In these patients continuous intravenous insulin infusion (CIVII) in hospital
settings may be beneficial [2].
Continuous intravenous insulin infusion is a
method of insulin therapy used in patients with acute
diabetes complications, in life-threatening conditions
and during perioperative period; however, it is not
considered a routine treatment in poorly controlled
type 2 diabetes. Insulin given by intravenous route has
100% bioavailability. Due to rapid onset and short time
of action of insulin administered intravenously, it is
possible to modify the basal rate and prandial boluses
according to measured glucose values and to adjust
precisely the dose of insulin. This allows for achieving
rapid improvement of metabolic control. However, it
has not been established whether this procedure exerts
a long-term effect or reduces glycated haemoglobin
(HbA1c) level [3–5].
The aim of the study was to assess the effect of
CIVII on long-term glycaemic control in patients with
type 2 diabetes.

Material and methods
The study included 60 type 2 diabetes patients with
insufficient metabolic control (HbA1c > 7%), treated
with insulin or insulin plus metformin, using multiple
insulin injection regimen (4 or 5 injections per day)
since at least 1 year. All participants were treated at the
Outpatient Clinic of Diabetology, University Teaching
Hospital No 1, Lodz.
The following exclusion criteria were adopted:
—— newly diagnosed type 2 diabetes;
—— autoimmune diabetes;
—— diabetes caused by other diseases;
—— diabetes decompensation caused by transient conditions (interruption of medication, injury, surgery,
corticosteroid therapy);
—— neoplastic disease;
—— diagnosed advanced chronic diabetes complications (micro- or macroangiopathy);
—— failure to obtain patient’s consent for hospitalization.
The study protocol has been approved by Research Ethic Committee of Medical University of Lodz
(approval number RNN 930/11/KB). All patients were
informed about the details of the project and the aim
of the study, and gave informed written consent for
participation in the study.
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Number of subjects
Gender (women/men)

Experimental

Control

group

group

36

24

NS

23/13

14/10

NS

Age (years)

59.9 ± 7.7

61.3 ± 7.2

NS

Weight [kg]

92.9 ± 19.1

94.6 ± 17.2

NS

[kg/m2]

33.5 ± 5.8

32.8 ± 5.1

NS

98.3 ± 12

99.7 ± 13.1

NS

Hip circumference [cm]

101.3 ± 14

105.7 ± 11.2

NS

WHR

0.92 ± 0.06

0.91 ± 0.08

NS

6.3 ± 3.0

6.1 ± 4.1

NS

9.7 ± 1.8%

9.4 ± 1.6

NS

BMI

Waist circumference [cm]

Diabetes duration (years)
HbA1c (%)

BMI — body mass index; WHR — waist-to-hip ratio
Data are presented as numbers or mean ± SD

The patients were randomized to experimental
or control group. The patients from the experimental
group were referred to the Department of Internal
Diseases and Diabetology of Medical University of
Lodz in order to perform intravenous insulin infusion.
The patients from the control group continued the
treatment in Outpatient Clinic of Diabetology, Teaching Hospital no 1, Lodz. Table 1 presents study groups
characteristics.
Intravenous insulin infusion (for at least 72 hours)
consisted of basal rate and three 90-minute prandial
boluses. Short-acting human insulin was administered
in 0.9% NaCl solution (50 IU in 50 mL, 1 IU/1 mL) using automatic infusion pump. Initial insulin dose was
established based on insulin doses used by the patient
before the study. Initial basal rate (in IU/h) was calculated as 50% of the patient’s daily insulin dose divided
by 24. Remaining 50% of insulin dose were divided
into 3 prandial boluses (breakfast, lunch and dinner).
Capillary blood glucose level was measured every
60 min during the day and every 120 min during night-time; basal infusion rate was then modified according
to study protocol:
—— glucose level < 40 mg/dL — infusion rate reduction by 0.4 UI/h;
—— glucose level 40–60 mg/dL — infusion rate reduction by 0.2 UI/h;
—— glucose level 60–80 mg/dL — infusion rate reduction by 0.1 UI/h;
—— glucose level 80–120 mg/dL — no changes in
infusion rate;
—— glucose level 120–150 mg/dL — infusion rate increase by 0.1 UI/h;
—— glucose level 150–200 mg/dL — infusion rate increase by 0.2 UI/h;
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—— glucose level > 200 mg/dL — infusion rate increase by
0.3 UI/h and additionally a bolus of 60 UI/h for 4 min.
Prandial boluses lasted 90 min and were initiated
at the beginning of the meal at strictly defined time
during the day: 7.30–9.00, 12.00–13.30, 19.00–20.30.
Each bolus was divided into three periods: during
first 20 min the patient received 30% of the dose, du
ring subsequent 30 min — 50%, and during remaining
50 min — 20% of estimated insulin dose for one prandial
bolus. Subsequent prandial boluses were established
based on glucose-lowering effects of previous boluses.
Intravenous insulin infusion was continued until
achieving sufficient metabolic control, but not shorter
than 72 h. Sufficient metabolic control was defined
as fasting and pre-prandial blood glucose within the
range of 70–120 mg/dL and blood glucose 2 h after
meal < 160 mg/dL.
In the control group, insulin doses were modified
based on glycaemic profile including glucose measurement performed in fasting state, prior to and 2 h after
main meals and at the bedtime. The patients performed
self-measurements of glucose levels and noted the
results in the diabetes diary. They were asked to bring
the diary to follow-up visits every 3 months.
In both groups examination was performed at
baseline and after 6 months of follow up and included:
medical history, physical examination, anthropometric
measurements, blood pressure, HbA1c, and lipid profile.
In both groups necessary insulin dose modifications
were made during follow-up visits performed every
3months to achieve acceptable glycaemic profile. All
patients were given recommendations concerning the
diet and administration and adjusting of insulin doses.
Patients were recommended to modify insulin doses
according to provided written instructions.
The treatment goal was to achieve glucose level
within the range of 70–120 mg/dL in a fasting state
and before meals and < 160 mg/dL 2 h after meals,
without hypoglycaemic episodes. In patients receiving metformin the dose was constant throughout the
whole study period.
Statistical analyses were performed using the Statistica 9.1. software.

Results
In the experimental group 6 months after CIVII
HbA1c value decreased from 9.7 ± 1.8 to 8.8 ± 1.6%
(p < 0.05). Shortly after CIVII daily insulin requirement
decreased from 64.5 ± 24,6 to 50.7 ± 10.8 IU/day
(p < 0.05), yet 6 months later it was similar to baseline
values (69.6 ± 27 IU/day vs. 64.5 ± 24.6 IU/day) (Fig. 1).
No changes in body weight, waist circumference, blood
pressure, or lipid profile were noticed (Tab. 2).

Figure 1. Changes in daily insulin dose in both groups during the study

Table 2. Analysis of assessed parameters in the experimental group
Experimental group

Baseline

At 6 months

Weight [kg]

92.9 ± 19.1

92.7 ± 18.8

NS

[kg/m2]

33.5 ± 5.8

33.7 ± 6.4

NS

98.3 ± 12

97.4 ± 13

NS

Hip circumference [cm]

101.3 ± 14

103.6 ± 11

NS

WHR

BMI

Waist
circumference [cm]

0.92 ± 0.06

0.91 ± 0.06

NS

HbA1c (%)

9.7 ± 1.8

8.8 ± 1.6

p < 0.05

CH [mg/dL]

206.5 ± 81.2

205 ± 61.9

NS

TG [mg/dL]

335.7 ± 336.6 239.1 ± 106.3

NS

HDL [mg/dL]

42.2 ± 7.7

43.7 ± 9.7

NS

LDL [mg/dL]

119.9 ± 42.5

116 ± 48.7

NS

SBP [mm Hg]

126.8 ± 9.8

126.8 ± 9.6

NS

DBP [mm Hg]

76.4 ± 9.7

74.3 ± 8

NS

BMI — body mass index; WHR — waist-to-hip ratio; TG — triglycerides;
HDL — high-density lipoprotein; LDL — low-density lipoprotein;
SBP — systolic blood pressure; DBP — diastolic blood pressure

In the control group no changes were observed
in analysed parameters, but there was a significant
increase in daily insulin dose (from 66 ± 22.4 IU/day to
80.4 ± 24.6 IU/day) (p < 0.05) (Fig. 1, Tab. 3).

Discussion
Continuous intravenous insulin infusion is a method commonly used in diabetic patients in life-threatening conditions (ketoacidosis, hyperosmolar
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Table 3. Analysis of assessed parameters in the control
group
Control group

Baseline

At 6 months

Weight [kg]

94.6 ± 17.2

95.1 ± 14.5

NS

BMI [kg/m2]

32.8 ± 5.1

34.3 ± 6.9

NS

Waist circumference [cm] 99.7 ± 13.1

99.8 ± 14.3

NS

Hip circumference [cm]

105.7 ± 11.2 106.1 ± 11.8

NS

WHR

0.91 ± 0.08

0.94 ± 0.06

NS

9.4 ± 1.6

9.2 ± 1.9

NS

HbA1c (%)
CH [mg/dL]

216.6 ± 65.7 212.7 ± 69.7

NS

TG [mg/dL]

345.4 ± 372 363.1 ± 327.7

NS

HDL [mg/dL]
LDL [mg/dL]

44 ± 7.3

43.7 ± 8

135.3 ± 34.8 139.2 ± 34.8

NS
NS

SBP [mm Hg]

130 ± 6.2

128 ± 7

NS

DBP [mm Hg]

73.2 ± 9.4

74 ± 8.3

NS

BMI — body mass index; WHR — waist-to-hip ratio; TG — triglycerides;
HDL — high-density lipoprotein; LDL — low-density lipoprotein;
SBP — systolic blood pressure; DBP — diastolic blood pressure

hyperglycaemic syndrome, myocardial infarction, or
stroke) and during perioperative period [3, 4]. Rapid
onset and short time of action of insulin administered
intravenously make it possible to modify the dose in
response to glucose level measured at specific time
point. Additionally, intravenous insulin administration
provides above 100% bioavailability, which enables
precise estimation of real insulin requirement [4, 5].
Continuous intravenous insulin infusion is not a
standard treatment aiming at reducing blood glucose
in type 2 diabetes patients with insufficient metabolic
control.
Boullu-Sanchis et al. compared the effects of CIVII
and continuous subcutaneous insulin infusion (CSII)
and showed that both methods have comparable effectiveness in terms of glucose lowering. According
to the authors, more convenient method is CSII [6].
However, it should be noted that CIVII is more feasible
treatment in Poland. Continuous intravenous insulin
infusion results in glycaemic control improvement,
enables fast and precise insulin dose adjustment, and,
in consequence, reversion to lower doses necessary to
achieving normoglycaemia [6]. However, long-term effect of this procedure has not been established [4, 6].
Pouwelsa et al. used CIVII in a study performed in type 2
diabetes patients with insufficient metabolic control
and achieved marked reduction of insulin requirement
immediately following CIVII and HbA1c level reduction 6
and 12 months later. However, it should be mentioned
that after termination of CIVII, continuous insulin infusion using portable insulin pump was continued for 12
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months, which could have significant impact on HbA1c
reduction [7].
In our study, CIVII was used followed by intensive
insulin therapy including 4 or 5 injections per day. In
the experimental group daily insulin requirement immediately after CIVII was significantly reduced. At 6
months after discharge from the hospital HbA1c value,
accepted as a measure of long-term diabetes control,
was decreased by 0.9% compared with baseline.
Daily insulin dose at 6 months in these patients were
similar to baseline value, whereas in patients who did
not receive CIVII, daily insulin dose increased by 25%.
Despite elevated daily insulin dose, no HbA1c reduction
was observed in this group of patients.
The results of the study suggest that short-term intensive insulin therapy using CIVII may result in long-term
beneficial therapeutic effects without increasing insulin
doses. It is also worth pointing out that despite significant increase in insulin dose in control group, HbA1c
reduction has not been achieved. Therefore, glucose
toxicity decrease may play an important role [5, 8, 9].
Continuous glucose infusion used in the study did
not influence other assessed parameters, such as blood
pressure or lipid profile.
A barrier to common use of this treatment method
is the need of patient hospitalization. It seems that developing of unified, effective insulin infusion protocol
is needed. Polish Diabetes Association permits the use
of this procedure as an attempt to reduce insulin resistance, but does not recommend any specific protocol.
Many insulin dosing regimens for intravenous infusion
has been published; however, it is difficult to compare
their effectiveness and safety because of differences in
patients’ characteristics. Great majority of them considers patients in life-threatening conditions and treated
in intensive care units. The appropriate protocol should
define glycaemic targets and provide clear guidelines
for blood glucose monitoring and insulin dose adjustment, so that they could be easily implemented by
medical staff [3, 6, 10–12].
In the presented study modified protocol proposed
by Boullu-Sanchisa et al. was used. The modifications
necessary to perform the study included the way of
establishing initial insulin infusion rate and the amount
of insulin for prandial boluses which was calculated
based on insulin requirement prior to the study [6].
Furthermore, there are no recommendations in
the literature on how long intravenous insulin infusion
should be continued in patients with poorly controlled
type 2 diabetes. In a study by Boullu-Sanchis et al. using CIVII for 5 days, glycaemic control improvement
was observed after 12 hours of infusion [6]. Pouwels
et al., continued CIVII for as long as 31 ± 10 days [7].
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In a study performed by Meyers et al., long-term improvement of insulin secretion and insulin resistance
reduction were observed following 10-day CIVII [13].
In presented study attempt was made to assess the
effect of short-term CIVII. The duration of CIVII was
determined according to Polish Diabetes Association
guidelines which recommend that in patients with
marked insulin resistance attempt can be made to
reduce insulin resistance by using 72–96-hour intravenous or subcutaneous insulin infusion [2]. Based on
authors own experience, extended intravenous insulin
treatment is not related with additional benefits, but
results in prolonged hospitalization and is cumbersome
for patients.
In our study diabetes education was provided to all
participants, which could influence the improvement
of metabolic control [7]. However, in most of clinical
trials on the impact of diabetes education on glycaemic
control, the improvement of metabolic control was
accompanied by body weight reduction which was of
crucial importance [14–16]. Hyun et al. showed that
education was related to improvement in self-control,
dose adjustment by the patients and lifestyle modification, but had no effect on glycaemic profile or HbA1c
[17]. It should be noted that metabolic control improvement observed in hospitalized patients could have been
related to strict adherence to dietary recommendations.
Nevertheless, BMI remained unchanged in both groups,
which negates the impact of body weight reduction on
the improvement of insulin sensitivity and glycaemic
control in the study group.
Both groups were treated by the same therapeutic
team to avoid differences in patients’ management. Education and insulin dose modification were performed by
the same medical team in the hospital and outpatient
care settings. However, it should be remembered that
in the experimental group metabolic control could
have been influenced by increased motivation due to
hospitalization. This issue needs further evaluation.
The use of CIVII may be related with possible local
adverse reactions, such as cellulitis at the injection site
or superficial vein thrombosis. However, no such adverse reactions were observed during the study, which
indicates minimal risk of these complications.
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