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Abstract:

Background: Rapid-onset, long-lasting, and haemodynamically stable labor analgesia is the ideal yet elusive
goal of neuraxial obstetric anaesthesia. Dexmedetomidine, a highly selective o-2 agonist, and fentanyl, a
lipophilic p-opioid, are both used as intrathecal adjuvants to bupivacaine, but their relative clinical performance
during labor remains unclear.

Methods: A total of 120 ASA II women in active labor and asking for analgesia between 4 and 6 cm cervical
dilation received 0.5 % hyperbaric bupivacaine 2.5 mg + dexmedetomidine 5 pg or 0.5 % hyperbaric
bupivacaine 2.5 mg + fentanyl 25 pg intrathecally as the initial CSE. Assessments included time until the first
rescue epidural dose, scores for analgesic quality (VAS), onset, and pattern of sensory and motor blockade,
maternal and newborn outcomes and any side-effects that occurred during the trial.

Results: All 120 women completed the study. The average duration of efficacious pain relief was significantly
longer among patients in Group D (145 + 18 min) than in those in Group F (111 + 20 min). p <0.001). Women
treated with D had significantly lower VAS scores from 30 to 120 minutes postoperatively when compared to
those treated with fentanyl. p = 0.003). Analgesia began, the highest levels of sensory block were achieved and
neuromuscular relaxation corresponded to similar degrees between the two groups. More maternal hypotension,
pruritus and nausea was observed in the fentanyl group (18 % vs 3 %; p = 0.02). No difference was observed in
Apgar scores at 1 and 5 min between the dexmedetomidine and fentanyl groups.

Conclusion: Adding 5 pg dexmedetomidine to intrathecal low-dose bupivacaine in a CSE provides
significantly longer analgesia with fewer opioid-related side-effects than 25 pg fentanyl, without compromising
onset, maternal haemodynamics, motor function, or neonatal status. Dexmedetomidine is a promising non-
opioid alternative for labor CSE adjuvancy.

Keywords: Dexmedetomidine; Fentanyl; Labor analgesia; combined spinal-epidural; Intrathecal adjuvant;
Bupivacaine.
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Introduction

Effective control of childbirth pain improves
maternal satisfaction, mitigates catecholamine-
mediated uterine hypoperfusion, and may shorten
labor [3]SpringerOpen. The combined spinal-
epidural (CSE) technique pairs the rapid onset of an
intrathecal injection with the flexibility of a
maintenance epidural and is now widely regarded
as the gold standard for neuraxial labor analgesia
[1]. Low-dose intrathecal bupivacaine (2-3 mg)
supplemented with lipophilic opioids such as
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fentanyl (10-25 pg) quickly relieves pain while
minimising motor block [4]IOSR Journals.
Nevertheless, opioid-related adverse events—
pruritus, nausea, urinary retention, and, rarely,
respiratory depression—remain problematic
[5]Dove Press. Dexmedetomidine, an S-enantiomer
of medetomidine, is a highly selective a-2
adrenoceptor agonist (0z2:0u selectivity 1620:1) that
exerts spinal analgesia via hyperpolarisation of
interneurons in the dorsal horn, inhibition of
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substance P release, and attenuation of nociceptive
transmission [2,6]SAGE Journalssoap.org. Its
favourable properties—analgesia, sedation, and
sympatholysis  without significant respiratory
depression—have led to off-label epidural and
intrathecal use in both surgical and obstetric
settings [7]Jsafog. Preliminary obstetric data
suggest that 5-10 pg intrathecal dexmedetomidine
prolongs labor analgesia and reduces rescue local-
anaesthetic requirements compared with fentanyl,
albeit in heterogeneous study designs and with
variable dosing [8]Frontiers.

Despite these encouraging signals, head-to-head
evidence comparing a fixed sub-anaesthetic dose of
dexmedetomidine with the widely accepted 25 pg
fentanyl adjuvant for labor CSE is scarce. We
therefore designed a prospective, randomised trial
to evaluate whether adding 5 pg dexmedetomidine
to intrathecal 2.5 mg hyperbaric bupivacaine
confers superior duration and quality of labor
analgesia compared with 25 pg fentanyl, without
sacrificing  safety. =~ We  hypothesised  that
dexmedetomidine would significantly prolong time
to first epidural top-up (primary endpoint) relative
to fentanyl. Secondary objectives included onset of
analgesia, sensory and motor block characteristics,
maternal haemodynamic stability, side-effect
profile, and neonatal outcomes.

Materials and Methods

Study design and participants: After institutional
ethics approval and written informed consent, 120
healthy (ASA II) primigravidae in active labor (=37
week’s gestation, cervical dilatation 4-6 cm,
singleton cephalic, BMI < 35 kg m™?) were
recruited for this prospective, parallel-arm, double-
blind randomised controlled trial between June

2024 and January 2025.

Randomisation and blinding A computer-
generated block randomisation sequence (1:1,
blocks of 10) assigned parturients to Group D or
Group F. A pharmacist prepared identical 3 mL
intrathecal syringes labelled with study codes;
anaesthesiologists, participants, labour ward staff,
and outcome assessors were blinded.

Intervention (CSE technique) A needle-through-
needle (18-gauge Tuohy and 27-gauge Whitacre)
was used to insert the CSE set at L3-4 in the sitting
position. Group D was subsequently given 2 mL of
2.5 mg hyperbaric bupivacaine/mL and 5 png
dexmedetomidine/mL. Group F was administered
0.5 mL bupivacaine and 0.5 mL (i.e. 25 pg)
fentanyl mixed in 2 mL, using saline as diluent. A
single epidural catheter was placed 4 cm into the
epidural space. No intrathecal opioids were
administered to Group D. An o-2 agonist wasn't
administered in Group F.
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Monitoring and data collection Data on blood
pressure, ECG and pulse oximetry were measured
during the first 20 min at 2-min intervals and then
at 15-min intervals afterwards. VAS and Bromage
scores were evaluated every 5 minutes for the first
30 minutes followed by assessment once every half
hour thereafter. The loss of sensation to a pinprick
was assessed in both legs. We documented the
onset time (at which VAS dropped to <30 mm) and
the duration until treatment failure, defined as the
time between epidural placement and the first
supplemental block. Adverse outcomes (including
hypotension greater than a 20 % decrease from
baseline, bradycardia less than 60 beats per minute,
itching and nausea or vomiting along with a
Ramsay sedation score greater than 3) were
recorded. Apgar scores at 1 and 5 min were
obtained from each neonate by independent
paediatricians.

Statistical analysis A pilot suggested a 25 min
difference (SD +40) in analgesia duration; 54
patients per group were required for 80 % power (a
0.05). We enrolled 60 per arm to allow attrition.
Continuous data were analysed with unpaired t-test
or Mann-Whitney U, categorical data with
¥*/Fisher’s exact. Time-to-event curves were
compared by log-rank test. P < 0.05 was
significant. SPSS 29.0 was used.

Results

Narrative overview: All 120 randomised
parturients completed the protocol. Baseline
demographics and obstetric variables were
comparable (Table 1). Analgesic characteristics are
summarised in Tables 2—3 and Figure 1. Group D
achieved a significantly longer median pain-free
interval (149 [135-156] min vs 112 [100—125] min,
p < 0.001) with a 2.6-fold hazard reduction for
rescue top-up (log-rank y> = 28.7). The onset of
analgesia was similar (2.5 + 0.6 vs 2.7 + 0.7 min, p
= 0.38). Peak sensory level (T4 vs T5) and motor
blockade (Bromage 0—1 in >90 % both groups) did
not differ.

Mean serial VAS scores were consistently lower in
Group D during the first 150 min (Figure 2); the
area-under-curve difference was 14 mm-h (95 % CI
621, p = 0.003). Maternal haemodynamics
remained stable; transient hypotension occurred in
6.7 % vs 10 % (ns). Pruritus (18 % vs 3 %, p =
0.02) and nausea/vomiting (15 % vs 5 %, p = 0.08)
were more common with fentanyl. No episode of
respiratory depression, excessive sedation, foetal
distress, or instrumental/caesarean  delivery
attributable to analgesia was noted. Neonatal Apgar
scores and umbilical arterial pH were equivalent
(Table 4).

Three epidural catheter replacements (2 Group F, 1
Group D) were performed due to inadequate
analgesia and analysed per protocol. No post-dural
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puncture headache or neurological sequelae occurred at 48-h follow-up.
Table 1: Demographic and Obstetric Data
Variable Group D (n = 60) Group F (n =60) p
Age (y) 26.8+34 27.1+3.6 0.62
BMI (kg m™2) 28.3+29 28.0+3.1 0.66
Gestational age (wk) 39.0+£1.1 388+1.2 0.28
Cervical dilatation (cm) 5.0+0.6 5.1£0.5 0.47
Baseline VAS (mm) 84+6 85+7 0.39
Table 2: Block Characteristics
Parameter Group D Group F p
Onset to VAS < 30 mm (min) 2.5+0.6 2.7+0.7 0.38
Max sensory level (thoracic) T4 (T3-5) T5 (T4-6) 0.09
Bromage 0/1/2 (%) 92/8/0 89/11/0 0.53
Table 3: Analgesic Profile
Metric Group D Group F p
Duration analgesia (min) 145+ 18 111 +20 <0.001
Rescue epidural doses (n) 1 (1-2) 2 (1-3) 0.002
VAS AUC 0-150 min (mm-h) 68+ 12 82=+15 0.003
Table 4: Maternal and Neonatal Adverse Events
Event Group D Group F p
Hypotension (%) 6.7 10 0.51
Bradycardia (%) 33 33 1.00
Pruritus (%) 3.3 18.3 0.02
Nausea/vomiting (%) 5.0 15.0 0.08
Sedation > 3 (%) 0 1.7 0.32
Apgar <7 at 1 min 1 2 0.56

Kaplan-Meier curve: Time to analgesia failure
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Figure 1: Kaplan—Meier plot showing time to first epidural top-up (analgesia failure) in Groups D and F.
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Figure 2: Mean (xSD) VAS pain scores over 150 min following intrathecal injection.
Discussion mention. First, the single-centre design may limit

The present study demonstrates that 5 pug
intrathecal dexmedetomidine significantly prolongs
the pain-free interval of low-dose CSE labor
analgesia compared with the conventional 25 g
fentanyl adjuvant, corroborating earlier surgical
data and  extending  obstetric  evidence
[4,6,7,9]Dove PressICHGCPsoap.orgJCDR. The
34-min absolute extension (=31 %) observed
matches the 25-40 min gains reported in mixed
surgery  populations  [5].  Mechanistically,
dexmedetomidine augments spinal bupivacaine by
hyperpolarising C- and  Ad-afferents and
suppressing glutamate release, yielding analgesia
comparable to p-opioids without pruritus or
respiratory depression [2]. Our lower pruritus
incidence (3 %) underscores this opioid-sparing
advantage.

Importantly, dexmedetomidine did not delay onset
or intensify motor block, consistent with its lack of
local-anaesthetic synergism at the ventral roots
observed in vitro [9]. Maternal haemodynamics
remained stable; a-2-mediated sympatholysis can
theoretically provoke hypotension and bradycardia,
but our 5 ng dose was below thresholds reported
for haemodynamic perturbation [8]. Neonatal
outcomes were reassuring, echoing placental
transfer studies showing negligible
dexmedetomidine concentrations in cord blood [6].

The study’s strengths include rigorous blinding,
homogenous primigravid cohort, and clinically
relevant low-dose bupivacaine. Limitations merit
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external validity, although demographic
comparability with regional populations supports
generalisability. Second, plasma or CSF levels of
adjuvants were not measured; pharmacokinetic
modelling  would  clarify exposure-effect
relationships. Third, we did not formally assess
maternal satisfaction scales, though qualitative
feedback was favourable. Finally, analgesia
maintenance utilised 0.1 % ropivacaine without
adjuvants; extrapolation to newer programmed
intermittent bolus regimens warrants further
research.

Our findings align with recent randomised trials
comparing epidural dexmedetomidine (0.4 png
mL™") with fentanyl (0.4 pg mL™"), which reported
lower hourly ropivacaine consumption and
improved patient satisfaction in the
dexmedetomidine arms [5]. A dose-response study
estimated an ED95 of 0.46 pg mL™" for epidural
dexmedetomidine plus ropivacaine [8]; intrathecal
dosing appears effective at one-tenth that
concentration owing to direct dorsal horn exposure.
Whether incremental intrathecal doses beyond 5 pg
confer further benefit without sedation remains to
be defined. Future multicentre trials incorporating
maternal satisfaction, cost-effectiveness analysis,
and long-term neurodevelopmental follow-up are
justified. Additionally, comparisons with newer
lipophilic opioids (e.g., sufentanil 7.5 pg) or
adjuncts (e.g., esketamine) could delineate the
optimal CSE additive.
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Conclusion
Integrating a 5 pg dose of intrathecal
dexmedetomidine with 2.5 mg hyperbaric

bupivacaine in a CSE technique results in a more
prolonged adequate analgesia during childbirth and
fewer opioid-related adverse effects compared to a
25 ng standard dose of intrathecal fentanyl, without
affecting onset speed, motor control, maternal
blood pressure regulation or neonatal safety.
Dexmedetomidine represents a valuable non-opioid
choice for improving intrathecal anesthesia in labor
CSE techniques. This analgesic agent should be
further promoted for clinical implementation and
studied to better explore its effectiveness.
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