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Continuous subcutaneous insulin infusion (CSII) pump

. represents a treatment option that can aid in achieving
Received: 03-03-2024 an important goal to reduce the most frequent
Accepted: 06-05-2024 complications associated with treatment; hypoglycemic
Published: 11-05-2024 and hyperglycemic episodes, which have also a great
impact on life quality of patients. This study was

conducted to report the effect and safety of insulin pump

. . ) therapy on glycemic control, hypoglycemia and diabetic
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Pump, DKA, Hypoglycemia. patients. A descriptive and retrospective study which
included patients treated and followed up at Tripoli

University Hospital. Fifty-seven T1D patients used CSII

. . ) pump enrolled in this study. Assessment of
Copyright: © 2024 by the authors. Submitted for possible open hypoglycemia, DKA, measuring the glycosylated
access publication under the terms and conditions of the Creative hemoglobin (HbAIc) values at time of diagnosis (prior to

Commons Attribution International License (CC BY 4.0). CSIl) and at time of study conduction. Mean age was

http://creativecommons.org/licenses/by/4.0/ 12.72 year + 3.8 SD. Mean duration of diabetes was 7.28
years + 3.9 SD. The baseline mean HbAlc was 8.58 *
1.73% during Multiple Daily Injections (MDI) at pre-
pump and 7.76 + 1.33% post initiation of CSIl (p =
0.001), with higher proportion of patient’s post-pump
treated had good metabolic control with HbAlc
compared to pre-pump infusion 23, 40.4% and 16,
28.1%, respectively. Both the incidence of ketoacidosis
and severe hypoglycemic episodes was improved
compared with MDI pre-pump significantly during CSII
(P<0.001). This study supports that CSII is an effective
alternative in managing T1DM. In addition, therapy
with insulin pump in children with diabetes is very
efficient and safe with obvious reduction of HbAlc and
significantly  diminished rates of DKA and
hypoglycemia.
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INTRODUCTION

The Diabetes Control and Complications Trial (DCCT) demonstrated that, in patients with Type 1 Diabetes (T1D), tight
metabolic control achieved with intensive insulin therapy is superior to conventional treatment in reducing the risk of
long-term microvascular complications [1]. One of the most significant innovations in diabetes technology in the last
50 years has been Continuous Subcutaneous Insulin Infusion (CSIHI) pump and Continuous Glycemic Control (CGM).
CSllI is intensive insulin therapy, which attempts to mimic physiological insulin release by administration of 24-hour
adjustable basal rates and flexible mealtime bolus doses [2]. CSlI is a viable alternative to MDI therapy for patients with
T1D who are capable, motivated, and trained to use insulin pumps. In addition, insulin-pump therapy can improve
glycemic control in patients with T1D because it can reduce the within-day and between-day glycemic variability that
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noted with insulin injections [3-5]. Recent evidence from the T1D Exchange clinic registry shows that during childhood
mean glycosylated hemoglobin (HbAlc) remains above the target of 7.5% for all age groups, with a peak of 9.2% in the
late teenage years [6]. Several meta-analyses of randomized controlled trials of glycemic control comparing CSII with
multiple daily insulin injections (MDI) have established that the Mean Glycosylated Hemoglobin Value (MHbALc) is
significantly lower with CSII pump [7-11]. The incidence of DKA in adolescents in DCCT was 4.7/100 patient years in
the conventional arm and 2.8/100 patient years in the intensive arm [12]. According to pediatric follow-up studies, the
frequency of DKA does not increase with pump therapy [13-14].

In addition, the advantage of CSII therapy is its ability to mimic physiological insulin release, which may provide a
more efficient supply of insulin to the tissues and minimize the risk of hypoglycemic events [15]. A retrospective study
showed that CSII pump is safe, effective and a superior alternative to multiple daily insulin (MDI) [16-17]. Our aim of
this study was to evaluate the efficacy of insulin pump report on glycemic control and recurrence of DKA in Libyan
T1D patients.

METHODS

Study design and setting

A cross-sectional study was conducted using a questionnaire involving 57 children diagnosed with T1D and they
initiated insulin pump therapy during 2018-2021 at Pediatric Department of Tripoli University Hospital. Socio-
demographic characteristics of patients include age, gender, school class, duration of TIDM and history of any
associated disease has been documented. In addition, clinical assessment and laboratory analyses were measured, which
included: height was measured in m, weight in kg, and body mass index (BMI), HbAlc.

Data collection

We reviewed data of 57 patients enrolled in this study; demographic variables such as age, gender, educational level,
and past medical history related to their condition from file record. Furthermore, we documented other relevant clinical
variables such as weight, height, Body Mass Index (BMI) and laboratory results as HbAlc values at diagnosis, prior to,
and at time of conduct this study. In addition, number of DKA episodes prior and after use of insulin pump,
hypoglycemia and the impact on life quality of patients. Written consent obtained from all patients/parents.

Statistical analysis

The collected data was analysed using the SPSS, version 25.0 statistical software. The quantitative variables reported
as means and standard deviations or medians ranges. When distributions approximated the normal curve, parametric
tests employed using the chi-square test of association for categorical variables and the independent samples t-test for
continuous data. The change in HbAlc was analysed using a paired t-test of the difference in HbAlc and DKA episodes
between the post-pump and prior-pump.

RESULTS

In this study, 21 males and 36 females were enrolled with type 1 diabetes with age ranged between 6 and 21 years old
(mean of 12.72 year+3.8 SD). 40.4% of them were less than 12 years old. The mean duration of diabetes was 7.28 years
+ 3.9 SD. 27 (47.4%) of patients had a duration of diabetes of between 5 and 10 years and 19 (33.3%) for less than 5
years (figure 1). In addition, mean age at diabetes diagnosis was 5.43 years + 3.2 SD.

Regarding the indications for CSII therapy initiation, the most common indications are the glycemic variability, poor
glycemic control and hypoglycemic episodes.
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Figure 1. Distribution of participants according to age and gender
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Insulin regimen prior to pump therapy; the majority of patients (80.7%) were being treated with flexible insulin regime
((Rapid Acting Insulin (Novorapid or Apidra or Humalog) and long-acting basal insulin (Lantus or Levemir) with
carbohydrate counting and eleven patients (19.3%) with short acting insulin (Actripid) and Isophane (NPH, Intermediate
insulin). Fifty-eight episodes of diabetic ketoacidosis (DKA) occurred in 35 (60.7%) patients prior to the initiation of
insulin pump therapy with baseline mean HbAlc level was 8.58 + 1.73 (Table 1).

Table 1. Clinical characteristics of the patients at insulin pump therapy initiation

Variables N %

< 6 years old 6 10.5%
Aqug a;(g? 6 -10 years old 47 82.5%

g > 10 years old 4 7.0%
Insulin regimen prior Regular insulin + NPH insulin 11 19.3%
to insulin pump therapy Rapid insulin + long-acting basal insulin 46 80.7%
Occurrence of DKA in a History of admission with DKA 35 60.7%
year prior to insulin pump . . . 0
therapy initiation No history of admission with DKA 22 39.3%

At the time of pump therapy initiation, the mean age of the participants was 11.46 years + 3.39 SD. The results showed
a significant difference in overall HbAlc, twenty-three patients (40.4%) showed HbAlc 7.76 + 1.33 compared to before
CSIl pump (16, 28.1%), (p = 0.001) and 31.6% with HbAlc between 7.5 - 8.4% (Table 2).

Table 2. HbA1c values before and after insulin pump therapy introduction.

HbAlc (%) before HbAlc (%) after insulin
Variables insulin pump therapy pump therapy p-value
N | % N | %
HbAlc (%) Mean + SD 8.57+1.71 7.76 £1.33
. <7.5% 16 28.1% 23 40.4%
control HbALc 7.5-8.4% 12 21.1% 18 31.6% 0.001

(%) 8.5-9.9 15 26.3% 12 21.1%
>10% 14 24.6% 4 7.0%

HbAlc improvement observed more in male than in female gender group but it was statistically not significant.
Furthermore, according the age group, HbAlc decreased in all age groups and more in age group > 15 years (figure
2,3).
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Figure 2: HbAlc in all patients according to gender
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Figure 3 HbAlc in all patients according to the age

Data related to the diabetes duration exhibited that HbAlc showed a more decrease with group of diabetes duration
more than 10 years after use of insulin pump (figure 4).
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Figure 4. HbAlc in all patients according to diabetes duration

Regarding the parent education finding, we documented that 33 (57.7%) of fathers and 27 (47.4%) of mothers have
studied secondary/technical education, followed by a university degree or above as Master or Ph.D. in (31.6%, 35%) of
fathers and mothers, respectively. Furthermore, we noted that HbA1c is less in the group of mothers with university
education level prior to initiation of insulin pump whereas it is noted after insulin pump in mothers and fathers with
primary school education levels but statistically not significant (Figure 5).
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Figure 5: The HbAIc in all patients according to parent’s education levels

Ghawil et al. Alg J Med App Sci. 2024;7(2):327-334 330


https://journal.utripoli.edu.ly/index.php/Alqalam/index

AlQalam
Alq J Med App Sci l
.\ SR
https://journal.utripoli.edu.ly/index.php/Algalam/index elSSN 2707-7179

Diabetic ketoacidosis was more frequent prior to insulin pump period compared with after insulin pump, 35 episodes
(60.7%) were identified in 25 patient’s vs 10 episodes of DKA (12.3%) were identified in 10 patients, after insulin pump
therapy respectively, p = 0.001. In addition, DKA episodes was significantly common in females before and after
insertion of the pump (table 3).

Table 3. Patients who developed diabetic ketoacidosis before and after receiving a insulin pump infusion in relation to gender

and HbAlc
Prior insulin pump infusion Post insulin pump infusion
Variables DKA episodes No DKA DKA episodes No DKA
35 patients 22 patients 10 patients (47 patients
(60.7%) (39.3%) (17.5%) (82.5%)
Gender 12 S — 2 LN —
males | females Males females
HbAlc
Prior insulin pump therapy 8.75%1.61 8.33%£1.92 9.27+0.78 8.48+1.81
initiation Mean+SD
HbA1lc
Post insulin pump therapy 8.03+1.42 7.39£1.14 8.13+1.36 7.72+1.34
initiation Mean+SD

The total number of hypoglycemic episodes during (MDI) pre-pump were 57, in which 29 were severe episodes that
were common in females. These episodes decreased significantly to only 3 severe episodes of hypoglycemia during
CSlI therapy (P <0.001) (table 4).

Table 4. Patients who developed hypoglycemia before and during insulin pump infusion in relation to gender

Prior insulin pump infusion Post insulin pump infusion
Gender Severe Hypoglycaemia episodes Hypoglycaemia episodes
29 patients (50.9%) 3 patients (5.3%)
9 males \ 20 females 1 male \ 2 females
DISCUSSION

Glycosylated hemoglobin testing is still worldwide-standardized test for the diagnosis and the assessment of diabetes
management, as it is a strong predictor for long-term diabetes complications. The development of insulin analogs, more
sophisticated insulin delivery systems (e.g. insulin pumps), continuous glucose monitoring (CGM), and more recently,
integrated systems as sensor-augmented insulin pumps and closed-loop control systems demonstrate greatly enhanced
the feasibility of maintaining glucose levels within a prespecified target range [18]. Different studies have shown that
CSII improves glycemic control and increases patient’s quality of life, without increasing the incidence of hypo or
hyperglycemic episodes [19-21]. At the time of insulin pump insertion, 38 (66.7%) of them had T1D duration longer
than 5 years and we observed that insulin pump therapy improves glycemic control with a difference in HbAlc pre and
post-insulin pump (p = 0.001). In literature, many studies documented significant improvement of HbAlc after the
insertion of insulin pump therapy in T1D patients with different percentage [22-25].

A meta-analysis studies in comparing CSII treatment with MDI only demonstrated a reduction in HbAlc between 0.4%
and 0.5% in both adults and children [26,27]. Regarding DKA, still it is one of the most common, costly, and dangerous
acute complication in patients with T1D. We found that DKA decreased with use of CSII from prior to insulin pump
period compared to after insulin pump, 60.7% vs 12.3%, respectively, p = 0.001. Dogan et al [28] demonstrated that
70% of DKA episodes in CSlI patients related to technical problems as kinking of the tubing and leakage of insulin at
the infusion site. In addition, analyzing data from pediatric CSII patients from different European countries showed that
the frequency of DKA was 6.6/100 patient years [29] and was less in another observational study, with frequency of 4.7
DKA episodes/100 patient years during a 5-yr follow-up of CSII users [30]. Our results indicated that DKA episodes
was common in girls either pre and post insertion insulin pump which is similar to literature where documented that
recurrent DKA to be twice as common in females [31-33].
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In literature, many studies reported reduced frequency of severe hypoglycemia events was achieved in patients after the
use of CIIS pump [34-40]. Other randomized studies on children have been reported;—no difference in severe
hypoglycemia [41-43].

CONCLUSION

Therapy with insulin pump in children with diabetes was very efficient and safe in achieving therapeutic goal of T1D
with decrease of (HbALc). In addition, in our study, we confirm that the use of CSII therapy is improve the glycemic
control and significantly diminished rates of DKA and sever hypoglycemia.
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