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ORIGINAL PAPER

Continuous subcutaneous insulin infusion and multiple dose insulin
injections in Type 1 diabetic pregnant women: a case—control study
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' Department of Endocrinology and Metabolism, Section of Diabetes, and *Division of Gynaecology and Obstetrics,
University-Hospital of Pisa, Pisa, Italy

(Received 24 April 2009; revised 18 Fuly 2009; accepted 20 Fuly 2009)

Abstract

The aim of this study was to evaluate the effects of continuous subcutaneous insulin infusion (CSII) on glycemic control
and pregnancy outcomes in Type 1 diabetic pregnant women. We retrospectively evaluated 42 subjects, 20 treated with CSII
and 22 with multiple dose insulin injections (MDI). The two groups were comparable for age, pre-pregnancy BMI, and
primiparous rate, whereas women in the CSII group showed a tendency toward a longer diabetes duration (p =0.06). Pre-
pregnancy diabetic retinopathy and/or nephropathy were present in nine women of CSII and three of MDI. In all women
metabolic control improved during pregnancy, without differences between the two groups and at the end of gestation
HbAlc was 6.3 + 0.6 in CSII and 6.1 + 1.1% in MDI. Moreover, there were no differences in weight gain, whereas insulin
requirement resulted significantly (p=0.009) lower in CSII than in MDI. We recorded only one severe hypoglycaemic
episode in both groups. No cases of deteriorations of the chronic diabetic complications were observed. The delivery
occurred at 36.4 + 2.2 weeks; birth weight, the rate of large for gestational age, and the parameters of foetal morbidity were
similar in both groups. In conclusions, CSII and MDI are both effective in improving maternal glucose control and have both

similar pregnancy outcomes.

Keywords: Insulin pumps, pregnancy, Type 1 diabetes, maternal-foetal outcome

Introduction

In Type 1 diabetic pregnant women a normoglycae-
mia before and during pregnancy is essential to reduce
the maternal-foetal morbidity and an effective and
safe insulin therapy is needed to reach tight glycaemic
control [1]. Conventionally, insulin can be provided
by multiple daily injections (MDI) or by continuous
subcutaneous infusion (CSII). However, CSII has
gained in popularity and experience with the treat-
ment of Type 1 diabetic patients has increased [2,3].
Comparable trials with the use of CSII during
pregnancy are limited to earlier pump technology
[4-7], that did not show significant advantages, but
lately greater experience with the use of CSII in
pregnancy has yielded a positive attitude toward the
use of insulin pumps during pregnancy. Nevertheless,
studies comparing the effectiveness of these two

modalities during pregnancy are limited and still not
conclusive [8,9]. Therefore, we performed this study
to compare the effects of CSII over MDI on maternal
metabolic control and pregnancy outcomes.

Patients and methods

This retrospective case—control study included 42
Caucasian pregnant women with Type 1 diabetes,
treated with CSII (z=20) or MDI (z=22) and
monitored at our Outpatient Clinic from January
2005 until June 2008. Women with pumps started
this treatment almost 6 months before pregnancy
because they failed to achieve satisfactory glycaemic
control. They received a therapeutic education
programme, specifically addressed to subjects pre-
paring for CSII treatment. Conventional therapy
using MDI consisted in three subcutaneous daily
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doses of short insulin analogues before meals and
NPH insulin two or three times a day. All the patients
received dietary counselling by a dietician and
performed self-monitoring of blood glucose (SMBG)
almost 6-8 times a day (before and 1 h after meals, at
bedtime, and during the night) in order to modify the
insulin dose, if necessary. The treatment was aimed
to obtain the glucose goals, defined as blood glucose
less than 90 mg/dl before meals and 1-h postprandial
less than 130 mg/dl.

At baseline, as maternal characteristics we regis-
tered age, parity, pre-pregnancy BMI, diabetic
complications (retinopathy and nephropathy), insu-
lin dose, and HbAlc. Glucose control was deter-
mined each trimester by the HbAlc, the number of
severe hypoglycaemia and episodes of ketoacidosis.
Maternal hypoglycaemia was considered a hypogly-
caemic emergency which requires another person’s
help, and Ketoacidosis was considered an episode of
severe hyperglycaemia with ketosis and dehydration
requiring professional intervention. Newborns with a
birth-weight >90th percentile on the basis of the
standard table for the Italian population [10] were
considered large for gestational age (LGA). Foetal
morbidity was classified according to the Obstetrical
Quality Indicator [11].

Statistical analysis methods

Data were expressed as a mean value and a standard
deviation. Statistical analysis was performed using
Student’s ¢ test for paired or unpaired data and the 3>
test or Fisher exact test. All analysis were performed
using a statistical package (Statview SE) on a
Macintosh computer.

Results

CSII and MDI groups were comparable for age, pre-
pregnancy BMI, and primiparous rate, whereas
women in the CSII group showed a tendency toward
a longer diabetes duration (CSII: 16.8 + 8.2 wvs.
MDI: 12.1 + 7.7 years, p=0.06). Pre-pregnancy
diabetic retinopathy and/or nephropathy were

Table I. Maternal clinical characteristics.

CSII (1=20)  MDI (n=22)

Maternal age (years) 31.0 + 3.0 29.8+ 6.3

Diabetes duration (years) 16 + 8.2 12.1 + 7.7

Nulliparity rate (%) 85 36

Pre-pregnancy BMI (kg/m?) 23 + 2.8 23.7+4.3

Women with diabetic 7 3
retinopathy (n)

Women with diabetic 2 0

nephropathy (n)

present in nine (45%) of CSII and three (13.6%) of
MDI women (p=0.057) (Table I).

At the first evaluation during pregnancy (6 + 2.2
weeks) HbAlc values and daily insulin doses were
similar in the two groups (Table II). In all women
metabolic control improved during pregnancy, with-
out differences between the two groups. At the end of
the pregnancy there were no differences in weight
gain and HbA 1c¢ values, whereas insulin requirement
resulted significantly lower in CSII than in MDI
(Table IT). We recorded only one severe hypogly-
caemic episode in both groups. No episodes of
ketoacidosis were observed. Moreover, no cases of
deteriorations of the chronic diabetic complications
were observed in the two groups.

The delivery occurred at 36.4 + 2.2 weeks
without differences as regards the rate of preterm
deliveries and C-sections. All babies were alive at
birth without congenital malformations. Birth
weight, LGA, SGA, and Apgar Score were compar-
able. No differences concerning foetal morbidity
were observed (Table III).

Table II. Maternal outcome.

CSII (1=20) MDI (n=22)

Weight gain (kg) 13.4+54 115+ 3.7

HbAlc at 1st evaluation 6.9 + 0.7 744+ 1.3
during pregnancy (%)

HbAlc at the end of 6.3+ 0.6 6.1 +1.1
pregnancy (%)

Insulin dose at 1st evaluation 0.62 + 0.1 0.69 + 0.2
during pregnancy (IU/kg)

Insulin dose at the end of 0.76 + 0.3 1.1 + 0.3*
pregnancy (IU/kg)

Severe hypoglycaemic 1 1
episodes ()

Diabetic ketosis episodes (7) 0 0

CSII, continous subcutaneous insulin infusion; MDI, multiple
daily injections.
*»=0.009.

Table III. Pregnancy and neonatal outcome.

CSII (n=20)  MDI (n=22)

Gestational age at 36.38 + 2.2 36.35 + 2.3
delivery (years)

Preterm delivery (%) 33 40

Caesarean section (%) 95 94

Birth weight (g) 3295.58 + 747  3101.84 + 699

LGA (%) 45 22.7

SGA (%) 5 4.5

Transient hypoglicaemia (7) 2 3

Hyperbilirubinemia (7) 5 4

NICU admission (7) 1 2

CSII, continous subcutaneous insulin infusion; MDI, multiple
daily injections.

CSII, continuos subcutaneous insulin infusion; MDI, multiple
daily injections; NICU, neonatal intensive cure unit.
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Discussion

This study shows that MDI and CSII are both
effective in improving maternal glucose control and
both these treatment modalities have similar preg-
nancy outcomes.

Our results confirm what was found in other
studies performed during [12-18] and outside of
pregnancy [19], which did not show any metabolic
differences of CSII over MDI.

On the other hand our results may mask the
possible benefits of CSII. In fact, women of the CSII
group were transferred from MDI to CSII because
conventional treatment did not allow them to reach
an optimal glucose control; in addition they had a
longer diabetes duration and a higher rate of diabetic
complications than MDI women. Therefore, we can
postulate that for these women, with a more instable
and severe diabetes, CSII therapy offered an oppor-
tunity to have a pregnancy outcome similar to other
diabetic women.

As concerns possible disadvantages related to the
use of CSII in pregnancy, Chen et al. [20] found
higher rates of both maternal ketoacidosis and
neonatal hypoglycaemia. Differently, in our study,
there were no cases of maternal ketoacidosis and no
differences in neonatal hypoglicaemic episodes were
observed between the two groups. This could be
explained by the fact that our patients received a
therapeutic education programme, and that all
women were able to control the mechanism of CSII
and to modify the insulin delivery correctly.

In our study the nonoptimal glucose control
during pregnancy may explain the high rate of LGA
and C-sections in both groups. These rates remain
elevated despite the achievement of HbAlc value
close to 6%. Probably, it is not a sufficient condition
to assure an optimal pregnancy outcome, considering
that the normal values of HbAlc for pregnant
nondiabetic women are between 4.0% and 5.5%
(lower than nonpregnant women) [21]. Moreover
the number of 6-8 SMBG daily that we prescribed
for our patients is not sufficient to control glucose
values during pregnancy, because of the rapid
changes in glucose concentrations. As reported by
Kerssen et al. [22] a minimum of 10 SMBG
determinations daily is necessary to obtain ade-
quate information about daily hyperglycaemic
excursions during the second and third trimester,
which is an important factor for the development
of LGA. Therefore, our findings support the need
to reach tighter glycaemic control and to prescribe
a greater number SMBG determinations in
order to minimize the foetal maternal morbidity
in diabetic pregnancy, independently of therapy
modalities.

In conclusion, our results show similar pregnancy
outcomes and maternal glucose control in both

CSII and diabetic pregnancy 3

MDI and CSII treatment modalities in agreement
with what was reported by two recent meta-analysis
[8,9]. Therefore, to establish a clear benefit of
CSII, large prospective randomized studies are
needed to improve therapeutic interventions
aimed at achieving normoglycaemia during
pregnancy.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are respon-
sible for the content and writing of the paper.

References

1. Kitzmiller JL, Block J, Brown F, Catalano P, Conway D,
Coustan DR, Gunderson E, Hermann W, Hoffman L,
Inturrisi M, et al. Managing pre-existing diabetes for
pregnancy. Diabetes Care 2008;31:1060-1079.

2. Jeitler K, Horvath K, Berghold A, Gratzer TW, Neeser K,
Pieber TR, Siebenhofer A. Continuous subcutaneous insulin
infusion wversus multiple daily insulin injections in patients with
diabetes mellitus; systemic review and meta-analysis. Diabe-
tologia 2008;51:941-951.

3. Pickup JC, Sutton AJ. Severe hypoglycaemia and glycaemic
control in Type 1 diabetes: meta-analysis of multiple daily
insulin injections compared with continuous subcutaneous
insulin infusion. Diabet Med 2008;25:765-774.

4. Coustan DR, Reece EA, Sherwin RS, Rudolf MC, Bates SE,
Sockin SM, Holford T, Tamborlane WV, et al. Randomized
clinical trial of the insulin pump wvs. intensive conventional
therapy in diabetic pregnancies. JAMA 1986;255:631-636.

5. Carta Q, Meriggi E, Trossarelli GF, Catella G, Dal Molin V,
Menato G, Gagliari L, Massobrio M, Vitelli A. Continuous
subcutaneous insulin infusion versus intensive conventional
insulin therapy in type 1 and type 2 diabetic pregnancy.
Diabéte Métabolisme 1986;12:121-129.

6. Burkart W, Hanker JP, Schneider HP. Complications and
foetal outcome in diabetic pregnancy. Intensified conventional
versus insulin pump therapy. Gynecol Obstet Invest 1988;26:
104-112.

7. Leveno KJ, Fortunato SJ, Raskin P, Williams ML, Whalley PJ.
Continuous subcutaneous insulin infusion during pregnancy.
Diabetes Res Clin Pract 1988;4:257-268.

8. Farrar D, Tuffnell D], West J. Continuous subcutaneous
insulin infusion versus multiple daily injections of insulin for
pregnant women with diabetes. Cochrane Database Syst Rev
2007:CD005542.

9. Mukhopadhyay A, Farrell T, Fraser RB, Ola B, et al.
Continuous insulin infusion vs. intensive conventional insulin
therapy in pregnant diabetic women: a systematic review and
meta-analysis of randomized controlled trials. Am ] Obstet
Gynecol 2007;197:447-456.

10. Parazzini F, Cortinovis I, Bortulus R, Fedel L, Recarli A.
Weight at birth by gestational age in Italy. Human Reprod
1995;10:1852-1863.

11. Johansen KS, Hod M. Quality development in perinatal care
e the OBSQID project. Int ] Gynecol Obstet 1999;64:167—
172.

12. Gabbe SG, Holing E, Temple P, Brown ZA. Benefits, risks,
costs, and patient satisfaction associated with insulin pump
therapy for the pregnancy complicated by type 1 diabetes
mellitus. Am J Obstet Gynecol 2000;182:1283-1291.

13. Lapolla A, Dalfra MG, Masin M, Bruttomesso D, Piva I,
Crepaldi C, Tortul C, Dalla Barba B, Fedele D. Analysis of
outcome of pregnancy in type 1 diabetics treated with insulin
pump or conventional insulin therapy. Acta Diabetol 2003;40:
143-149.



13: 34 3 Septenber 2009

[Di G anni, Gaziano] At:

Downl oaded By:

4

14.

15.

16.

17.

18.

L. Volpe et al.

Hieronimus S, Cupelli C, Bongain A, Durand-Réville M,
Berthier F, Fénichel P. Pregnancy in type 1 diabetes: insulin
pump versus intensified conventional therapy. Gynecol Obstet
Fertil 2005;33:389-394.

Gimenez M, Conget I, Nicolau J, Pericot A, Levy I. Outcome
of pregnancy in women with type 1 diabetes intensively treated
with continuous subcutaneous insulin infusion or conven-
tional therapy. A case-control study. Acta Diabetol 2007;44:
34-37.

Cohen O, Keidar N, Simchen M, Weisz B, Dolitsky M, Sivan
E. Macrosomia in well controlled CSII treated type 1 diabetic
pregnancy. Gynecol Endocrinol 2008;24:611-613.

Cypryk K, Kosinski M, Kaminska P, Kozdray T, Lewinski A.
Diabetes control and pregnancy outcomes in women with type 1
diabetes treated during pregnancy with continuous subcuta-
neous insulin infusion or multiple daily insulin injections.
Polikie Archiwum Medycyny Wewnetrzne ] 2008;118:339-343.
Kernaghan D, Farrell T, Hammond P, Owen P. Foetal growth
in women managed with insulin pump therapy compared to
conventional insulin. Eur J Obstet Gynecol Reprod Biol 2008;
137:47-49.

19.

20.

21.

22.

Bolli GB, Kerr D, Thomas R, Torlone E, Sola-Gazagnes A,
Vitacolonna E, Selam JL, Home PD. Comparision of a
multiple daily insulin injection regimen (basal once-daily
Glargine plus mealtime Lispro) and continous subcutaneous
insulin infusion (Lispro) in type 1 diabetes. A randomized
open parallel multicentrer study. Diabetes Care 2009;32:
1170-1176.

Chen R, Ben-Haroush A, Weismann-Brenner A, Melamed N,
Hod M, Yogev Y. Level of glycaemic control and pregnancy
outcome in type 1 diabetes: a comparison between multiple
daily insulin injections and continuous subcutaneous insulin
infusions. Am J Obstet Gynecol 2007;197:404.e1-e5.

Mosca A, Paleari R, Dalfra MG, Di Cianni G, Cuccuru I,
Pellegrini G, Malloggi L, Bonomo M, Granata S, Cerotti F,
et al. Reference intervals for hemoglobin Alc in pregnant
women: data from an Italian multicenter study. Clin Chem
2006;52:1138-1143.

Kerssen A, de Valk HW, Visser GH. Do HbA1c levels and the
self-monitoring of blood glucose levels adequately reflect
glycaemic control during pregnancy in women with type 1
diabetes mellitus? Diabetologia 2006;49:25-28.



