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RESEARCH LETTER

Effect of Tubing Flush or Preconditioning
on Available Insulin Concentration 
for IV Infusion: A Pilot Project

INTRODUCTION

Insulin is commonly administered by continuous infusion for
the management of hyperglycemia. Concerns exist about consistent
delivery of insulin because there is adsorption of insulin to the infusion
bag and tubing.1Once equilibrium between the insulin binding sites
and solution is attained, insulin delivery becomes consistent. Several
factors influence the rate of equilibration, including flow rate, 
concentration of the insulin solution, and components of the delivery
system.1 Tubing composition has a significant impact on insulin 
adsorption rates, and a range of 20% to 80% has been reported.2

With each solution change, the process of adsorption leads to 
inconsistency in insulin concentrations for many hours, putting 
patients at risk of morbidity and mortality associated with unantici-
pated hyperglycemia or hypoglycemia.3,4

Acceptable strategies to minimize the impact of insulin 
adsorption include flushing or preconditioning of the tubing. 
Flushing involves priming the tubing with a specified volume of 
insulin solution. Preconditioning involves priming the tubing with
insulin solution, allowing the solution to dwell, and then flushing
the tubing. Hewson and others1 found higher total insulin delivery
and less variability in insulin concentration with preconditioned 
tubing.1 Thompson and others3 showed that dwell time did not 
affect the initial insulin concentration with polypropylene sets, but
they did not determine whether there was an effect on insulin 
concentration during the infusion.

The objective of this study was to determine whether available
insulin concentration differed between flushing and preconditioning
of polyethylene-lined tubing.

METHODS

Two bags of insulin solution (0.1 units/mL, designated bag 1
and bag 2) were prepared by adding 50 units of regular human 
insulin (Humulin R, 100 units/mL, Lilly, Toronto, Ontario) to 
500-mL bags of 0.9% sodium chloride (Baxter, Mississauga, 
Ontario). The bags of insulin solution were then inverted several
times and allowed to sit for 60 s. A syringe was used to collect a 
sample from each bag (denoted as samples A and D, respectively)

for determination of initial insulin concentration. A primary IV 
low-sorbing, polyethylene-lined tubing set (reference 2260-0500,
Carefusion, Mississauga, Ontario [tubing set manufactured in 
Mexico]) was then connected to each bag. The tubing was 286 cm
long, with a priming volume of 23 mL. The infusion sets were
primed with insulin solution, so that all air bubbles were eliminated.

For bag 1, the tubing was flushed with an additional 25 mL of
the insulin solution. After completion of the flush (time 0), a sample
of the effluent (designated sample B) was collected from the tubing.
The insulin infusion was then initiated at 5 mL/h using an Alaris
PC pump (Carefusion). One hour later, another sample of the 
effluent (designated sample C) was collected from the tubing.

For bag 2, the tubing was preconditioned, as follows: the insulin
solution in the primed tubing was allowed to dwell for 30 min, and
the tubing was then flushed with an additional 25 mL of insulin 
solution. After completion of the flush (time 0), a sample of the 
effluent (designated sample E) was collected from the tubing. The
insulin infusion was then initiated at 5 mL/h using the Alaris PC
pump. One hour later, another sample of the effluent (designated
sample F) was collected from the tubing.

For each sample, 0.04 mL of insulin solution was collected in
a 1-mL syringe. The insulin solution was then immediately added
to 30 mL of 5% human albumin (Grifols, Mississauga, Ontario),
which is well known to prevent insulin adsorption to glass and plastic
surfaces. The syringe containing insulin and albumin was then 
inverted 10 times. A portion of the solution was transferred into a
red-top collection tube and frozen at –20°C until analysis, about 
28 h. All of the samples were analyzed in a single day using the Roche
electrochemiluminometric assay for human insulin on a Roche
Cobas e601 analyzer, according to the manufacturer’s instructions.
This assay has an analytical measuring range of 15 to 6945 pmoL/L
and observed coefficients of variation of 7% at 19.9 pmoL/L, 2% at
174 pmol/L, and 2.3% at 494 pmol/L.

RESULTS

The solution in the preconditioned tubing had higher concen-
trations of available insulin at time 0 and 1 h after infusion than did
the solution in the flushed tubing (Table 1).

DISCUSSION

In this study, there was a difference in the available insulin 
concentration depending on whether the polyethylene-lined tubing
was flushed or preconditioned. Both tubing-preparation methods
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led to an available insulin concentration that was substantially lower
than the initial insulin concentration. Preconditioning led to higher
insulin concentrations that were more consistent over time (73.8%
at start of infusion and 68.5% after 1 h). In contrast, flushing resulted
in only 21% of the initial concentration being available after 1 h.
Similarly, Ley and others5 found that 34% of the anticipated insulin
concentration was available at 1 h.

Many strategies for tubing preparation have been reported to
minimize variability in insulin delivery.1,3-8 However, these studies
had different variables, including tubing composition, insulin 
concentration, flow rates, and times of analysis.1,3,5-8 Other factors
influencing recommendations for insulin preparation include the
amount of insulin solution that is wasted during insulin preparation
and preparation time.3,6

With so many variables at play, a single strategy for adminis-
tration of insulin may not ensure safe and effective concentrations
of the drug for all scenarios. If polyethylene-lined tubing is used for
insulin infusions, preconditioning of the tubing should be considered
as a strategy for more consistent insulin delivery. A larger study is
needed to determine the optimal preconditioning time for this 
tubing, as well as to assess the insulin concentration over 24 h.
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Table 1. Available Insulin Concentration

Bag and Sample*                           Insulin Concentration                       % Insulin
                                                                    (pmoL/L)                              Relative to Bag
Bag 1 (flushed tubing)
A (bag)                                                     1075.0                                       —
B (at time 0)                                               573.7                                       53.4
C (at 1 h)                                                    227.3                                       21.1
Bag 2 (preconditioned tubing)
D (bag)                                                     1174.0                                       —
E (at time 0)                                                866.8                                      73.8
F (at 1 h)                                                     804.6                                      68.5
*Samples B, C, E, and F consisted of effluent from the polyethylene-lined tubing. 


