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Abstract 
Background: Dexmedetomidine (Dex), a highly selective adrenergic agonist, enhances neuraxial anesthesia 
when added intrathecally, but the dose–response relationship in parturients receiving ropivacaine remains 
unclear. 
Methods: In this prospective, double-blind trial, 120 ASA II parturients scheduled for elective cesarean section 
were randomized to receive 0, 2.5, 5 or 10 µg intrathecal Dex (Groups C, D2.5, D5, D10 respectively) with 12.5 
mg 0.75 % hyperbaric ropivacaine. The research team studied two main results including the stability of blood 
pressure during surgery and how long pain medication helped after the operation. We studied surgically relevant 
aspects of nervousness and pain response plus anesthesia effects and negative reactions. 
Results: Demographic variables were comparable. MAP decreased significantly from baseline in all groups but 
was better preserved as Dex dose increased (p < 0.001). Time to two-segment sensory regression lengthened 
dose-dependently (C 49 ± 6 min vs D10 78 ± 9 min; p < 0.001). Median duration of effective analgesia extended 
from 150 min (C) to 310 min (D10). Incidence of hypotension fell from 33 % (C) to 7 % (D10), without 
excessive bradycardia or sedation score > 3. 
Conclusion: Adding 5–10 µg Dex to intrathecal ropivacaine improves hemodynamic stability and markedly 
prolongs block and analgesia without clinically relevant side-effects. 
Keywords: Dexmedetomidine, ropivacaine, spinal anesthesia, cesarean section, hemodynamics, randomized 
trial. 
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Introduction 

Regional anesthesia is the technique of choice for 
cesarean delivery because it avoids airway 
manipulation, allows the mother to be awake for 
the birth and limits fetal drug exposure. However, 
pure local-anesthetic spinal blocks are often limited 
by hypotension, visceral discomfort and a relatively 
short duration of postoperative analgesia [2]. A 
plethora of intrathecal adjuvants—including 
opioids, magnesium, neostigmine and clonidine—
have been investigated, yet each possesses 
drawbacks such as pruritus, respiratory depression 
or neurotoxicity. Dexmedetomidine (Dex), an 
imidazoline derivative, is eight-fold more selective 

for the receptor than clonidine, conferring 
pronounced sympatholytic and antinociceptive 
properties with minimal respiratory depression [3]. 
When administered intrathecally, Dex intensifies 
sensory and motor block, mitigates shivering and 
prolongs postoperative analgesia across various 
surgeries. Despite encouraging meta-analyses, 
optimal dosing for obstetric patients remains 
contentious. Parturients exhibit heightened 
sensitivity to local anesthetics and maintain unique 
cardiovascular physiology; excessive activation 
could provoke uteroplacental hypoperfusion or 
sedation-related hypoxia [4]. Ropivacaine, a pure 
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S-enantiomer amino-amide, offers favorable 
cardiotoxic and motor-sparing profiles compared 
with bupivacaine. It has therefore gained popularity 
in obstetric neuraxial anesthesia [5]. Recent up-
down sequence studies suggest that Dex reduces 
the median effective dose of ropivacaine, yet did 
not examine block quality or maternal 
hemodynamics [1]. Moreover, available trials 
employ disparate Dex doses (1–10 µg) and baricity 
settings, precluding a clear dose–response 
recommendation. The present randomized, double-
blind clinical trial compared three escalating 
intrathecal Dex doses versus placebo, each 
combined with a fixed ropivacaine spinal anesthetic 
for cesarean section. We hypothesized that 5–10 µg 
Dex would (i) yield superior hemodynamic 
stability, (ii) expedite block onset, and (iii) 
lengthen sensory regression and postoperative 
analgesia compared with 0–2.5 µg, without 
producing excessive adverse events. Establishing 
an evidence-based intrathecal Dex dose range could 
refine obstetric spinal anesthesia practice and 
potentially reduce reliance on systemic 
vasopressors or postoperative opioids [6] 

Materials and Methods  

Study design and ethics:  The study received 
approval from the institutional ethics committee of 
NMCH, Patna before its commencement. 
Participating subjects granted written approval to 
participate in the study. 

Participants:  The study recruited ASA physical-
status II women aged 18–40 years old with one 
child who were at least 37 weeks pregnant between 
January 2023 to January 2024 and scheduled for 
spinal anesthesia elective lower-segment cesarean 
section. Exclusion criteria: pregnancy-induced 
hypertension, diabetes, coagulopathy, 
contraindications to neuraxial block, brady-
arrhythmia, chronic opioid or agonist use, or fetal 
compromise. 

Randomization and blinding: A statistician-
generated computer sequence allocated 30 women 
per group (C, D2.5, D5, D10) using sealed opaque 
envelopes. The pharmacy prepared 1 ml 
preservative-free Dex or saline so that identical 3 
ml syringes contained 12.5 mg 0.75 % hyperbaric 
ropivacaine plus 0, 2.5, 5 or 10 µg Dex. 
Anesthesiologists, surgeons, parturients and 
assessors were blinded. 

Interventions: After standard monitors and 
coloading (10 ml kg Ringer’s lactate), spinal 

anesthesia was performed in sitting position at with 
a 25-G Quincke needle. Immediately upon 
intrathecal injection, patients were positioned 
supine with 15° left uterine displacement. 
Hypotension (MAP < 80 % baseline) was treated 
with 50 µg phenylephrine boluses; bradycardia (HR 
< 50 bpm) with 0.6 mg atropine. 

Outcomes 

Primary: MAP area under the curve (AUC) 0–30 
min; duration of postoperative analgesia (time to 
first rescue analgesic ≥ VAS 4). 

Secondary: onset of sensory and motor (Bromage 
3) block; maximum dermatome level; two-segment 
sensory regression time; sedation score (Ramsay); 
Apgar scores; maternal/neonatal adverse effects. 

Sample-size calculation Pilot data showed mean 
MAP-AUC 2400 ± 350 mm Hg·min in controls. 
Detecting a 10 % reduction with α = 0.05 and 90 % 
power required 26 patients per group; 30 were 
enrolled to account for attrition. 

Statistical analysis SPSS 29.0 employed ANOVA 
with Bonferroni post-hoc tests for continuous 
variables and χ or Fisher’s exact test for categorical 
data. Normally distributed data are mean ± SD; p < 
0.05 considered significant. 

Results  

All 120 randomized women completed the study 
(Fig. CONSORT diagram not shown). Table 1 
confirms no inter-group demographic differences. 
Spinal puncture and surgical durations were 
comparable. Dex produced a clear dose-dependent 
attenuation of MAP decline (Figure 1). MAP-AUC 
decreased by 10 %, 18 % and 24 % in Groups 
D2.5, D5 and D10 vs controls (p < 0.001). 
Phenylephrine requirement mirrored this trend 
(Table 3).  

Block characteristics improved with ascending Dex 
dose (Table 2). Sensory onset reached fastest in 
D10 (2.4 ± 0.5 min) versus C (3.2 ± 0.8 min; p = 
0.02). Two-segment regression and motor block 
duration extended significantly (p < 0.001). 
Effective postoperative analgesia soared from 150 
min in C to 310 min in D10 (Figure 2). Adverse 
events were mild (Table 4). Hypotension occurred 
in 33 % of controls vs 7 % in D10 (p = 0.01). 
Bradycardia was rare (≤ 5 %). No patient exhibited 
respiratory depression or excessive sedation. 
Neonatal 1- and 5-min Apgar scores exceeded 8 in 
all groups. 

Table 1: Maternal Baseline Characteristics 
Variable Control (n = 30) Dex 2.5 µg Dex 5 µg Dex 10 µg 
Age (yr) 28 ± 4 27 ± 5 28 ± 4 29 ± 4 
Weight (kg) 72 ± 8 73 ± 9 74 ± 7 73 ± 8 
Height (cm) 162 ± 6 161 ± 5 163 ± 6 162 ± 6 
Gestational age (weeks) 38.5 ± 0.9 38.4 ± 1.0 38.6 ± 0.8 38.7 ± 0.7 
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Table 2: Block Characteristics 
Parameter Control Dex 2.5 µg Dex 5 µg Dex 10 µg 
Sensory onset to T10 (min) 3.2 ± 0.8 2.9 ± 0.7 2.5 ± 0.6 2.4 ± 0.5* 
Motor onset (Bromage 3, min) 4.2 ± 0.9 4.0 ± 0.8 3.6 ± 0.7 3.4 ± 0.6* 
Two-segment regression (min) 49 ± 6 58 ± 7* 72 ± 8* 78 ± 9* 
Duration of analgesia (min) 150 ± 25 205 ± 28* 275 ± 30* 310 ± 32* 
 

Table 3: Intra-Operative Hemodynamics 
Variable Control Dex 2.5 µg Dex 5 µg Dex 10 µg 
MAP-AUC 0–30 min (mm Hg·min) 2400 ± 330 2160 ± 290* 1970 ± 270* 1820 ± 260* 
Phenylephrine (µg) 140 ± 60 95 ± 45* 60 ± 35* 40 ± 25* 
 

Table 4: Adverse Events 
Event Control Dex 2.5 µg Dex 5 µg Dex 10 µg 
Hypotension 10 (33 %) 6 (20 %) 4 (13 %) 2 (7 %)* 
Bradycardia 1 (3 %) 1 (3 %) 1 (3 %) 2 (7 %) 
Shivering 6 (20 %) 4 (13 %) 2 (7 %) 1 (3 %) 
Nausea/vomiting 5 (17 %) 4 (13 %) 3 (10 %) 3 (10 %) 
 

 
Figure 1: Shows the intraoperative Mean Arterial Pressure (MAP) trends across the study groups. There 

is a clear dose-dependent attenuation of MAP decline with increasing doses of Dexmedetomidine (Dex) 
 

 
Figure 2: Displays the duration of effective postoperative analgesia among the groups. There's a 

noticeable increase in analgesia duration correlating with higher doses of Dex 
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Discussion  

This research demonstrates a clear dose-responsive 
benefit of intrathecal Dex 2.5–10 µg combined with 
fixed-dose hyperbaric ropivacaine for cesarean 
delivery. Higher Dex doses yielded superior 
hemodynamic stability, faster onset and 
significantly prolonged sensory and motor block 
compared with ropivacaine alone, corroborating 
and extending earlier findings in non-obstetric 
surgery [1,3]. Notably, 10 µg Dex reduced 
phenylephrine usage by > 70 % without maternal 
oversedation or neonatal compromise. Spinal-
induced sympathetic blockade typically triggers 
hypotension in 60–70 % of parturients. Dex 
mitigates this via presynaptic inhibition of 
norepinephrine release and central sympatholysis, 
resulting in modest vasoconstriction and 
bradycardia that counterbalance ropivacaine-
induced vasodilation [2]. Our MAP-AUC results 
align with Heliyon’s epidural Dex report [6] and 
exceed the 5 µg threshold proposed by Li et al. [7] 
for clinically relevant protection. Importantly, no 
patient required rescue ephedrine, and bradycardia 
incidence remained low, supporting cardiovascular 
safety within the studied range. 

Dex enhances subarachnoid block by 
hyperpolarizing interneurons in the dorsal horn and 
potentiating C-fiber inhibition [8]. The two-
segment regression prolongation in Group D10 (≈ 
60 %) mirrors Modir et al.’s 0.75 % ropivacaine 
series [9] and surpasses clonidine’s effect reported 
elsewhere. Rapid block onset may reflect facilitated 
ropivacaine penetration secondary to Dex-induced 
vasoconstriction, reducing drug vascular 
absorption. Prolongation of postoperative analgesia 
to > 5 h with 5–10 µg Dex holds significant clinical 
value, delaying opioid requisition and improving 
early maternal-infant bonding. Figure 2’s step-wise 
extension suggests a ceiling effect may lie beyond 
10 µg; higher doses warrant caution given concerns 
about neurotoxicity in animals. No neurologic 
deficits occurred. Neonatal Apgar scores remained 
excellent, consistent with the drug’s negligible 
placental transfer and short maternal plasma half-
life. Sedation scores peaked at Ramsay 3, 
compatible with calm wakefulness and aligned with 
Frontiers 2022 data [10]. Although two cases of 
mild bradycardia occurred in D10, both resolved 
spontaneously. Our findings complement Mo et 
al.’s ED study, adding robust clinical endpoints 
rather than dose-finding proxies [11]. The present 
factorial design clarifies that 5 µg offers a practical 
compromise between efficacy and side-effects, 
whereas 2.5 µg affords partial benefit and 10 µg 
optimizes all outcomes albeit with slightly more 
bradycardia. Meta-analysis of 26 RCTs cited by 
Zhang et al. [12] similarly reported dose-dependent 
prolongation but under-represented obstetrics. 
Single-center setting and moderate sample size may 

limit generalizability. Our fixed ropivacaine dose 
precludes interaction analysis; future work could 
employ isobaric solutions or varied ropivacaine 
doses. The synthetic nature of MAP-AUC as a 
composite may obscure transient extremes of 
hypotension. Finally, long-term neuro-
developmental follow-up was beyond scope. We 
advocate 5–10 µg Dex as an effective adjuvant to 
12.5 mg hyperbaric ropivacaine for elective 
cesarean section. Institutions seeking maximal 
block duration with minimal vasopressor usage 
may favor 10 µg, whereas centers prioritizing 
absolute cardiac stability could elect 5 µg. 

Conclusion  

Intrathecal dexmedetomidine added to ropivacaine 
spinal anesthesia improves cesarean section 
anesthesia quality in a clear dose-dependent 
manner. A 5 µg dose balances hemodynamic 
stability and block prolongation, while 10 µg 
maximizes benefits without clinically significant 
adverse effects. Routine incorporation of 
intrathecal Dex could reduce vasopressor 
consumption and enhance postoperative comfort in 
parturients. 
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