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Abstract
Objective—To systematically investigate the effect of lack of adherence to the recommended
change in insulin pump infusion line use beyond 48 hrs and determine whether the type of insulin
made a difference.

Research design and methods—This was a double-blind, randomized, cross over trial with 20
patients with DM I using Insulins Aspart and Lispro without a line change for up to 100 hrs. Using
retrospective continuous glucose monitoring, we analyzed the average glucose over the day. Changes
in serum 1,5-anhydroglucitol, carboxymethyllysine, and Free 15-F2t Isoprostane were also studied.

Results—From day 2 to day 5 of the pump line use the daily avg. glucose level increased from
122.7 to 163.9 mg/dL (P < 0.05), fasting glucose from 120.3 to 154.5 mg/dL (P < 0.05): post prandial
glucose from 114.6 to 172.1 (P < 0.05): and the daily maximum glucose from 207.7 to 242.8 (P <
0.05 for the trend). Time period that the glucose was > 180 mg/dL increased from 14.5 % to 38.3 (P
< 0.05). Loss of control occurred despite increase in total daily insulin dose from 48.5 ± 11.8 units
to 55.3 ± 17.9 units (P = 0.05). There was no difference in loss of control between insulin types and
biomarkers measured did not change significantly.

Conclusions—The insulin pump infusion should be changed every 48 hours in patients using CSII,
to avoid loss of glycemic control. In the short term, this loss of glycemic control has no impact on
oxidative stress and glycation.
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Introduction
The Diabetes Control and Complications (DCCT) trial demonstrated the value of intensive
glycemic control(1). Continuous subcutaneous insulin infusion (CSII) was an important
component of intensive therapy in the DCCT and is an established treatment modality for
diabetes mellitus. Despite logical arguments regarding the ability of CSII to deliver insulin in
a more physiologically appropriate manner than multiple daily injections (MDI)(2;3), it has
been hard to demonstrate the long term superiority of this treatment over MDI. In trials of short
duration, CSII therapy with insulin analogs has resulted in lower glycemic exposure without
increased risk of hypoglycemia as compared to MDI. In practice many patients treated with
CSII remain poorly controlled. The reasons for the lack of success of CSII in such patients are
unclear.

The recommended duration of needle use or pump infusion line use is 48–72 hours. In 1983,
Morbidity and Mortality Weekly Report (4) published a case of an 11 year old girl with type
1 diabetes using CSII who frequently did not change the pump infusion site for ten days. She
had staphylococcus aureus abscess at needle insertion site and was diagnosed with toxic shock
syndrome. Infection at the infusion site is among the most frequently encountered
complications of CSII (5;6). Since no specific procedural guidelines are available to minimize
the risk of subcutaneous infections in users of CSII, the recommendation by The Food and
Drug Administration (FDA) is based on Center for Disease Control (CDC)’s Guideline for
Prevention of Intravascular Infections(4;7). This however, has not been tested in a randomized
controlled trial. Factors affecting the stability of the insulin have also been studied in vitro(8).
We have observed that many patients do not adhere to this recommendation. Instead, they wait
for the self monitoring blood glucose (SMBG) levels to rise or the insulin in the pump to run
out before changing the pump infusion line. Since the consequences of such delays have never
been systematically investigated we conducted a study to document the effect of lack of non
adherence with this recommendation, and thereby determine the optimal time interval between
pump infusion line changes in CSII. The primary objective of our study was to determine the
optimal duration of pump infusion line use without loss of glycemic control and its effect on
glycemic control and biomarkers of long term complications. In addition we also tested whether
there was a difference in the optimal duration of pump infusion line use without loss of glycemic
control with use of Insulin Aspart and Lispro, which are two of the three FDA approved insulins
in use in CSII in external pumps.

Research Design and Methods
This was a prospective, double blind, cross over, randomized controlled trial. Patients with
DM I using CSII between the ages of 18 and 75 with HbA1c ≤ 8.0%, serum creatinine ≤ 1.2
mg/dL were recruited from outpatient clinics. Pregnancy was an exclusion criteria. Please see
fig. 1 for a schematic of the test period schedule and patient characteristics. All patients gave
informed consent. 24 patients were screened and 20 patients participated in and completed the
study of whom, 16 were female and 4 were male. Patients continued to use their own insulin
pump during the study. If they qualified for the study after screening, they were randomized
to either insulin Lispro or Aspart as insulin 1. They used the insulin that they were randomized
to for up to a week. Test period one then commenced with their pump infusion line change.
On the second day, patients came to the Clinical and Translation Research Center (CTRC) for
insertion of the retrospective Continuous Glucose Monitor (CGM). Continuous Glucose
Monitor Model MMT-1702 by Minimed Inc., CA was used for 3 days and patients did not
have access to their glucose level while in the study. On days, 3, 4, and 5 the patients came to
the CTRC in a fasting state. Blood was drawn prior to being given a standardized breakfast
after which they had plasma glucose level done every half an hour for four hours while at

Thethi et al. Page 2

J Diabetes Complications. Author manuscript; available in PMC 2011 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



CTRC. Serum from the blood samples was stored at −70 degree Celsius. Samples from five
patients were lost due to hurricane Katrina.

During this four hour post - prandial period, patients were allowed to give themselves correction
boluses of insulin if they needed to. They also maintained a diary of their daily total insulin
dose requirements during the study test period. On day 5, after the 4 hour blood draw was over
(i.e. at the end of 100 hours), patients were asked to change their pump infusion line and switch
to insulin number 2. They used the second cross over insulin for up to a week and then entered
test period 2 following the same protocol as test period 1. If the SMBG or plasma glucose was
> 300 mg/dL at any time between 48 to 100 hours after the pump infusion line change, the test
period was terminated and the patients were advised to change their pump infusion line.

Serum samples from days 3 to 5 of the test period were analyzed for 1,5-anhydroglucitol (1,5-
AG). 1,5-AG was assayed by using the enzymatic method kit, Glycomark, in Pharmaceutical
Research Laboratories of Nippon Kayaku (Gunma, Japan) the carboxymethyllysine (CML)
measurement was performed using the ELISA kit with anti-CML antibody by SRL, Inc.
(Tokyo, Japan). Free 15-F2t isoprostane was quantified in EDTA plasma using a fully validated
highly sensitive, automated LC/LC-MS/MS assay(9).

Main outcome measures
The main outcome measures were changes in various CGMS and blood glucose parameters
from 24 to up to 100 hours after pump infusion line change. The parameters analyzed from the
CGMS data were daily avg. glucose, average pre meal glucose, avg. 2 hour post prandial
glucose, daily maximum glucose and the percentage of time the glucose was > 180 mg/dL in
a 24 hour period. Changes in peak blood glucose were analyzed from the data gathered from
the patient’s stay at the GCRC during the protocol. The duration of use of the pump infusion
line without loss of glycemic control up to 100 hours since the last pump infusion line change
was another outcome measure that was compared between Insulins Aspart and Lispro. Serum
1,5-anhydroglucitol (1,5-AG), carboxymethyllysine and Free 15-F2t isoprostane levels were
measured from samples collected from days 3 to 5 of the test period.

Statistical Analysis
All data was analyzed on an intention to treat basis. Repeated measures, paired t-test and
Pearson’s correlation on SPSS 14.0 for windows and statistical R-package were used to
compare the various variables. Data was downloaded from the CGM using The Solutions™

Software (MMT-7310) for each patient and for each test period.

Results
Results are summarized in table 1. The mean age of our patients was 45.5 + 14.3 years, while
the mean HbA1c and serum creatinine were 7.4 ± 0.4 % and 0.84 ± 0.14 mg/dL respectively.
The daily avg. glucose level increased from day 2 to day 5 of the pump line use from 122.7
mg/dL to 163.9 mg/dL (P < 0.05 for the trend). The avg. pre meal glucose showed a progressive
increase from 120.3 mg/dL on day 2 to 154.5 mg/dL on day 5 (P < 0.05 for the trend). This
was in parallel to a significant rise in the 2 hour post prandial glucose from 114.6 mg/dL on
day 2 to 172.1 mg/dL on day 5 (P < 0.05 for the trend) and the daily maximum glucose (mean
daily maximum glucose was 207.7 mg/dL on day 2 and 242.8 mg/dL on day 5, P < 0.05 for
the trend). The amount of time that the glucose was > 180 mg/dL in a 24 hour period increased
from 14.5 % on day 2 to 38.3 % on day 5 (P < 0.05 for the trend). These values from the CGMS
data reflected changes in the interstitial fluid glucose. The peak blood glucose was the
maximum blood glucose during the 4 hour post prandial period after breakfast while the
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patients were in CTRC between days 3 to 5. The peak blood glucose on day 3 was 269 ± 34.6
mg/dL and increased to 212.9 ± 40.2 mg/dL on day 5, being non statistically significant.

Since the patients were allowed to give themselves additional correction boluses in accordance
to their SMBG or the plasma glucose values, we computed the daily avg. glucose rise in context
of the total daily insulin doses. Figures 2 and 3 summarize the progressive increase in the total
daily dose of insulin starting 48 hours after the line change, with concomitant increase in the
daily avg. glucose values seen. The average total daily insulin dose was 48.5 ± 11.8 units on
day 3 which progressively increased to 55.3 ± 17.9 units on day 5 (P = 0.05 for trend). The
administration of the correction boluses may also explain the non significant rise in the peak
blood glucose in the post prandial period. There was no significant difference between the
length of time of use of the pump infusion line up to 100 hours between Insulins Aspart and
Lispro (96.4 ± 8.5 and 98.1 ± 6.8 hours respectively, P = 0.52). 7 patients underwent early
termination of either one or both of their test period (i.e. before 100 hours from pump infusion
line change) due to loss of glycemic control (defined as blood glucose > 300 mg/dL). Figure
1 summarizes the details of these patients. One patient’s test period was terminated early as
the patient forgot to reconnect the insulin pump after temporary discontinuation during the test
period which resulted in a blood glucose level of >300 mg/dL. The data on that patient for that
particular day was not included in the analysis.

Serum 1,5-AG was 5.1 ± 4.13 μg/ml on day 3 and 5.6 ± 4.2 μg/ml on day 5 (P = 0.15 for trend).
There was a statistically non-significant increase in serum CML (5.6 ± 0.9 μg/ml on day 3 and
5.8 ± 0.7 μg/ml on day 5, P = 0.42) and Free 15-F2t isoprostane (6.9 ± 2.5 pg/ml on day 3 and
6.5 ± 2.2 pg/ml on day 5, P = 0.55).

Conclusions
Our study clearly demonstrates that glycemic control deteriorates after 48 hours of insulin
pump line use and further prolongation of line use leads to additional incremental loss of
glycemic control. There is no prospective data to support the FDA’s recommendation to change
the pump infusion line after 48 to 72 hours of use. Our study investigated the consequences of
use of the pump infusion line up to 100 hours since the last line change. After 48 hours of pump
infusion line change, the mean daily glucose, the fasting glucose, the 2 hour post prandial
glucose, and the percentage of time spent above a blood glucose > 180 mg/dL increase
significantly. This deterioration occurred despite an increase in insulin doses. However, we
did not observe any deterioration in biomarkers of oxidative stress and glycation over this time
period.

Evidence suggests that CSII has the ability to improve glycemic control(10–13). Several factors
affect glycemic control in patients using CSII(14). Since this was a cross over study, the various
factors remained the same for both arms of the study, as each patient served as their own control.
In a recent study(15), the authors have speculated that the trend toward fewer catheter
occlusions, though not significant, with insulin glulisine in comparison to insulin aspart maybe
due to the absence of zinc and the presence of polysorbate 20 in the formulation. The subjects
changed the pump infusion line every 2 days. A study done by Burdick et al(16) has shown
that missed meal time insulin boluses were associated with sub-optimal glycemic control in
youths using CSII. There are other factors that may affect the stability of insulin and have been
studied in vitro(8). However, we believe that the frequency of pump infusion line change is
also an important factor to be considered as cause of suboptimal glycemic control. Our study
suggests that the optimal duration of pump infusion line use is 48 hours from the last line
change.
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Hyperglycemia and glycemic variability are associated with oxidative stress. This is true for
type 1 and type 2 diabetes(17;18). The use of a single anatomic site for the continuous infusion
of insulin contributes to a more consistent effect of insulin(19). CSII has been shown to
decrease glucose variability(20;21). Our hypothesis was that this advantage may be abrogated
by prolonged use of the pump infusion line. This is important as glycemic excursions, including
post prandial hyperglycemia contribute to a higher HbA1c and increases the risk for
cardiovascular disease(22;23). 1,5 – AG is the 1-deoxy form of glucose whose reabsorption is
competitively inhibited by glucose in the renal tubule causing urinary loss of 1,5-AG in
presence of even transient hyperglycemia. Markers of glucose control such as 1,5-AG that
reflect short term, post prandial glycemic changes are a useful adjunct tool to assess the
glycemic control as HbA1c reflects changes over the past 2–3 months. A decrease in plasma
1,5-AG levels with hyperglycemia as would be expected and has been demonstrated by others
(24) was not seen in our study perhaps related to the small sample size.

Non-enzymatic glycation of proteins and their end products (advanced glycation end products,
AGE) have been implicated in the pathogenesis of diabetic complications(25). Accumulation
of CML-modified proteins have been shown to be significantly greater in the cerebral vessels
of the diabetic patients than their age-matched controls besides being significantly increased
in patients with simple retinopathy(26). Whether such changes seen in the short term are
unclear. Our study failed to demonstrate such an increase.

F2-Isoprostanes (F2-IsoPs)3, the stable isomers of prostaglandin F2a (PGF2a), are considered
a reliable index of in vivo oxidative stress(27). Evidence has suggested that oxidative stress
(OS) may play a role in the pathogenesis of diabetic complications, although the relationship
between hyperglycemia and OS is inconsistent in diabetic clinical studies. Statistically
significant reduction in 8-epi-PGF(2 alpha) values has been demonstrated in patients with type
I diabetes upon improvement in metabolic control(28). However, the rise in isoprostane levels
was not statistically significant in our study. Oxidative stress has been shown to be more closely
related to glucose excursions rather than HbA1c(17) in cross-sectional studies. However, in
our prospective study we have failed to demonstrate increased oxidative stress with poor short
term control. It is possible that this risk was minimized by patients giving themselves larger
boluses of insulin following meals, which we had to allow for safety. Recently though, short
term glycemic dysregulation in patients with type 1 diabetes has been shown not to modulate
cardiac function(29) which is compatible with no significant rise in markers of oxidative stress
with short term hyperglycemia.

Given the importance of achieving the goal of glycemic control and the various determinants
of glycemic control, it is imperative that the insulin pump infusion be changed every 48 hours
in patients treated with CSII.
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Figure 1.
Schematic Representation of the protocol.
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Figure 2.
The average total daily insulin dose from days 3 to 5 of the test period.
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Figure 3.
The average daily interstitial glucose levels from days 3 to 5 of the test period. To convert mg/
dL of glucose to mmol/L multiply by 18 or divide by 0.055
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