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ABSTRACT

Background: Peripheral intravenous (IV) cannulation in obese patients is often more painful and may trigger a
stronger autonomic response because of difficult venous access and higher sympathetic tone. Cervical cold
stimulation is a simple, non-pharmacological maneuver that may enhance vagal activity and modulate pain
perception. This study aimed to determine whether brief bilateral cold marble application to the lateral neck can
reduce cannulation pain and blunt hemodynamic changes in obese patients.

Methods: In this prospective, randomized, controlled trial, 180 obese adults scheduled for elective surgery were
enrolled; 169 patients were included in the final analysis. Patients were randomized into three groups: no
intervention (Control), bilateral room-temperature marble application (RTM), or bilateral cold marble application at
4°C (CM). The marble was applied over the lateral cervical region for 30 seconds immediately before IV cannulation.
Cannulation was performed by a blinded anesthesiologist using a 22-gauge catheter. The primary outcome was
cannulation pain assessed by a 10-cm numeric rating scale (NRS). Secondary outcomes were changes in heart rate
(HR) and blood pressure.

Results: Baseline demographic and hemodynamic variables were similar among groups. Cannulation pain showed a
significant between-group difference (P < 0.001): mean NRS was 4.9 + 1.8 in the Control group, 4.3 £ 1.7 in the RTM
group, and 3.5 + 1.6 in the CM group, indicating the greatest analgesic effect with cold application. The proportion
of patients reporting mild pain (NRS ? 3) was highest in the CM group. HR response also differed: HR increased after
cannulation in the Control (+2.4 + 4.2 bpm) and RTM (+2.7 + 4.4 bpm) groups, whereas it slightly decreased in the
CM group (—1.1 + 3.8 bpm), consistent with attenuation of the autonomic response. Blood pressure changes were
small and clinically insignificant in all groups. No adverse events related to the intervention were observed.

Conclusion: A 30-second bilateral cold marble application to the lateral cervical region is an easy, inexpensive, and
safe technique that reduces IV cannulation pain and blunts the heart rate response in obese patients. This maneuver
can be readily integrated into routine practice, particularly in bariatric and anxious populations, to improve
procedural comfort.

Abbreviations: CM: cold marble, IV: intravenous, bpm: beats per minute, NRS: Numerical Rating Scale. RTM: room-
temperature marble application,
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1. INTRODUCTION

Obesity has become one of the most important health
problems of our time.! Its prevalence is steadily
increasing all over the world, and this trend brings along
many metabolic, cardiovascular, and respiratory
disorders.? Because of these comorbidities, obese
patients are admitted to hospitals more frequently and
undergo a wide variety of diagnostic and therapeutic
procedures. Almost all of these procedures require
reliable venous access, which makes intravenous
cannulation a routine but essential part of daily clinical
practice.®

However, establishing peripheral intravenous (1V)
access in obese patients is far from simple. The thickened
subcutaneous tissue and altered vascular anatomy cause
veins to become deeper and less visible, making
cannulation technically difficult.* This often leads to
multiple attempts, prolonged procedure times, and
greater patient discomfort.®> In addition, the increased
sympathetic activity and impaired autonomic regulation
frequently seen in obese individuals contribute to
hemodynamic fluctuations, higher anxiety, and a lower
pain threshold.® Taken together, even a simple IV
cannulation may become a stressful, painful, and
complication-prone procedure in this group of patients.

Several non-pharmacological methods have been tested
to improve patient comfort and facilitate vascular access.
Among them, the Valsalva maneuver and transcutaneous
auricular vagus nerve stimulation (taVNS) are the best
known.”® Although effective, both approaches have
important limitations, as they either require active patient
participation or depend on special devices. Cold
application to the cervical region, on the other hand, is a
much simpler and cheaper technique. By stimulating
vagal fibers and baroreceptors, localized cold exposure
has the potential to reduce pain perception and modulate
autonomic responses at the same time.*°

Studies performed in non-obese populations have shown
that cold stimulation can reduce pain during vascular
access.! Yet, to date, there is no clear evidence
regarding its effectiveness in obese patients, who
actually represent the group most likely to benefit. The
higher incidence of difficult intravenous access,
increased procedural anxiety, and vulnerability to
complications make this issue particularly relevant.'?

For this reason, the present study was designed to
evaluate the analgesic and autonomic effects of cold
marble application to the lateral cervical region during
intravenous cannulation in obese patients. We
hypothesized that this brief and non-pharmacological
intervention would lower pain scores and attenuate
autonomic stress compared with control and sham
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conditions. However, there is limited evidence regarding
whether cervical cold application can modulate both pain
perception and autonomic activity, particularly in obese
patients.

2. METHODOLOGY

This prospective, randomized, controlled trial was
conducted between May 2025 and August 2025 at the
Department of Anesthesiology and Reanimation, Istinye
University Medical Park Gaziosmanpasa Hospital,
Istanbul, Turkey. The study protocol was approved by
the Institutional Review Board of Istinye University
(Approval No: 2025/03), and written informed consent
was obtained from all participants prior to enrollment.
The trial adhered to the principles of the Declaration of
Helsinki.

A total of 180 adult patients scheduled for elective
surgery under general anesthesia were assessed for
eligibility. Inclusion criteria were: age between 18 and
65 years, body mass index (BMI) >35 kg/m?, American
Society of Anesthesiologists (ASA) physical status 11—
111, and absence of known peripheral vascular disease,
uncontrolled hypertension, arrhythmias, or autonomic
dysfunction.

Patients with coagulation abnormalities, previous neck
surgery, significant carotid artery disease, local
infection, chronic analgesic use, psychiatric illness, or
refusal to participate were excluded.

Only patients who achieved successful intravenous
cannulation at the first attempt were included in the
analysis. Patients requiring multiple attempts were
excluded to avoid potential confounding effects.

Patients were randomized into three groups using a
computer-generated randomization sequence in a 1:1:1
ratio. Group assignments were placed in sealed, opaque
envelopes prepared by a statistician not involved in data
collection to ensure allocation concealment. Both the
anesthesiologist performing cannulation and the
investigator recording outcomes were blinded to group
allocation, ensuring an unbiased assessment, while
patients were aware of the marble application but not of
the temperature hypothesis.

Group C: Control group (no intervention)
Group RM: Room-temperature marble group
Group CM: Cold marble group

Due to the nature of the intervention, patients were aware
of the marble application but were not informed about
the temperature hypothesis. They were told that the study
was designed to examine the effects of “different
physical stimulation techniques” on cannulation-related
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discomfort. A dedicated nurse, who was not involved in
data collection or cannulation, prepared and applied the
marbles. The investigator responsible for recording
Numeric Rating Scale (NRS) pain scores and
hemodynamic parameters was blinded to group
allocation.

Importantly, the anesthesiologist performing intravenous
cannulation was also blinded to group assignment,
ensuring procedural consistency and minimizing
potential bias.

Patients were positioned supine, and the lateral cervical
region over the carotid sinus at the level of the thyroid
cartilage was identified bilaterally. The marble was
applied bilateral cervical region for 30 seconds.

In Group CM, a marble cooled to 4 °C in a medical
refrigerator was applied to the skin for 30 seconds
immediately prior to intravenous cannulation.

In Group RM, a marble stored at room temperature
(~22 °C) was similarly applied for 30 seconds.

In Group C, no intervention was applied.

Marble temperatures were verified using an infrared
thermometer before each application. A standardized,
polished marble sphere (diameter: 2 cm, weight:
approximately 10 g) was used for all applications. Each
marble was disinfected and stored in sterile conditions
prior to use. For standardization, a new marble was used
for every patient, retrieved from the refrigerator
immediately before use.

Peripheral intravenous cannulation was performed in the
dorsum of the hand using a 22-Gauge intravenous
catheter (Introcan Safety®, B. Braun, Germany). All
cannulations were performed by a single experienced
anesthesiologist (>5 years of practice) in obese patients.
Only first-attempt successful cannulations were included
in the analysis to ensure procedural consistency.The
anesthesiologist performing the cannulation and the
investigator recording NRS and hemodynamic data were
both blinded to group allocation, ensuring unbiased
assessment.

Patients were aware of the marble application but were
not informed about the temperature hypothesis.
Accordingly, the trial followed an operator- and
assessor-blind design, while participants remained
partially blinded to the intervention. Only first-attempt
cannulations were analyzed; patients requiring more
than one attempt were excluded.

The primary outcome was pain during intravenous
cannulation, measured using a 10-cm Numeric Rating
Scale (NRS), marked 0 = no pain to 10 = the worst
imaginable pain. The NRS score was assessed by the
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blinded investigator immediately (<1 minute) after
successful cannulation.

Secondary outcomes included: Heart rate (HR) and mean
arterial pressure (MAP) were measured at three time
points: baseline (before intervention), immediately after
marble application (or 30s wait in controls), and
immediately after cannulation. All hemodynamic
parameters were continuously monitored using a
standard multiparameter monitor (Infinity Delta®,
Drager, Germany), and values were recorded manually
at the predefined time points.

Sample Size Calculation

Based on pilot data from 15 patients (NRS difference
2.1+£1.5, Cohen’s d= 0.45), a power analysis was
conducted using G*Power v3.1. To achieve 80% power
at an alpha level of 0.05, the minimum required sample
size was 56 patients per group. To compensate for
potential dropouts, 60 patients per group were included,
resulting in a total sample size of 180 patients.

Statistical Analysis

All statistical analyses were performed using SPSS
version 22.0 (IBM Corp., Armonk, NY, USA).
Continuous variables were tested for normality using the
Shapiro-Wilk test and expressed as mean * standard
deviation (SD) or median [interquartile range, IQR], as
appropriate. Categorical variables were summarized as
frequencies and percentages.

Within-group comparisons of heart rate (baseline vs
post-cannulation) were made using paired t-tests with
Bonfe----rroni correction. Between-group differences in
heart rate change (AHR) were analyzed with one-way
ANOVA followed by Bonferroni post-hoc tests. Pain
scores (NRS) were compared among the three groups
using the Kruskal-Wallis test with Dunn-Bonferroni
adjustment.

Pain intensity categories were defined as mild (NRS 1-
3), moderate (NRS 4-6), and severe (NRS 7-10).
Categorical comparisons among groups were performed
using the Chi-square or Fisher’s exact test, as
appropriate. Correlation between pain scores and heart
rate change was evaluated using Spearman’s rank
correlation coefficient.

A P-value of < 0.05 was considered statistically
significant.

3. RESULTS

A total of 180 patients scheduled for elective bariatric
surgery under general anesthesia were initially enrolled
and randomized equally into three groups (Control [C],
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‘ Table 1: Baseline demographic and hemodynamic characteristics ‘

Age (y) 453+84 46.1+9.2 44.6 +8.7 0.72
BMI (kg/m?) 38.2+1.3 36.9+1.4 37.1+15 0.65
SBP (mmHg) 126 + 8 127 £7 125+9 0.58
DBP (mmHg) 78+6 79+7 77+6 0.66
HR (bpm) 77+8 78+9 79+8 0.71
ASA /I (n, %) | 40/20 (67/33%) | 41/19 (68/32%) | 39/21 (65/35%) | 0.93

appropriate. Categorical variables were compared using the Chi-sq
statistically significant.

Data are presented as mean + SD or number (%). One-way ANOVA or Kruskal-Wallis tests were used as

uare test. P < 0.05 was considered

Table 2. Numeric Rating Scale (NRS) Scores and Pain Intensity among Groups
NRS (Mean Mild (1-3) Moderate (4—6) Severe (7-10) P-value

+ SD)
Group C 49+18 18 (32.7) 23 (41.8) 14 (25.5) < 0.001 *
Group RM 43+17 33 (57.9) 17 (29.8) 7 (12.3)
Group CM 35+16 32 (56.1) 19 (33.33) 6 (10.52)

*Kruskal-Wallis test followed by Dunn—-Bonferroni post-hoc comparisons.

Pain intensity was classified as mild (NRS 1-3), moderate (NRS 4-6), and severe (NRS 7-10). Data are
presented as number (%) or mean + SD. Between-group comparisons were performed using the Kruskal—
Wallis test with Dunn—Bonferroni adjustment. P < 0.05 was considered statistically significant.

AHR (beats / P-value

Table 3. Heart-Rate Changes (AHR) during Intravenous Cannulation

Post-hoc Comparisons (P)

min) (Overall)
Group C +2.4+4.2 <0.001* Cvs CM <0.001; Cvs RM
0.68; RM vs CM 0.002
Group RM +2.7+4.4
Group CM -1.1+38

HR relative to baseline. P < 0.05 considered statistically significant.

*One-way ANOVA followed by Bonferroni-corrected pairwise comparisons. AHR = (Heart rate immediately after
cannulation) - (Baseline heart rate). Data are expressed as mean * SD. Positive values indicate an increase in

Room-temperature Marble [RM], and Cold Marble

[CM]; 60 patients each).
However, 11 patients were excluded from the final
analysis for the following reasons:

five due to unsuccessful first-attempt intravenous
cannulation, three because of withdrawal of consent
prior to intervention, and three owing to protocol
deviations or incomplete data collection(Figure 1).
Consequently, 169 patients were included in the final
analysis (C = 55, RM = 57, CM = 57). All analyzed
patients underwent successful first-attempt cannulation
performed by the same experienced anesthesiologist..
Baseline demographic and hemodynamic parameters
were comparable across the three groups, with no
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significant differences in age, BMI, ASA physical status,
or baseline hemodynamic values (P > 0.05) (Table 1).
The mean age of participants was approximately 45
years, and all patients were candidates for bariatric
surgery with a BMI >35 kg/m?. Baseline systolic blood
pressure, diastolic blood pressure, and heart rate were
evenly distributed, confirming appropriate
randomization.

Pain intensity during intravenous cannulation showed a
significant difference among the groups (P < 0.001)
(Table 2). In the cold marble (CM) group, mild pain
(NRS 1-3) was reported by 56% of patients, moderate
pain (NRS 4-6) by 33%, and severe pain (NRS 7-10) by
10%. In the room-temperature marble (RM) group, 58%
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Table 4. Hemodynamic Parameters (SBP, DBP, MAP) during Cannulation

Parameter ‘ Group C ‘ Group RM Group CM P-value ‘
Baseline SBP (mmHg) 126 +9 127 +8 125+9 0.68
Post-application SBP (mmHg) 125+9 124 +9 123+9 0.47

Post-IV SBP (mmHg) 125+9 124 +8 122 +8 0.41

Baseline MAP (mmHg) 94+7 95+8 9317 0.63

Post-IV MAP (mmHg) 937 92+8 91+8 0.55

Data are expressed as mean + SD. Within-group changes were analyzed using paired t-tests with Bonferroni correction.
Between-group comparisons used one-way ANOVA. P < 0.05 was considered statistically significant.

of patients reported mild pain, 30% moderate pain, and
12% severe pain. In contrast, the control group exhibited
a higher incidence of moderate-to-severe pain, with 33%
mild, 42% moderate, and 25% severe pain. The mean
NRS scores were 4.9 + 1.8 in the control group, 4.3+ 1.7
in the RM group, and 3.5 = 1.6 in the CM group (P <
0.001). These findings indicate that cervical cold
stimulation ~ significantly reduced pain intensity
compared with both the control and room-temperature
conditions.

Heart rate changes (AHR) during cannulation also
differed significantly among groups (P < 0.001) (Table
3). The mean AHR was +2.4 + 4.2 bpm in the control
group, +2.7 = 4.4 bpm in the room-temperature group,
and —1.1 £+ 3.8 bpm in the cold marble group. Post-hoc
analyses revealed significant pairwise differences
between the CM group and both other groups
(Bonferroni-adjusted P < 0.01), whereas no difference
was found between the control and room-temperature
groups. In the CM group, heart rate decreased
immediately after the application of cold marble and
remained below baseline after cannulation, indicating a
sustained parasympathetic response and a reduction in
sympathetic activation. The mean HR in the CM group
decreased from 79 + 8 bpm at baseline to 76 = 8 bpm
after cold application and remained 78 + 9 bpm after
cannulation.

Systolic and mean arterial pressures showed minimal,
non-significant changes from baseline to post-
cannulation in all groups, with slightly greater reductions
observed in the CM group (Table 4). The average
systolic blood pressure in the CM group decreased by
approximately 3 mmHg after cold application, whereas
changes in the other groups were negligible. Mean
arterial pressure values followed a similar trend. No
significant within-group changes or between-group
differences were detected for blood pressure parameters
(P > 0.05). Respiratory rate and peripheral oxygen
saturation  (SpO:) remained stable across all
measurements, with no between-group differences (P >
0.05).
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A moderate negative correlation was observed between
pain intensity and AHR (P = —0.35, P < 0.001),
suggesting that patients who experienced greater pain
also exhibited a stronger autonomic response, while the
attenuation of HR in the CM group was consistent with
reduced pain perception. No adverse events related to
vagal stimulation—such as bradycardia, syncope, or
hypotension—were observed in any patient during the
study.

Overall, cold marble application resulted in a significant
reduction in pain perception and autonomic reactivity
during intravenous cannulation in obese patients.
Baseline characteristics and hemodynamic parameters
were comparable across groups, supporting that the
observed effects were directly attributable to the
intervention rather than patient variability.

4. DISCUSSION

This randomized clinical study shows that briefly
applying a cold marble to the side of the neck during
intravenous cannulation can lessen pain and influence
autonomic responses in obese patients. The finding is
important because these patients often have both difficult
venous access and an exaggerated physiological reaction
to stress.

The mechanism behind this effect seems to involve more
than one pathway. According to the Gate Control
Theory, stimulation of large-diameter A-beta fibers
blocks pain signals carried by slower C-fibers at the
spinal level, which reduces pain perception.*3* Cooling
in the neck area also activates vagal afferents and carotid
baroreceptors, increasing parasympathetic tone and
lowering sympathetic drive. Together these effects may
explain the slower heart rate and greater autonomic
stability we observed. The response resembles the diving
reflex, where facial or cervical cooling slows the heart
through vagal activation.!>! In contrast to carotid sinus
massage, however, the cold marble achieves a similar
autonomic balance without causing excessive vagal
stimulation or discomfort. Our results align with
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emerging evidence that gentle somatosensory stimuli
can modulate parasympathetic tone.

Obesity is known to increase sympathetic tone and
reduce vagal control, which leads to higher resting heart
rate and blood pressure fluctuations during stress.®” The
fall in heart rate in the cold marble (CM) group suggests
that cervical cooling temporarily restores this imbalance
by easing sympathetic activity. This may help obese
patients tolerate procedures better, providing a simple
and safe way to stabilize their hemodynamic response.

A smaller but noticeable effect was also seen in the
room-temperature marble (RM) group. Even without
cooling, gentle tactile stimulation in the neck region
seemed to calm patients slightly. Touch itself can have a
reassuring and distracting influence, and the feeling that
something helpful is being done may reduce anxiety.'8
Higher preprocedural anxiety is known to heighten pain
sensitivity and increase postoperative analgesic use,
while simple calming contact can have the opposite
effect.®2° It is possible that the mild improvement in the
RM group came not from physiological changes but
from this psychological reassurance. The idea supports
the biopsychosocial view of pain, where both physical
and emotional factors shape the patient’s experience.

Our results are in line with the work of Adigiizel et al.,
who also showed that cooling the lateral neck lowers
both pain scores and heart rate during venous access.'’
Their study confirmed that local cold stimulation can
trigger both analgesic and autonomic effects. By
extending these findings to obese individuals, our
research adds to the understanding of how such a simple
method can benefit patients with increased sympathetic
reactivity.

Our findings are consistent with non-pharmacological
methods activating vagal or baroreceptor pathways,
supporting the idea that gentle peripheral stimulation can
modulate autonomic tone through central mechanisms.
Compared with other non-pharmacological techniques
like the Valsalva maneuver or transcutaneous auricular
vagus nerve stimulation (taVNS), the cold marble
method is much easier to use. It requires no cooperation
from the patient, no equipment, and no special training .
This makes it suitable for use in emergency departments,
bariatric clinics, and oncology units, where anxiety and
technical challenges often coexist.

5. LIMITATIONS

Our study has several limitations. First,it was conducted
at a single center with a moderate number of participants,
which may limit generalizability. Second,we did not
record advanced autonomic markers such as heart-rate
variability or baroreflex sensitivity, so the physiological
mechanism can only be inferred. In addition,
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preprocedural anxiety levels were not measured, which
could represent a confounding factor since anxiety
strongly affects pain perception. Finally, excluding
patients after randomization—such as those with
unsuccessful first-attempt cannulation or protocol
deviations—may introduce attrition bias and has the
potential to affect the internal validity of the study.
Future studies combining anxiety scales with objective
autonomic data would help to clarify how emotional and
physiological responses interact.

6. CONCLUSION

In conclusion, short-term cooling of the lateral neck with
a simple marble offers an inexpensive, safe, and practical
way to reduce pain and sympathetic stress during venous
access in obese patients. Beyond the physiological
explanation, the results remind us that small, thoughtful
interventions and a sense of reassurance can make
routine procedures more comfortable and humane.
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