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Abstract

Introduction: The intravenous glucose tolerance test (IVGTT) is acknowledged as the gold standard for assessing insulin
sensitivity, as it provides the glucose clearance rate (Kg) from the bloodstream. The ICARUS panel expert protocol for the
implementation of the IVGTT involves the administration of a high dose of glucose over a brief bolus period, which is risky and
may result in discomfort. This study aimed to demonstrate the feasibility of a heparin-assisted IVGTT with a lower glucose
infusion rate and to determine the glucose clearance rate from blood (Kg) for healthy black African adults using a modified
ICARUS protocol. Methods: In a modified ICARUS protocol, heparin was administered to six healthy black African volunteers
to prevent clotting in an indwelling catheter. Then, an infusion of 0.33 g/kg glucose was administered over 5—10 min instead of
the usual 0.50 g/kg over 3 min. Blood sampling was performed every 5—10 min for up to 95 min. Blood glucose levels were
determined using the glucose oxidase method. Timed blood glucose curves were plotted, and the following parameters were
determined: area under the curve (AUC), baseline return time, and glucose clearance rate (Kg). Results: No bleeding symptoms
or other adverse events were observed. The blood glucose peak ranged from 9.4 to 15.3 mmol/L. The baseline returned time
ranged from 45 to 55 minutes. Kg ranged from 1.6 to 2.7, depending on the amount of infused glucose. The AUC varied with
the amount of infused glucose and infusion duration. The Staub effect was not observed in this study. The features of the curves
were all plausible compared to those obtained in healthy subjects using the original Icarus protocol. Conclusion: Under our
experimental conditions, we achieved IVGTT using a heparin-assisted IVGTT protocol with reduced glucose infusion rates, and
determined the glucose clearance rate. This protocol is feasible and can potentially be used to assess insulin sensitivity. The
protocol can be applied on a larger scale to determine its statistical features.
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1. Introduction

Accurate quantification of pancreatic beta cell function and
insulin sensitivity is essential for understanding the patho-
physiology of diabetes. A range of direct and indirect tech-
niques are used to assess insulin secretion, each offering spe-
cific benefits and drawbacks [1]. The intravenous glucose tol-
erance test (IVGTT) is recognized as the gold standard be-
cause it directly stimulates beta cells, bypassing the incretin
effect mediated by the digestive tract. This dynamic test as-
sesses insulin secretion by measuring the glucose clearance
rate (Kg) in the blood [2]. Numerous factors contribute to the
variations in insulin response. Several studies have demon-
strated an association between insulin sensitivity and ethnic
factors [3, 4]. To standardize these measurements, the ICA-
RUS protocol proposed guidelines recommending an infusion
of 0.5 g/kg glucose over 3 min [5]. However, despite its use-
fulness in research, this protocol is still perceived as a cum-
bersome and complex dynamic testing method, with limited
clinical implementation, particularly in an African limited
healthcare context, where reference data on glucose kinetics
are still incomplete. The application of the ICARUS protocol
raises several safety and tolerance challenges. Rapid injection
of highly concentrated glucose solutions can lead to a sudden
expansion of plasma volume of approximately 10%, repre-
senting significant cardiovascular stress and potentially induc-
ing acute hypotensive episodes [6]. Furthermore, repeated
blood sampling (often between 12 and 30 samples over two to
three hours) causes a high level of discomfort for the patient.
Alternatively, an indwelling catheter increases the risk of ob-
struction due to intraluminal coagulation, which compromises
data quality [7]. Using lower concentrations and longer infu-
sion times could reduce these risks while improving the tech-
nical feasibility of the test. Therefore, it is imperative to verify
the feasibility of a modified ICARUS protocol specifically
adapted to the low-level healthcare logistics context to ensure
reliable and safe testing. We hypothesized that a simplified
IVGTT protocol using heparin to maintain catheter intralu-
minal fluidity, a reduced glucose concentration, and a pro-

longed infusion time would be feasible and safe. We hypothe-
sized that this simplified protocol would prevent any adverse
events or bleeding syndromes while providing a biologically
plausible glucose clearance rate (kg) comparable to standard
kinetic models. This study aimed to demonstrate the clinical
and logistical feasibility of a modified simple IVGTT protocol
in healthy Black African adults. Feasibility will be assessed
according to three strict criteria: 1. The absence of bleeding
syndromes related to heparin use. 2. Absence of adverse
events (hypotension, cardiovascular stress, or malaise). 3. The
plausibility of the calculated glucose clearance rate (kg) was
also assessed.

2. Materials and Method

The study received institutional authorization from the Ce-
DReS Research Committee prior to its commencement.

2.1. Subjects

Six assays were performed on six healthy adults (including
four males) aged 27-35 years. Informed consent was obtained
from the participants before enrollment. The absence of any
chronic endocrine or metabolic disease susceptible to infer
blood glucose was assumed based on a normal medical exam-
ination and normal oral glucose tolerance test results. Table 1
presents the participants’ anthropometric features. The partic-
ipants were instructed not to perform any unusual physical ex-
ercise the day before the test. Participants were instructed to
consume three meals per day for the three days preceding the
test. These meals included at least one serving of fruit and at
least two servings of starchy foods, such as bread, rice, cas-
sava, plantain, yam, gari, potato, pasta, millet, sorghum, or
corn, to ensure a daily intake of at least 150 grams of carbo-
hydrates [8]. The participants fasted for at least 6 h but not
more than 16 h before the test.

Table 1. Subject and intravenous glucose tolerance test characteristics (n=6).

Subject parameters Mean
Age 31.2
Weight 66.7
Height 173.6
Body mass index 22.1
Fasting duration 11.9

Standard deviation Units
3.6 year
16.9 kg
12.7 cm

2.5 cm/kg?
0.9 hour
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2.2. Experimental Methods

We used an original modified version of the protocol rec-
ommended by the Icarus Expert Panel [5]. Table 2 presents a
comparison of the features of our protocol with those of the
Icarus protocol expert panel. The main differences of our protocol
are as follows: administration of a prior heparin injection, a reduced
rate of infused glucose, and an extended infusion duration. These
modifications aimed to improve patient comfort by reducing the

number of needle punctures for blood withdrawal and reducing the
clinical discomfort induced by high concentrations of infused glu-
cose. Tests were performed between 6.30 and 10.30 am. Two hours
prior to the experiment, each participant was administered a sub-
cutaneous injection of 4500 UI/0.45 ml of tinzaparin
(Innohep), a low-molecular-weight heparin, to prevent clot
formation following the insertion of an indwelling catheter
into the vein of one arm.

Table 2. Compared implementation protocols of intravenous glucose tolerance test.

Icarus protocol

Our Protocol

Number of volunteers 20 6

Diet 3 days (at least 150 g daily of carbohydrate)

Physical activity Normal

Fasting (hours) 10-16

Tests time 6.30-10.30

TO (min) Start of glucose infusion

Infused glucose concentration (g/kg) 0.50 0.33
Infusion duration 3 min + 15 sec 5 -10 min

Arm for perfusion and blood collection same arm

Anticoagulant none

A glucose infusion (0.33 g/kg with a 30% solution) [9] at
room temperature was infused within 5—10 minutes (min) into
the vein of one arm. Blood samples were collected from a vein
in the opposite arm before the infusion of glucose (time 0 mn).
We then collected blood samples nine times at 5 min intervals
and then five times at 10 min intervals. Blood samples were
collected in tubes containing antiglycolytic fluoride salt as an
additive. In order to detect a possible hemorrhage, urine sam-
ples were collected to assess for hematuria using dipstick uri-
nalysis Multistix 10 SG (Siemens).

Blood glucose concentration was measured in the plasma
using the molecular absorption photometric method with the
glucose oxidase enzyme coupled with the Trinder reaction
[10]. Blood glucose concentration was determined at different
time points following the infusion of glucose. Blood glucose-
timed curves were plotted, and the following parameters were
determined: glucose clearance rate (Kg), area under the curve
(AUC), and baseline time return. Kg was determined with the
following equation with G is glycemia at t time. We varied the
infusion duration and the infused glucose quantity to deter-
mine their impact on the shape of the curve.

Glycemia varies with time according to the following equa-
tion:

G=glycemia at t time

36

opposite arm

heparin

Kg

G = A X e 100t 1

The intercept of this equation (G) is the glycemia at t=0.
The slope of this equation represents the glucose clearance
rate (Kg).

Kg _ logGo—logG

= X 2,30
100

2)

Each subject was used to assess the modification of one as-
pect of the Icarus protocol. Feasibility was assessed based on
the completion of the experiment, the absence of discomfort
in the subjects, and the obtaining of analysis constants, such
as the glucose clearance rate (Kg), area under the curve (AUC),
and baseline time return.

3. Results

3.1. Clinical Observations

Throughout the experiment, we did not observe any in-
stances of blood clotting that resulted in obstruction of the in-
dwelling catheter. No pain, redness, or swelling suggestive of
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thrombophlebitis was observed in any participant. No hemor-
rhagic symptoms were observed. Additionally, all urinalysis
tests yielded negative results, indicating the absence of hema-
turia in all participants.

Except for a warm, painless feeling limited to the area of
administration, the injection of glucose solution 30% was well
tolerated by the subjects. The warm feeling was cooled by
slowing the injection of the glucose solution and placing the
hand of the infused arm on a hot-water bag.

3.2. Shapes and Features of Glycemia Curves

In all experimental conditions, the plotted curves exhibited

12

10r

Glycemia (mmol/L)

PR I PRy ————

an exponential shape characterized by a four-phase pattern.
The initial phase was a rapid ascent, reaching a peak at the
fifth minute. This was followed by a biphasic decline pattern:
one at 25 min and the other at 60 min. The final phase was
characterized by a plateau, stabilizing around the baseline
blood glucose level (Figure 1).

Peak blood glucose levels were more dispersed around the
peak times. This blood glucose dispersion decreased with time,
as evidenced by the following mean values: 12.84 + 2.17
mmol/l at 5 min vs. 5.04 £ 0.51 mmol/l at 55 min.

No Staub-Traugott effect, indicating counter-regulation to
the insulin response, was observed.

(60, 4.78)

40

Time (minutes)

Figure 1. Average timed blood glucose during an intravenous glucose tolerance test.

Glucose Infusion duration: 5 — 8 minutes; Glucose solution concentration 0.33 g/kg (glucose/body weight); Subject effective: 6; Subject body
mass index range [19.3 —24.9]; Trend curve equation Glycemia = 13.2¢0084time,

The IVGTT curves demonstrated shape characteristics analogous to those identified in healthy adults, as determined by the

ICARUS group (Table 3).

Table 3. Statistical features of IVGTT curves (n=6).

Mean Standard deviation Minimum value Maximum value
Glycemia peak (mmol/l) 12.84 2.17 9.38 15.26
Glucose disappearance rate (%/min) 2.1 0.4 1.6 2.7
Baseline time return (minute) 55 5.8 45 65
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3.3. Varying Shapes of Glycemia Curves

The highest rate was observed when the maximum volume
of glucose was injected within the shortest duration. Extend-
ing the duration of glucose infusion increased the area under

the curve (AUC) (Figure 2). Conversely, reducing the volume
of infused glucose led to a decrease in peak maxima, which
correspondingly reduced the AUC (Figure 3).
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Glucose solution concentration 0.33 g/kg (glucose/body weight); Subject body mass index: 24.9

Figure 2. Comparative plots of intravenous glucose tolerance test with varied infusion duration.
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Infusion duration 5 min; Subject body mass index: 19.3

Figure 3. Comparative plots of intravenous glucose tolerance test with varied infused glucose quantity.

4. Discussion

Several diagnostic tests are available to assess disorders of
glucose metabolism, including the oral glucose tolerance test,
intravenous glucose tolerance test, and glycated hemoglobin
(HbAlc) level. While HbAlc is recognized for its specificity

38

and ease of use in diagnosing diabetes mellitus, IVGTT is con-
sidered the most sensitive method for detecting insulin sensi-
tivity in diabetes mellitus and associated diseases [11]. Re-
search indicates that IVGTT is a valuable tool for assessing
beta cell function, insulin secretion, and insulin resistance,
which are important in the treatment of glucose metabolism
disorders [12]. Unfortunately, IVGTT lacks standardization to
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compare inter-serial results [13]. Some methodologies use bo-
lus glucose administration, characterized by rapid delivery in
under three minutes, while others use slower administrations,
with infusion durations exceeding five minutes. Although
none of these methods have demonstrated significant differ-
ences in diagnostic performance, infusion administration of-
fers enhanced patient comfort and mitigates the risk of throm-
bophlebitis induced by high concentrations of glucose [14].
Our methodological choices were based on these considera-
tions.

Given that all participants were in good health, it can be
concluded that factors such as infection, diabetes mellitus, and
hypertension did not influence the shape of the glucose curve
or the rate of glucose clearance in this study. Therefore, we
assumed that the observed glucose clearance was solely at-
tributable to the experimental conditions of this study. The
protocol modifications included the prior administration of
heparin, lower glucose concentrations, and lower infusion
rates. Heparin was first used to facilitate the collection of ve-
nous blood from an indwelling catheter by preventing needle
clogging. And secondly, the heparin can mitigate the inhibi-
tory effect of antithrombin III on hyperglycemia [15]. On the
one hand, this revised protocol of the Icarus expert group,
which involves the pre-administration of heparin prior to glu-
cose infusion and blood sampling, as well as the use of lower
glucose concentrations and reduced infusion volumes, suc-
ceeded to mitigate the risk of thrombophlebitis associated with
high glucose concentrations [16]. On the other hand, the addi-
tion of heparin effectively prevented occlusions in the catheter
between blood withdrawal intervals and thromboembolism
without altering the curve's shapes. The absence of clots in the
catheters and the absence of thrombophlebitis, hemorrhagic
symptoms, and hematuria in the participants reflect the correct
use of heparin at the correct dosage to prevent clot formation
without inducing adverse effects.

The shapes and features of the curves obtained from the
IVGTT closely aligned with those documented in the litera-
ture for healthy adults without any conditions associated with
insulin resistance. These curves exhibit an exponential shape
with a Kg ranging between 1.5 and 2.5 [17]. The absence of
the Staub-Traugott effect in our experiments can be attributed
to the reduced glucose load compared to the Icarus protocol,
given that this effect specifically results from an excessive in-
sulin response triggered by a substantial glucose load [18, 19].
The biphasic decline observed in the curves indicates distinct
dominant metabolic and physiological processes that were not
monitored in this study. The absence of timed urine sampling
to assess urinary glucose levels precluded our ability to distin-
guish between the roles of renal clearance from tissue resorp-
tion in the decrease in blood glucose levels following the in-
sulin response.

Finally, the modified protocol allowed the preservation of
the blood glucose peak and AUC for calculating the rate of
glucose uptake (Kg). The results showed that the infusion du-
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ration was sufficient to shape the expected glucose metabo-
lism curve response. Similarly, the infused glucose concentra-
tion and volume were sufficiently high to give an optimal in-
sulin response so that the glucose peak melted within 55 min.
The absence of bleeding symptoms and the Staub effect sug-
gest the safety and reliability of this modified approach. The
protocol modifications appear to enhance patient comfort and
safety without compromising the ability to measure key pa-
rameters, such as the glucose clearance rate. Further research
with larger sample sizes is needed to fully validate this modi-
fied approach and to compare it directly to the Icarus IVGTT
protocol. Additional studies should also examine the applica-
bility of this protocol in individuals with diseases associated
with insulin resistance. Overall, this modified IVGTT proto-
col shows promise as a potentially improved method for as-
sessing insulin sensitivity and glucose metabolism in Black
African adults.

5. Conclusions

This study demonstrated the feasibility of implementing a
modified intravenous glucose tolerance test (IVGTT) protocol
in healthy Black African adults. These changes successfully
mitigated risks of thrombophlebitis and thromboembolism
while still allowing for assessment of glucose metabolism pa-
rameters. Although this small feasibility study had limitations,
it provides preliminary evidence that a heparin-assisted
IVGTT protocol with reduced glucose infusion rates can
safely and effectively assess glucose metabolism in this pop-
ulation. Further investigation is necessary to validate this
modified approach and compare it with the Icarus IVGTT pro-
tocol.
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