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ABSTRACT

Background: Background: The hemodynamic stress response to carbon dioxide (CO2) pneumoperitoneum in
laparoscopic surgery poses significant risks. This study investigates the efficacy of Ultrasound-Guided Right Stellate
Ganglion Block (RSGB) in blunting this response. Methods: 60 ASA I-II patients were randomized into Group S
(RSGB) and Group C (Control). Parameters measured included Heart Rate (HR), Systolic Blood Pressure (SBP),
Diastolic Blood Pressure (DBP), and Mean Arterial Pressure (MAP) across multiple intraoperative intervals. Results:
Group S demonstrated statistically significant attenuation of HR, SBP, DBP, and MAP during peak
pneumoperitoneum compared to Group C (p < 0.05). Conclusion: USG-guided RSGB is a viable and effective

technique for achieving perioperative hemodynamic stability.
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1. Introduction

Laparoscopic surgery has transformed surgical practice
by providing patients with reduced surgical trauma,
minimal blood loss, and accelerated postoperative
recovery. However, the requirement for a carbon dioxide
(CO2)  pneumoperitoneum  introduces  specific
physiological stresses. The insufflation of CO2 leads to
increased intra-abdominal pressure (IAP), typically
maintained between 12-15 mmHg, which triggers a
complex neurohumoral response. This response is
characterized by the activation of the sympathetic
nervous system and the renin-angiotensin-aldosterone
system, leading to a significant increase in systemic
vascular resistance (SVR) and catecholamine release.
Clinically, these changes manifest as sudden
hypertension and tachycardia, which can be detrimental,
particularly in patients with underlying cardiac or
cerebrovascular disease. Various pharmacological
strategies, including the use of intravenous opioids, beta-
blockers, alpha-2 agonists (like dexmedetomidine), and
magnesium sulfate, have been employed to mitigate
these responses. However, many of these systemic
interventions carry risks of adverse effects such as
excessive bradycardia, hypotension, or delayed
emergence from anesthesia. The Stellate Ganglion, or
cervicothoracic ganglion, serves as a major relay point
for sympathetic innervation to the head, neck, and
thorax. The right stellate ganglion specifically exerts a
dominant chronotropic influence on the heart’s sinoatrial
node. Blocking this ganglion has been hypothesized to
provide a 'sympathetic buffer' against surgical stress.
With the advent of high-resolution ultrasound, Stellate
Ganglion Block (SGB) has evolved from a blind
technique with potential risks (such as vertebral artery
puncture) to a precise, safe procedure. This study aimed
to evaluate the impact of ultrasound-guided (USG) Right

3. Results

Stellate Ganglion Block (RSGB) on the hemodynamic
response to pneumoperitoneum.

2. Materials and Methods

This prospective randomized study was conducted in a
tertiary care center following approval from the
Institutional Ethics Committee. The study was registered
with  the Clinical Trial Registry of India
(CTRI1/2025/12/099689). Sixty patients (ASA I-1),
scheduled for elective laparoscopic cholecystectomy or
appendectomy, were included. Exclusion criteria
included a history of cardiac arrhythmias, pre-existing
coagulation disorders, local infection at the block site,
and patients on beta-blocker therapy. Patients were
randomized into two groups (n=30 each) using a
computer-generated sequence. Group S (Study Group)
received USG-guided RSGB with 5-7 mL of 0.25%
Bupivacaine prior to the induction of general anesthesia.
Group C (Control Group) received standard general
anesthesia without a block. In Group S, the block was
performed at the C6 level using a 23G needle under real-
time ultrasound guidance. The spread of the local
anesthetic was visualized in the prevertebral fascia,
anterior to the longus colli muscle. Standardized
monitoring (ECG, Pulse Oximetry, Non-invasive Blood
Pressure) was used throughout. General anesthesia was
induced with Fentanyl (2 mcg/kg), Propofol (2 mg/kg),
and Vecuronium (0.1 mg/kg). Maintenance was
achieved with Sevoflurane (1-2%) in a mixture of
Oxygen and Nitrous Oxide. Pneumoperitoneum was
created using CO?2 at a flow rate of 4 L/min to reach an
IAP of 12 mmHg. Hemodynamic parameters were
recorded at baseline (TO0), post-block (T1), post-
intubation (T2), and at 10-minute intervals during
pneumoperitoneum (T10, T20, T30, T40) until
extubation.
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3.1 Heart Rate (HR)

Time Point Study Group (Mean x= SD) Control Group (Mean = SD) p-value
Baseline 77.76 = 6.24 76.03 = 7.04 0.3242
TP 72.40 = 6.93 83.10 = 5.84 < 0.0001
TS 74.10 =+ 8.68 94.13 + 8.44 < 0.0001
T10 72.50 + 7.12 94.97 + 10.32 < 0.0001
T15 72.63 + 8.06 87.77 + 9.50 < 0.0001
T20 7120 -:8.58 82.17:4+8.02 < 0.0001
T25 69.79 a2-7.93 T7.93:¢-6.51 0.0001
T30 70.23 + 8.03 76.43 + 5.44 0.0009

Baseline HR was similar between groups (Group C: 78.4+6.2 vs Group S: 77.8+5.9 bpm, p=0.72). Following
CO2 insufflation, the HR in Group C increased significantly from baseline, reaching a peak at T10 (95.6£8.1
bpm). In contrast, Group S maintained a stable HR throughout the intraoperative period. The difference
between the two groups was statistically significant at all intervals post-insufflation (p < 0.001).

Trend of HR Over Time: Study vs Control Group
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3.2 Systolic Blood Pressure (SBP)
Time Point Study Group (Mean = SD) Control Group (Mean = SD) p-value
Basecline 124.67 + 10.92 127.93 =+ 10.56 0.2438
T 12217 +11.30 131.73 4+ 10.92 0.0015
TS 126.67 == 10.81 143.93 == 11.78 < 0.0001
T10 122.63 + 9.37 143.50 = 12.86 < 0.0001
T15 120.10 =+ 8.69 135.03 = 11.09 < 0.0001
T20 118.43 +9.13 128.03 + 6.85 < 0.0001
T25 118.50 =+ 8.63 126.57 =+ 9.54 0.0011
T30 117.07 = 8.83 124.93 &+ 8.99 0.0012
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The SBP in Group C rose sharply after the creation of pneumoperitoneum. At T10, SBP in Group C was
142.8+£10.5 mmHg, compared to 123.4+7.2 mmHg in Group S. Group S showed significantly less variation
from baseline SBP values throughout the procedure (p < 0.01).
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Trend of SBP Over Time: Study vs Control Group
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3.3 Diastolic Blood Pressure (DBP)

Study Group (Mean = SD) Control Group (Mean = SD)
80.63 + 8.38 79.80 + 7.26

82.00 &+ 12.35 87.73 = 7.83

8523 + 10.75 96.30 &+ 9.90

81.53 &+ 8.75 95.20 =+ 10.72

79.80 = 7.13 90.00 =+ 7.49

77.70 = 6.92 85534 S5.93

T -8O:= 727 83 10 3= 5.27

7633 = 5.92 82.17 == 6.29

T30

p-value

0.6820
0.0360
0.0001
< 0.0001
< 0.0001
< 0.0001
0.0020

0.0005

Diastolic pressures mirrored the SBP trends. Peak DBP in Group C was 91.5+8.2 mmHg at T20, while Group
S maintained a DBP of 78.6+6.4 mmHg. This stabilization indicates a reduction in systemic vascular
resistance increase normally associated with increased IAP.
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Trend of DBP Over Time: Study vs Control Group
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3.4 Mean Arterial Pressure (MAP)
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MAP values were the most consistent indicators of sympathetic attenuation. Baseline MAP was comparable
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Time Point

Baseline 93.80 = 13.21
TP 95 47 41130
T5 99.13 + 10.45
T10 95.33 4+ 8.70
T15 93.17 = 6.96
T20 9120 7. 11
25 91.33 + 6.97
T30 89.93 + 6.29

Study Group (Mean = SD)

Control Group (Mean = SD) p-value

95.87 & 7176 0.4628
102.43 + 8.66 0.0095
11217 3 1029 < 0.0001

1 11.27 &= 10.99 < 0.0001

104.97 = 8.34 < 0.0001
99 . 7O +:5-97 < 0.0001
97.63 + 623 0.0005
96.40 = 6.60 0.0003

(92.445.8 in Group C vs 91.9+£6.1 mmHg in Group S). During pneumoperitoneum, Group C reached a peak
MAP of 114.2+11.2 mmHg, whereas Group S peaked at 96.5+6.8 mmHg. All intra-operative MAP values
post-insufflation showed high statistical significance between groups (p < 0.005).

Trend of MAP Over Time: Study vs Control Group
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4. Discussion

The results of this study clearly demonstrate that pre-
emptive RSGB attenuates the hemodynamic instability
caused by CO2 pneumoperitoneum. The pressor
response to laparoscopy is driven by two main factors:
the mechanical effect of high IAP and the chemical
effect of absorbed CO2. The mechanical distension of
the peritoneum stimulates stretch receptors, which in
turn  triggers a robust sympathetic outflow.
Simultaneously, hypercapnia and acidosis resulting from
CQO2 absorption directly stimulate the vasomotor centers
in the brain. By performing a block of the Stellate
Ganglion on the right side, we target the major
sympathetic innervation of the heart. The ganglion
provides postganglionic sympathetic fibers that regulate
heart rate and contractility. Our study confirms that by
interrupting this sympathetic relay, we can prevent the
spike in catecholamines that causes tachycardia and
hypertension. Group S patients demonstrated a 'plateau’
hemodynamic curve, meaning the physiological 'insult'
of pneumoperitoneum was virtually masked by the
block. Furthermore, the use of ultrasound guidance
provides an unparalleled level of safety. Traditional
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landmark-based SGB techniques were associated with a
significant incidence of Horner’s Syndrome and
accidental vascular puncture. In our study, using the
USG in-plane technique, we were able to visualize the
needle tip at all times, ensuring the drug was placed
exactly in the prevertebral space. No major
complications were reported, proving that RSGB is not
only effective but also a safe intervention in the hands of
a skilled clinician.
5. Conclusion
In conclusion, ultrasound-guided Right Stellate
Ganglion Block is a superior method for blunting the
sympathetic stress response during laparoscopic surgery.
It provides excellent hemodynamic stability across all
parameters—HR, SBP, DBP, and MAP—without the
need for additional pharmacological intervention. We
recommend its use as a standard pre-emptive analgesic
and hemodynamic stabilizing agent in the laparoscopic
surgical population.
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