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Li s p ro insulin is an analog of human
insulin in which the amino acids at
positions 28 and 29 on the B-chain

a re reversed in sequence. This change does
not alter the metabolic action of insulin but
results in a faster rate of absorption fro m
injection sites than does regular human
insulin (1,2). Pharmacokinetic studies
indicate that lispro insulin acts within 15
min, peaks in 1 h, and disappears within
2–4 h after subcutaneous injection (3).
The rapid onset and short duration of
l i s p ro insulin suggest that the analog may
be especially useful in insulin pump ther-
apy (continuous subcutaneous insulin
infusion [CSII]) (4).

CSII is a means to clinically mimic the
physiology of normal insulin secre t i o n
and has been used successfully in inten-
sively treated patients with IDDM. How-
e v e r, interruption of insulin infusion
because of catheter occlusion or other
causes is a concern when using CSII, par-
ticularly at night, because it can lead to
metabolic decompensation and diabetic
ketoacidosis. Because lispro insulin is
m o re rapidly absorbed from the subcuta-
neous injection site, patients using lispro
as their pump insulin may be at gre a t e r
risk for more rapid metabolic decompen-
sation in the case of interruption of the
insulin infusion (5). This study was under-
taken to compare the rapidity of metabolic
decompensation after interruption of CSII
between buff e red human regular insulin
and lispro insulin.

Acute hyperglycemia and ketosis are
common occurrences in patients with
IDDM, re g a rdless of the type of tre a t m e n t ,
and are usually the result of an interc u rre n t
illness. Such “sick days” are normally man-
aged at home by subcutaneous injections of
human regular insulin in doses of 0.2 U/kg
e v e ry 2–4 h. A second aim of this study,
t h e re f o re, was to determine whether the
m o re rapid absorption of lispro insulin
might provide more rapid correction of
h y p e rglycemia and mild ketosis in IDDM.
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Comparison of Human Regular and
L i s p ro Insulins After Interruption of
Continuous Subcutaneous Insulin Infusion
and in the Treatment of Acutely
Decompensated IDDM

O R I G I N A L  A R T I C L E

O B J E C T I V E — To compare the rapidity of metabolic decompensation after interruption of
CSII between human regular and lispro insulin and to compare these two insulins in the cor-
rection of the hyperglycemia and ketosis of mildly decompensated IDDM. Lispro insulin may
be especially useful for insulin pump therapy (continuous subcutaneous insulin infusion
[ C S I I ] ) .

RESEARCH DESIGN AND METHODS — A total of 18 patients with well-contro l l e d
IDDM (HbA1 c 7.7 ± 1.1%, age 30 ± 11 years) were studied. All were being treated with CSII
(nine with human regular and nine with lispro insulin). The study consisted of two phases: 1)
an insulin interruption phase, in which the basal insulin infusion was stopped (at 0300) and
plasma insulin, glucose, and -O- h y d roxybutyrate ( -OHB) were measured every 15–60 min
for 6 h after interruption of the insulin infusion and 2) an insulin replacement phase, which
involved measuring plasma insulin, glucose, and - O H B for 2 h after a single injection of either
human regular or lispro insulin to correct the hyperglycemia and ketosis that developed dur-
ing the first phase of the study.

R E S U LT S — After interruption of the basal insulin infusion during the insulin interru p t i o n
phase, plasma insulin levels fell gradually in both groups to nadir values of 1.6 ± 0.8 and 2.0
± 1.2 µU/ml in the regular insulin- and insulin lispro – t reated groups, re s p e c t i v e l y. Plasma glu-
cose concentrations rose to 13.8 ± 1.9 and 16.0 ± 1.7 mmol/l in the regular insulin- and insulin
l i s p ro – t reated groups, re s p e c t i v e l y. No significant diff e rences were seen between the therapy
g roups at any time in the insulin levels or in the concentrations of plasma glucose or - O H B .
In the insulin replacement phase, insulin levels rose more rapidly in those treated with lispro
insulin, reaching a greater peak value (e.g., at 60 min, plasma insulin 25 ± 3.4 vs. 15.6 ± 2.6
µU/ml, P 0.05). In association with this, plasma glucose decreased to a lower nadir after
l i s p ro insulin (9.7 ± 0.4 vs. 13.7 ± 0.7 mmol/l, lispro- vs. re g u l a r- t reated groups at 120 min after
insulin administration, P 0.01). -OHB levels decreased rapidly in both gro u p s .

C O N C L U S I O N S — In patients treated with CSII, interruption of the basal insulin infusion
in the middle of the night does not result in more rapid metabolic decompensation in patients
t reated with lispro compared with those treated with regular human insulin. Lispro insulin is
e ffective in treating mild ketosis and hyperglycemia, and its rapid action may be advantageous
in the “sick day” management at home of patients with IDDM.
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CSII interruption: lispro versus regular insulin

RESEARCH DESIGN AND
M E T H O D S

Subjects
Eighteen patients with IDDM (10 men, 8
women) were studied. All were being
t reated with CSII; nine were treated with
b u ff e red human regular insulin (Ve l o s u l i n ,
Novo Nordisk, Princeton, NJ) and nine
with lispro insulin (Humalog, Eli Lilly, Indi-
anapolis, IN). Insulin lispro is buff e red with
dibasic sodium phosphate. None of the
patients had evidence of impaired re n a l
function, macrovascular complications of
IDDM, or other chronic disease. The clini-
cal characteristics of the subjects are sum-
marized in Table 1. The protocol was
a p p roved by the Yale Human Investigation
Committee, and each subject gave written
i n f o rmed consent to the study.

Protocol
The protocol consisted of two phases. The
first phase (insulin interruption phase)
involved an 8-h period of acute insulin with-
drawal as a result of discontinuation of CSII
at 0300. To be eligible for this phase of the
s t u d y, plasma glucose levels had to be
between 3.3 and 8.3 mmol/l (60–150
mg/dl) during the 1 h before interruption of
the basal insulin infusion (6). The second
phase (insulin replacement phase) involved
studying the same subjects after a single
subcutaneous injection of either human re g-
ular (Humulin, Eli Lilly) or lispro insulin
given to correct the hyperglycemia and keto-
sis that developed during the first phase. To
be eligible for this phase of the study, the
patients had to have developed moderate
h y p e rglycemia (plasma glucose 1 3 . 9
mmol/l [250 mg/dl]) or moderate ketonuria
during the insulin interruption phase.

All subjects were admitted to the Ya l e
General Clinical Research Center in the
a f t e rnoon of the first day of the study. An

intravenous catheter was inserted into an
antecubital vein for blood sampling. Sub-
jects received their usual basal rates and
p resupper (at 1730) and bedtime (2200)
bolus doses in order to achieve a plasma
glucose of 3.3–8.3 mmol/l (60–150 mg/dl)
b e f o re the interruption of CSII at 0300. In
two subjects, plasma glucose levels were

8.3 mmol/l between 0200 and 0300, and
they were discharged and readmitted on a
second occasion when target glucose levels
w e re achieved before initiation of the fir s t
phase of the study. Baseline insulin and
substrate concentrations were obtained
between 0230 and 0300, and then the CSII
basal insulin infusion was stopped. Blood
samples for the measurement of glucose
w e re obtained every 15 min, for insulin
e v e ry 10–30 min, and for -O- h y d ro x y b u-
tyrate ( -OHB), bicarbonate, and pH every
1 h. In addition, urinary ketone measure-
ments were obtained with every void. The
insulin interruption phase of the study was
t e rminated after 8 h or earlier if plasma glu-
cose was 19.4 mmol/l (350 mg/dl) or if
t h e re was moderate ketonuria.

After the period of insulin withdrawal,
the patients were randomly assigned to
receive a single injection of either regular or
l i s p ro insulin (0.2 U/kg body wt), irre s p e c-
tive of the insulin they had been re c e i v i n g
by CSII. The insulin was given into the sub-
cutaneous tissue of the anterior abdominal
wall. After this, blood sampling was con-
tinued for an additional 2 h.

Measurements and analysis
Plasma glucose levels were measured by
the glucose oxidase method with a Beck-
man glucose analyzer (Brea, CA). Plasma
f ree insulin was measured by double anti-
body radioimmunoassay (Diagnostic Sys-
tems Laboratories, We b s t e r, TX). Plasma
samples were treated with polyethylene gly-
col immediately after separation to pre c i p i-

tate antibody-bound insulin, and the super-
natant was measured for free insulin. Seru m

-OHB was measured using an enzymatic
assay as described previously (7).

Demographic data (Table 1) are ex-
p ressed as means ± SD and other data as
means ± SEM. Changes in glucose, insulin,
and -OHB were compared between gro u p s
using Student’s t tests and analysis of vari-
ance with repeated measures design.

R E S U LT S

Insulin interruption phase
Of the nine patients who received lispro
insulin, two completed the 480-min insulin
i n t e rruption phase, but in the re m a i n i n g
seven, the study was shortened: ketonuria
developed in three subjects, and plasma glu-
cose rose above 19.4 mmol/l (350 mg/dl) in
four subjects. Similarly, in the nine patients
t reated with regular insulin, three completed
480 min, and in six subjects, the study was
s h o rtened (three with moderate ketonuria
and three with glucose above 19.4 mmol/l
[350 mg/dl]). The duration of the insulin
i n t e rruption phase of the study ranged fro m
240 to 480 min in both groups, and the
mean duration did not differ signific a n t l y
between the two groups (400 ± 26 vs. 377 ±
25 min, regular vs. lispro, NS).

F i g u re 1 shows insulin, glucose, and -
OHB pro files after interruption of CSII in
patients receiving regular and lispro insulin
for the first 6 h of the study. Baseline plasma
insulin concentrations during basal insulin
infusion (CSII) were similar in the re g u l a r
(8.7 ± 1.9 µU/ml) and lispro (11.8 ± 3.1
µU/ml) treatment groups. After interru p t i o n
of basal infusion, insulin levels gradually
d e c reased to a nadir value of 1.6 ± 0.8
µU/ml in the regular insulin group and 2.0
± 1.2 µU/ml in the lispro insulin group. The
insulin values did not differ signific a n t l y
between the groups at any time point.

Plasma glucose values were also similar
in the two groups before interruption of
insulin administration (5.3 ± 0.5 vs. 5.9 ±
0.8 mmol/l, lispro vs. re g u l a r, re s p e c t i v e l y ) ,
and no substantial changes were noted for
the 1st h. Over the subsequent 5 h, glucose
values substantially increased in both
g roups, and the magnitude of the incre a s e
in plasma glucose did not differ between
the treatment gro u p s .

S e rum -OHB concentrations are
shown in Fig. 1. -OHB values increased in
both groups during the period of insulin
withdrawal and were similar at each time
point. Peak -OHB values were similar

Table 1—Clinical characteristics of study subjects

Human regular insulin Insulin lispro

n 9 9
Weight (kg) 71 ± 5 78 ± 4
M/W 5/4 4/5
Age (years) 30 ± 4 31 ± 3
Duration of IDDM (years) 16 ± 2 15 ± 2
HbA1c (%) 7.6 ± 0.4 7.8 ± 0.4
Total daily insulin dose (U kg 1 day 1) 0.6 ± 0.1 0.7 ± 0.1
Basal (% total daily insulin dose) 50 ± 3 56 ± 3

Demographic data are means ± SD; other data are means ± SEM. For HbA1 c, the nondiabetic range is 6 . 0 % .
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between groups (0.89 ± 0.072 vs. 1.02 ±
0.22 mmol/l, regular vs. lispro insulin).

No subjects became acidotic or showed
evidence of dehydration during the study,
and serum electrolytes remained within the
re f e rence range (data not shown).

Insulin replacement phase
A total of 17 subjects completed the second
phase of the study: one subject was
excluded because plasma glucose and urine
ketone values did not increase suff i c i e n t l y
to qualify in this phase of the study. All the
remaining subjects exhibited moderate or
l a rge ketonuria as well as a plasma glucose

13.9 mmol/l (250 mg/dl) at the com-
mencement of this phase. As shown in
Table 2, baseline insulin, glucose, and -
OHB levels did not differ signific a n t l y
between the patients randomized to re c e i v e
a subcutaneous injection of regular or
l i s p ro insulin. As shown in Fig. 2, insulin

levels became significantly diff e rent 30 min
after insulin administration in subjects who
received lispro compared with re g u l a r
insulin (plasma insulin: 24 ± 5.6 vs. 13 ±
2.6 µU/ml, lispro vs. regular insulin, P
0.05). In association with the more rapid
i n c rease in plasma insulin, plasma glucose
levels became significantly lower in the
l i s p ro insulin group than in the re g u l a r
insulin group by 40 min after the insulin
was administered. At 120 min, plasma glu-

cose had decreased to 9.7 ± 0.4 vs. 13.7 ±
0.7 mmol/l in those given lispro vs. re g u l a r
insulin (P 0.01). -OHB concentrations
d e c reased rapidly in both groups (Fig. 2),
and there was no significant diff e rence in
values between those given regular and
those given lispro insulin.

C O N C L U S I O N S — The primary aim
of this study was to determine whether the
use of lispro compared with human re g u l a r
insulin in CSII places patients at incre a s e d
risk for more rapid metabolic decompen-
sation in the event of interruption of the
insulin infusion. This is an important ques-
tion, because several recent studies indicate
that the pharmacokinetic pro p e rties of
l i s p ro insulin make it well suited for CSII.
Because of a more rapid absorption of pre-
meal bolus doses of lispro versus re g u l a r
insulin, better control of postprandial
h y p e rglycemia can be achieved without
i n c reasing the rate of hypoglycemia (8–10).
H o w e v e r, the more rapid disappearance of
l i s p ro from its subcutaneous injection site
might also make lispro - t reated patients
m o re at risk for diabetic ketoacidosis
because of catheter occlusion or other
causes of disruption of the insulin infusion.
Thus, it is particularly noteworthy in this
study that interruption of the basal insulin
infusion resulted in no diff e rence between
the treatment groups with respect to the
rise in plasma glucose or serum ketone lev-
els. It is also reassuring that lispro has been
found to be stable in insulin infusion sys-
tems (11) and that in short - t e rm random-
ized clinical trials, the frequency of catheter
occlusion and other site-related pro b l e m s
was not increased with lispro compare d
with buff e red human regular insulin (4).

In CSII-treated patients, interru p t i o n s
of the insulin infusion are especially pro b-
lematic when they occur at night, because
patients can be deprived of insulin for many
hours while asleep without realizing that a
system malfunction has occurred. We chose
to interrupt the insulin infusion at 0300, at
least 5 h after the last premeal bolus dose of

Figure 1—Changes in plasma insulin, plasma glucose, and serum -OHB concentrations after ces-
sation of basal insulin infusion (time 0) in patients treated with lispro or regular human insulin.

Table 2—Plasma insulin, glucose, and serum -OHB at the commencement of the insulin
replacement phase

Human regular insulin Insulin lispro P values

Plasma insulin (µU/ml) 0.9 ± 0.5 1.8 ± 1.0 0.61
Plasma glucose (mmol/l) 18.9 ± 0.9 17.5 ± 0.8 0.51

-OHB (mmol/l) 1.01 ± 0.14 1.32 ± 0.16 0.59

No significant differences were noted between the groups at this time.



insulin, to simulate conditions that a patient
with IDDM might experience. Conse-
q u e n t l y, plasma insulin levels were re l a-
tively low in both groups before the insulin
infusion was interrupted, and the furt h e r
d e c rease in plasma insulin concentrations
was similar when the basal infusion was
stopped. It remains to be determined, how-
e v e r, whether the response to a pump mal-
function might differ between lispro and
regular insulin users if it occurs during wak-
ing hours, such as after a large pre m e a l
bolus dose of insulin.

At the end of the first phase of the
s t u d y, all but one of the patients were hyper-
glycemic and ketotic. This provided a
unique opportunity to examine a second
question under carefully controlled condi-
tions: are there advantages of insulin lispro
over human regular insulin in the tre a t-
ment of acutely decompensated diabetes?

To address this issue, patients were ran-
domly assigned to receive a subcutaneous
injection of 0.2 U/kg body wt ( 10–15 U)
of either lispro or regular insulin after com-
pletion of the first phase of the study, irre-
spective of the type of insulin they were
using with CSII. As expected, insulin levels
rose more quickly and to a higher plateau
after subcutaneous injections of lispro com-
p a red with regular insulin. Consequently,
the fall in plasma glucose was greater in the
g roup treated with insulin lispro. This fin d-
ing is consistent with that of Holleman et al.
(12), who studied 27 patients with IDDM
who were hyperglycemic but not ketotic. In
our study, pre t reatment -OHB levels were
only modestly elevated, and the decrease in
these concentrations was similar in both
t reatment groups. It is likely, but curre n t l y
u n p roven, that the more rapid absorption of
l i s p ro would also be more effective than re g-

ular insulin in correcting the more severe
ketosis that develops during interc u rre n t
illnesses in patients with IDDM. Nevert h e-
less, since plasma glucose fell more quickly
and serum ketones were fully suppre s s e d
with lispro, the current observations sup-
p o rt the contention that lispro insulin may
be more effective than regular insulin in the
“sick day” management at home of patients
with IDDM.

A c k n o w l e d g m e n t s — This study was sup-
p o rted by grants RR-00125 and RR-06022 fro m
the National Institutes of Health and a grant fro m
Eli Lilly and Company, Indianapolis, Indiana.

R e f e re n c e s
1 . Howey DC, Bowsher RR, Brunelle RL,

Wo o d w o rth JR: (Lys(B28), Pro ( B 2 9 ) )
human insulin: a rapidly absorbed ana-
logue of human insulin. Diabetes 4 3 : 3 9 6 –
402, 1994

2 . D i M a rchi RD, Chance RE, Long HB,
Shields JE, Slieker LJ: Preparation of an
insulin with improved pharm a c o k i n e t i c s
relative to human insulin through consid-
eration of structural homology with
insulin-like growth factor 1. H o rm Res 4 1
(Suppl. 2):92–96, 1994

3 . Torlone E, Fanelli C, Rambotti AM, Kassi
G, Modarelli F, DiVincenzo A, Epifano L,
Ciofetta M, Pampanelli S, Brunetti P, Bolli
GB: Pharmacokinetics, pharm a c o d y n a m-
ics, and glucose counterregulation follow-
ing subcutaneous injection of the
monomeric insulin analogue (Ly s ( B 2 8 ) ,
P ro(B29)) in IDDM. Diabetologia 3 7 : 7 1 3 –
720, 1995

4 . Zinman B, Tildesley H, Chiasson JL, Tsui E,
Strack T: Insulin lispro in CSII: results of a
double-blind crossover study. D i a b e t e s
46:440–443, 1997

5 . Pen P, Hinselmann C, Pfutzner A, Dreyer M:
Catheter disconnection in type 1 diabetes
t reated with CSII: comparison of insulin
l i s p ro and human regular insulin (Abstract).
Diabetologia 39 (Suppl. 1):A847, 1996

6 . Castillo MJ, Scheen AJ, Lefebvre PJ: The
d e g ree/rapidity of the metabolic decompen-
sation following interruption of a continuous
subcutaneous insulin infusion is influ e n c e d
by the prevailing blood glucose level. J Clin
Endocrinol Metab 81:1975–1978, 1996

7 . Williamson DH, Mellanby J, Krebs HA:
Enzymatic determination of D(–)- -
h y d roxybutyric acid and acetoacetic acid in
blood. Biochem J82:90–96, 1962

8 . Anderson JH, Brunelle RL, Koivisto VA ,
Pfutzner A, Trautmann ME, Vignati L,
D i M a rchi R, the Multicenter Insulin Lispro
Study Group: Reduction of postprandial
h y p e rglycemia and frequency of hypogly-

820 DIABETES CARE, VOLUME 21, NUMBER 5, MAY 1998

CSII interruption: lispro versus regular insulin

Figure 2—Changes in plasma insulin, plasma glucose, and serum -OHB concentrations after a sin-
gle subcutaneous injection (0.2 U/kg) of either lispro or regular human insulin. Insulin concentrations
in the lispro-treated group were greater by 30 min (P 0.01), and plasma glucose values were lower
by 40 min (P 0.01).
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