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Abstract

Background: Continuous glucose monitoring (CGM) has changed the clinical practice
in diabetes management during pregnancy; however, its application during caesarean
section remains understudied. This feasibility study evaluates the performance, reliability,
and clinical utility of two CGM systems—FreeStyle Libre 2 and Medtronic Guardian
Connect—during caesarean delivery and the early postpartum period in a patient with
pregestational diabetes mellitus (PGDM). Methods: A prospective, single-patient study
was conducted. A 32-year-old woman with type 1 diabetes underwent elective caesarean
section at 38 weeks of gestation. Both CGM systems were applied over 18 h prior to
surgery and monitored continuously through the intraoperative and five-day postpartum
period. Glucose data, device performance, and usability were assessed. Results: Both CGM
systems provided uninterrupted, high-quality glucose data throughout the perioperative
period, including during spinal anaesthesia, surgical manipulation, and postoperative
recovery. No sensor displacement nor signal loss occurred. Glycaemic readings remained
within the normoglycaemic range (90-100 mg/dL) during surgery, with mild elevations
observed during anaesthesia initiation. Postoperatively, both systems showed comparable
glucose trends, with slightly lower readings from FreeStyle Libre 2. Conclusions: CGM is
feasible and reliable during caesarean section in PGDM patients. These findings support
the integration of CGM into obstetric surgical care and highlight the need for larger studies
to validate clinical benefits.

Keywords: caesarean section; continuous glucose monitoring; feasibility study; Perioperative
Glycaemic Control; pregestational diabetes mellitus

1. Introduction

Effective glycaemic control in women with pregestational diabetes mellitus (PGDM)
undergoing caesarean section is critical to minimizing perioperative risks for both the
mother and the neonate. Intraoperative and postoperative hyperglycaemia have been asso-
ciated with increased rates of surgical site infections, delayed wound healing, and neonatal
complications such as hypoglycaemia and respiratory distress [1-4]. Standard glucose
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monitoring methods, typically based on intermittent capillary blood glucose measure-
ments, may be insufficient to detect rapid glycaemic fluctuations during the perioperative
period [5].

Continuous glucose monitoring (CGM) systems provide real-time data on interstitial
glucose levels, offering the potential for more precise and responsive glycaemic manage-
ment [6]. While CGM has demonstrated clinical benefits in the outpatient diabetes care and
during pregnancy [7], its application in the surgical setting—particularly during caesarean
delivery—remains under-investigated. The perioperative environment introduces unique
physiological and pharmacological variables, including stress-induced hyperglycaemia,
anaesthetic effects, and altered nutritional intake, which may influence both glycaemic
dynamics and CGM performance [8,9]. Several CGM devices are currently available, each
with distinct technological features, accuracy profiles, and usability considerations [10].
However, comparative data on their feasibility and reliability in the context of caesarean
section in PGDM patients are limited. Understanding how these systems perform under
surgical conditions is essential for informing clinical decision-making and optimizing
perioperative glucose control.

This study aims to evaluate the feasibility of using CGM during caesarean section and
the immediate postoperative period in women with pregestational diabetes. Specifically, we
compare two CGM systems in terms of performance, usability, and clinical applicability in
the perioperative setting: Medtronic Guardian Connect and Abbott FreeStyle Libre System.

2. Materials and Methods

This was a prospective, single-patient feasibility study conducted in March 2025 at the
II Department of Obstetrics ang Gynecology, Medical University of Warsaw, to evaluate the
performance of two continuous glucose monitoring (CGM) systems during the caesarean
section and the early postpartum period. The participant was a woman with class C
pregestational diabetes mellitus (type 1), aged 32, scheduled for elective caesarean delivery
under spinal anaesthesia at term (38 weeks of gestation). She was receiving intensive
insulin therapy via insulin pump.

Two CGM systems were used: the FreeStyle Libre 2 (Abbott Diabetes Care, Witney,
UK) and the Medtronic Guardian Connect (Medtronic, Seoul, Republic of Korea). Sensors
were placed on the opposite upper arms over 18 h prior to the scheduled caesarean section
to allow for sensor stabilization. The Medtronic Guardian sensor was calibrated using
capillary blood glucose values per manufacturer instructions, while the Freestyle Libre
operated in a factory-calibrated mode.

Glucose data were collected continuously from both devices during the caesarean
section and for five days postpartum. The average mean absolute relative difference
(MARD) of analysed CGM devices for the operative day was calculated using temporally
matched glucose data from CGM systems and comparison of two reference capillary
blood glucose values [11,12]. The following mathematical formula was applied for the
MARD calculation, based on self-monitored blood glucose (SMBG) values paired with
CGM recorded levels:

MARD = (1/n) x ¥ 1(CGM — SMBG)/SMBG | x 100%

The study was approved by the Medical University of Warsaw Bioethics Committee
(approval number: KB/134/2024) and conducted in accordance with the Declaration of
Helsinki. Written informed consent was obtained prior to participation. The project was
financed from the internal Medical University of Warsaw grant (number 12/M/MB/N/24).

During the preparation of this manuscript the authors used Microsoft Copilot powered
by OpenAl’s GPT-4 architecture for the purposes of grammar and spelling check of human
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prepared text. The authors have reviewed and edited the output and take full responsibility
for the content of this publication.

3. Results
3.1. Patient’s Characteristics

The study participant was a 32-year-old woman with class C pregestational diabetes
mellitus type 1, diagnosed at the age of 15. Her medical history also included hypothy-
roidism, managed with 50 micrograms of levothyroxine. This was her second pregnancy
and second caesarean delivery. The first caesarean section was performed due to abnor-
mal cardiotocography (CTG) findings and suspected perinatal asphyxia. In the current
pregnancy, the indication for elective caesarean section at 38 weeks of gestation was severe
tokophobia. Throughout the pregnancy, the patient used a Medtronic continuous glucose
monitoring (CGM) system in combination with an insulin pump, with a total daily insulin
dose of approximately 70 units. Insulin infusion rate was automatically controlled by glu-
cose levels measured by Medtronic CGM feedback to the pump. The patient was familiar
with functioning of both analysed systems as she used FreeStyle Libre 2 device before
pregnancy. The HbAlc level at 28th gestational week was 49 mmol/mol, and increased to
62 mmol/mol in the 37th gestational week. Obtained time in range (TIR) during pregnancy
was 66-72%. The caesarean section was performed under spinal anaesthesia using a Pfan-
nenstiel skin incision and a transperitoneal approach with a low transverse uterine incision.
A healthy male neonate was delivered, weighing 3795 g and measuring 53 cm in length,
with Apgar scores of 10 at 1st, 3rd and 5th minutes. The neonate was classified as large
for gestational age (99th percentile). The caesarean section was uncomplicated, with an
estimated blood loss of 800 mL and normal postoperative wound healing.

3.2. Glycaemic Control During the Caesarean Section

The procedure began at 08:54 and concluded at 09:55, with the neonate delivered at
08:59. The patient was fasting since midnight. The total dosage of insulin on this day
was 34 units. During the caesarean section the patient was administered insulin via the
insulin pump with the dosage of 2 units per hour. Both CGM devices—FreeStyle Libre
2 and Medtronic Guardian Connect—provided continuous glucose data throughout the
procedure and the early postpartum period, despite the use of bipolar electrocoagulation,
repeated non-invasive blood pressure measurements, and changes in patient’s positioning
required for surgical access. Continuous glucose detection by the FreeStyle Libre required
the presence of a functioning mobile phone with the appropriate application installed and
active within a 5-m range of the patient in the operating room. The glycaemic readings
obtained from both devices were comparable throughout the monitoring period, with no
clinically significant discrepancies observed. Glycaemic monitoring continued without any
interruptions during the entire intraoperative phase, the patient’s transfer to the postop-
erative care unit, and throughout the early recovery period, with both devices remaining
fully functional and providing comparable glucose readings. Both devices recorded a mild
elevation in glucose levels upon the patient’s entry into the operating room (08:29) and
at the initiation of the spinal anaesthesia (08:42), which may have been associated with
emotional stress, anxiety, pain perception, or preoperative antibiotic administration. Both
systems showed a subtle decrease in glucose levels during the surgical procedure, with val-
ues remaining stable within the normoglycaemic range of 90-100 mg/dL (5-5.55 mmol/L).
Neither device registered any significant changes in glucose levels immediately before
or after delivery of the neonate, nor in response to the progressive intraoperative blood
loss, suggesting stable glycaemic control throughout the procedure. Figure 1. shows the
results obtained during the caesarean section and in the postoperative unit with Medtronic
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Guardian Connect CGM. Figure 2. presents the results obtained during the same period
using FreeStyle Libre 2 CGM.
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Figure 1. Glycaemic readings on the operative day with Medtronic Guardian Connect device.
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Figure 2. Glycaemic readings on the operative day with FreeStyle Libre 2 device. In red: results
below 70 mg/dL (3.9 mmol/L).

3.3. Comparison of Obtained Results During the First 24 h Postpartum

The mean glucose concentration measured from capillary blood was 105 mg/dL
(5.83 mmol/L). Glycaemic readings from Medtronic device showed mean glucose concen-
tration of 117 mg/dL (6.5 mmol/L). FreeStyle Libre 2 measured mean glucose concentration
of 95 mg/dL (5.28 mmol/L) with one episode of hypoglycaemia, 58 mg/dL (3.22 mmol/L)
at 22:00, which was around 13 h postpartum. At the same time the Medtronic system
measured glucose concentration of 66 mg/dL (3.67 mmol/L). The insulin dosage via pump
was stopped at 21:00 as the detected glucose concentration with Medtronic device was
around 80 mg/dL (4.44 mmol/L) Glucose concentration exceeding 180 mg/dL (10 mmol/L)
was detected by Medtronic system altogether for 24 min on the first postoperative day
and these episodes were observed during intravenous infusion of 1 g of Paracetamol (at
12:00 and 18:00). No similar observation was detected with the FreeStyle Libre 2 CGM
system as the highest recorded glucose concentration on the same day was 166 mg/dL
(9.22 mmol/L) measured at 16:00. None of the devices recorded changes in glycaemic
trends during administration of Morphine, Ibuprofen, nor intravenous fluids. Overall
glycaemic trends recorded by both devices were comparable, with slightly lower results
obtained with FreeStyle Libre 2. No sensor displacement nor signal loss was observed
in the postoperative period, confirming the reliability and stability of both CGM systems
under clinical conditions. The patient performed two SMBG measurements of capillary
blood glucose levels on the operative day. The average mean absolute relative difference
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(MARD) of analysed CGM devices for the operative day was below 10% for both CGM
systems (Table 1).

Table 1. The average mean absolute relative difference (MARD) of analysed CGM devices during the
operative day.

Glucose Level Measured Glucose Level Measure by Medtronic CGM  Freestyle Libre

SMBG by Medtronic CGM FreeStyle Libre CGM MARD * CGM MARD *
7.94 mmol/L 7.67 mmol/L 6.89 mmol/L 8.5% 8.05%
3.67 mmol/L 4.17 mmol/L 3.56 mmol/L 7 oo

* The following formula was applied for MARD calculation: MARD = (1/n) x }_ | (CGM — SMBG)/SMBG | x
100% [11,12]. n = 2; SMBG—self-monitored blood glucose.

3.4. Neonatal Outcomes

The neonate was born in good general condition, with Apgar scores of 10 at both 1st
and 5th minutes, and remained with the mother throughout the hospitalization. There
was no need for admission to the neonatal pathology unit nor the neonatal intensive care
unit. Immediate skin-to-skin contact was established after birth, and breastfeeding was
initiated shortly after the caesarean section finished. The infant’s birth weight was 3795 g,
corresponding to the 99th percentile for gestational age. Initial glycaemic measurements
in the neonate were 43 mg/dL (2.38 mmol/L) at 1 h and 15 min after birth, 46 mg/dL
(2.56 mmol/L) at 2 h, and 56 mg/dL (3.11 mmol/L) at 24 h. The neonate was exclusively
breastfed during the first two days of life. On the third day, a morning glucose level of
36 mg/dL (2 mmol/L) was recorded, following supplementation with formula milk, which
resulted in a postprandial glucose level of 82 mg/dL (4.56 mmol/L) one hour later. Mixed
feeding was continued thereafter. The neonate was discharged in good condition alongside
the mother on the fifth day postpartum. Due to the maternal history of pregestational
diabetes, screening ultrasound examinations of the central nervous system, abdomen, and
heart were performed, all of which revealed no abnormalities.

4. Discussion

This feasibility study demonstrates that the use of both analysed CGM systems—
FreeStyle Libre 2 and Medtronic Guardian Connect—is technically feasible and clinically
reliable during the caesarean section and the early postpartum period in a patient with
pregestational diabetes mellitus. Both devices provided uninterrupted, high-quality glucose
data throughout the perioperative course, including during patient positioning, spinal
anaesthesia, bipolar electrocoagulation use, and transport to the postoperative care unit.
Importantly, no signal loss nor sensor displacement occurred, and both systems showed
comparable glucose readings, supporting their utility in a surgical setting.

A mild elevation in glucose levels was observed upon entry to the operating room
and during the initiation of spinal anaesthesia, likely reflecting a physiological stress
response [2,9,13]. However, intraoperative glycaemia remained stable within the normogly-
caemic range (90-100 mg/dL; 5-5.55 mmol/L), with no significant fluctuations associated
with delivery of the neonate or blood loss. These findings suggest that CGM can provide
reliable real-time data even under dynamic physiological conditions, potentially allowing
for more precise insulin titration and improved glycaemic control during surgery.

To our knowledge, this is one of the first reports to directly compare two CGM systems
in the intraoperative and immediate postpartum setting in a patient with type 1 diabetes.
While previous studies and society recommendations have demonstrated the benefits of
CGM in pregnancy, including improved neonatal outcomes and time-in-range metrics, data
on its use during caesarean delivery remain limited [4,7,14-17]. Our findings support the
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feasibility of CGM integration into obstetric surgical care and highlight the potential for
CGM to enhance perioperative glucose management in high-risk pregnancies.

While both CGM systems performed well, differences in their operational require-
ments were noted. The FreeStyle Libre required proximity to a functioning mobile device
for continuous data capture, which may pose logistical challenges in some surgical envi-
ronments [10]. In contrast, the Medtronic Guardian system, with real-time transmission
and calibration features, may offer advantages in settings where uninterrupted monitoring
is critical. Additionally, systems compatible with insulin pumps allow sensor-augmented
pump therapy and provide potential for rapid insulin intake adjustments based on real-
time glucose level recordings [8]. This option could be especially helpful for patients
with more extensive or rapid glucose level fluctuations and difficulties in diabetes con-
trol [8]. In less complex clinical scenarios, the selection of a more cost-effective CGM
system may be appropriate, particularly for patients with insurance coverage that includes
device reimbursement. Under such conditions, depending on the location, local regulations
and reimbursement policy, the monthly cost of the FreeStyle Libre 2 system may be even
10 times lower than that of the Medtronic Guardian system, representing a substantial
economic advantage for both patients and payers when clinical needs allow for flexibility in
device choice [10,18]. Currently, the FreeStyle Libre system is 70% reimbursed for pregnant
women with diabetes in Poland, in accordance with the Regulation of the Minister of Health
dated 13th October 2023, which amended the list of reimbursed medical devices issued on
prescription [18].

Limitations of this study include the single-patient design. Additionally, some techni-
cal difficulties were identified during comparable analysis of the devices. It was not possible
to generate and compare ambulatory glucose profiles (AGP) with time in range, time above
range and time below range for the operative day (one single day) as the minimum possible
time range in the LibreView platform for AGP calculation is seven days. AGP results are
also missing in the detailed daily reports generated based on data from the Medtronic
CGM. Another study limitation is associated with the low number of SMBG measurements
used for the MARD calculations as the capillary blood glucose levels was measured twice
on the operative day, which could lead to inherent statistical bias. Larger studies are
needed to validate these findings and to explore whether CGM-guided insulin therapy
during caesarean section can improve maternal and neonatal outcomes on a broader scale.
Additionally, while both devices performed well, further comparative studies are needed
to assess accuracy, usability, and integration with perioperative workflows.

5. Conclusions

Continuous glucose monitoring can support stable intraoperative glycaemic control
and may facilitate more precise insulin management during caesarean section and post-
operative period in patients with pregestational diabetes. While both analysed systems
performed comparably in terms of data quality, differences in operational features and cost
may influence device selection based on clinical complexity and resource availability.
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