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ABSTRACT

Background

Spinal anesthesia is widely used for lower abdominal and lower limb surgeries due to its rapid onset, reliability,
and cost-effectiveness. However, limited duration of postoperative analgesia with local anesthetics such as
bupivacaine necessitates the use of adjuvants. Dexmedetomidine, a highly selective alpha-2 adrenergic agonist,
has emerged as a promising intrathecal adjuvant due to its analgesic, sedative, and sympatholytic properties.
Methods

This hospital-based cross-sectional study was conducted among 80 patients aged 20—50 years undergoing elective
lower abdominal and lower limb surgeries under spinal anesthesia. Patients were divided into two groups: Group
A received 5 meg dexmedetomidine and Group B received 10 mcg dexmedetomidine, both combined with 0.5%
hyperbaric bupivacaine. Onset and duration of sensory and motor blockade, duration of analgesia, hemodynamic
parameters, and complications were assessed.

Results

Group B demonstrated significantly faster onset of sensory block (2.69 + 0.49 vs 3.56 + 0.53 minutes) and motor
block (4.99 + 0.45 vs 5.43 + 0.44 minutes). Duration of sensory block (316 £ 25.21 vs 257 £ 16.91 minutes),
motor block (268.5 +27.60 vs 227.25 + 18.53 minutes), and analgesia (352.25 £ 32.69 vs 289.25 £ 11.48 minutes)
were significantly prolonged in Group B (p < 0.001). Hemodynamic parameters were lower in Group B but
remained clinically stable. Complication rates were comparable between the groups (p > 0.05).

Conclusion

Intrathecal dexmedetomidine significantly enhances the quality of spinal anesthesia in a dose-dependent manner.
The 10 mcg dose provides superior block characteristics and prolonged analgesia without increasing adverse
effects, making it a preferable adjuvant in spinal anesthesia.
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Introduction : simplicity, cost-effectiveness, and reliable sensory and
Spinal anesthesia is one of the most widely utilized motor blockade [1]. Since its first successful use by
regional anesthetic techniques for lower abdominaland  Bier in 1898, spinal anesthesia has evolved
lower limb surgeries because of its rapid onset, significantly with advances in pharmacology and
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technique, making it an integral component of modern
anesthetic practice [2]. The historical development and
refinement of this technique have contributed to its
current status as a safe and effective anesthetic
modality [3]. It is now routinely employed across a
wide range of surgical procedures due to its favorable
safety profile and reduced need for airway
manipulation [4]. Additionally, it has demonstrated
particular utility in obstetric and infraumbilical
surgeries, where rapid onset and predictable block
characteristics are essential [5].

The global burden of surgical procedures continues to
increase, with a substantial rise in both elective and
emergency surgeries. In this context, spinal anesthesia
has emerged as a key strategy for improving
perioperative outcomes. It has been associated with
reduced perioperative morbidity and mortality
compared to general anesthesia, particularly in high-
risk patients, by minimizing complications such as
respiratory depression and thromboembolic events [6].
These benefits are especially important in resource-
limited settings, where cost-effective and safe
anesthetic techniques are
increasing surgical demands.
Despite these advantages, postoperative pain remains a
significant clinical challenge. A large proportion of
patients experience moderate to severe pain following
surgery, which can delay mobilization, prolong
hospital stay, and negatively affect recovery [8].
Effective postoperative analgesia is therefore a critical
component of perioperative care. The ideal anesthetic
technique should not only provide adequate
intraoperative anesthesia but also extend analgesia into
the postoperative period without causing significant
adverse effects.

Bupivacaine, an amide-type local anesthetic, is the
most commonly used drug for spinal anesthesia due to
its long duration of action and favorable sensory
blockade characteristics [7]. Its pharmacological
profile allows for effective intraoperative anesthesia;
however, when used alone, it has certain limitations,
including a relatively shorter duration of postoperative

required to manage

analgesia and potential dose-dependent adverse effects
such as hypotension and cardiotoxicity [9]. Efforts to
enhance its efficacy have led to the exploration of
various adjuvants aimed at prolonging analgesia while
minimizing side effects [10].

Among these, alpha-2 adrenergic agonists have gained
considerable attention due to their analgesic, sedative,
and sympatholytic properties [12]. Dexmedetomidine,
a highly selective alpha-2 receptor agonist, has
emerged as a promising intrathecal adjuvant. It acts at

the spinal level by inhibiting nociceptive transmission
and enhancing neuronal hyperpolarization, thereby
prolonging both sensory and motor blockade [13]. In
addition to improving analgesia, dexmedetomidine
provides sedation without significant respiratory
depression, making it particularly suitable for use in
regional anesthesia.

Recent trends in anesthetic practice emphasize
multimodal analgesia and opioid-sparing strategies to
reduce adverse effects associated with opioid use, such
vomiting, pruritus, and respiratory
depression [8]. Dexmedetomidine aligns with these

as nausea,

evolving practices by enhancing analgesic efficacy
without the typical opioid-related complications. Its
ability to provide hemodynamic stability and
prolonged analgesia further supports its role as an
effective intrathecal adjuvant.

However, despite increasing clinical use, there remains
a lack of consensus regarding the optimal dose of
intrathecal dexmedetomidine that provides maximum
benefit with minimal side effects. Different studies
have used varying doses, resulting in variability in
outcomes related to onset time, duration of blockade,
analgesic efficacy, and hemodynamic changes. This
highlights an important gap in the existing literature
and underscores the need for comparative evaluation of
different dosing strategies.

In view of the increasing demand for effective and safe
spinal anesthesia techniques, and the need to optimize
postoperative analgesia while minimizing
complications, the present study was undertaken. It
aims to evaluate and compare the efficacy of two
different doses of intrathecal dexmedetomidine in
combination with hyperbaric bupivacaine in patients
undergoing lower abdominal and lower limb surgeries.
By assessing parameters such as onset and duration of
sensory and motor blockade, duration of analgesia, and
incidence of complications, this study seeks to
contribute to evidence-based optimization of
intrathecal anesthetic practice.

Methodology

This  hospital-based study was
conducted in the Department of Anesthesiology at a
tertiary care teaching hospital after obtaining approval
from the Institutional Ethics Committee and written
informed consent from all participants. The study
population included adult patients of either sex, aged
between 20 and 50 years, belonging to American
Society of Anesthesiologists (ASA) physical status I
and II, who were scheduled to undergo elective lower
abdominal and lower limb surgeries under spinal
anesthesia.

cross-sectional
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A total of 80 patients who fulfilled the inclusion criteria
were enrolled and allocated into two groups of 40 each.
Group A received 2.4 ml of 0.5% hyperbaric
bupivacaine  combined with 5 mecg of
dexmedetomidine, while Group B received 2.4 ml of
0.5% hyperbaric bupivacaine combined with 10 mcg of
dexmedetomidine  intrathecally.  Patients  with
contraindications to spinal anesthesia such as
coagulopathy, infection at the injection site, known
allergy to study drugs, significant cardiovascular or
neurological disorders, or those who refused consent
were excluded from the study.

All patients underwent a thorough preoperative
evaluation, including clinical examination and relevant
laboratory investigations. Standard fasting guidelines
were followed. On arrival in the operating room,
baseline vital parameters including heart rate, systolic
and diastolic blood pressure, and oxygen saturation
were recorded. Intravenous access was secured, and all
patients were preloaded with appropriate intravenous
fluids prior to the procedure.

Under strict aseptic precautions, spinal anesthesia was
administered in the sitting or lateral decubitus position
at the L3—L4 interspace using a standard spinal needle.
After confirming free flow of cerebrospinal fluid, the
study drug was injected intrathecally. Following
administration, patients were positioned supine, and
oxygen supplementation was provided if required.

The onset of sensory block was assessed using pinprick
method, and the onset of motor block was evaluated
using the Bromage scale. Hemodynamic parameters,
including heart rate and blood pressure, were recorded
at baseline, immediately after the block, and at regular
intervals intraoperatively. The duration of sensory
block was defined as the time from injection to
regression to the S1 dermatome, while the duration of
motor block was defined as the time taken to achieve
complete recovery to Bromage score 0. The duration of
analgesia was measured as the time from intrathecal
injection to the first request for rescue analgesia.

Any intraoperative or postoperative complications
such as hypotension, bradycardia, nausea, vomiting, or
other adverse events were recorded and managed
appropriately. Data collected were entered and
analyzed wusing appropriate statistical methods.
Continuous variables were expressed as mean +
standard deviation, while categorical variables were
expressed as frequency and percentage. Statistical
significance between the two groups was assessed
using appropriate tests, and a p-value of less than 0.05
was considered statistically significant.

Results :
TABLE 1: Baseline Demographic and Clinical
Characteristics

Vari | Cate | Gro | % | Gr | %| P Signifi
able | gory | up ou val | cance
A pB ue
(n= (n=
40) 40)
Age | 20- |9 2 |10 |2
(yea | 30 2. 5
rs) 5
30— | 13 3 |16 |4
40 2. 0
5
40- | 18 4 |14 |3
50 5 5
Mea | 37.6 | — | 36. | —| 0.5 | NS
n |+ 55 93
SD 6.20 + 7
5 5.8
09
Gen | Male | 19 4 |8 2
der 5. 0
5
Fem |21 5 |18 [4]04 | NS
ale 3. 5125
5 7
BM | Mea |22.7|—|22. | — 0.8 | NS
I n =+ | 843 79 82
(kg/ | SD + + 7
m?) 1.58 1.5
79 822

Both groups were comparable with respect to age
distribution, gender, and BMI (p > 0.05), indicating that
the baseline characteristics were homogeneous and
unlikely to confound the study outcomes.

TABLE 2: Heart Rate Changes Over Time

Time | Gro | SD | Gro | SD | P Signific
Inter | up up val | ance
val A B ue

Me Me

an an
Basel | 81.1 | 5.8 | 77.5 | 5.9 | 0.01 | Signific
ine 9 47 |7 4 49 ant
After | 80.3 | 7.6 | 76.6 | 6.6 | 0.01 | Signific
block | 5 09 |2 58 | 86 ant
15 799 | 74 | 78.8 | 6.6 | 0.04 | Signific
minu 44 |5 43 |77 ant
tes
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30 77.6 |73 | 757 |59 | 056 | NS (Mea | (Mea
minu 05 |5 99 | 00 n *|n =+
tes SD) SD)
Heart rate was significantly lower in Group B at Sensory 3.562 | 2.69 | <0.000 | Significant
baseline, immediately after block, and at 15 minutes (p Block 5 £+ 1
< 0.05), suggesting a greater sympatholytic effect of Onset 0.532 | 0.49
the higher dose of dexmedetomidine. However, the (min) 3
difference was not significant at 30 minutes. Motor 543 4.995 | 0.0005 | Significant
TABLE 3: Blood Pressure Changes Over Time Block + +
A. Systolic Blood Pressure (SBP) Onset 0.448 | 0.453
Tim | Gro |SD | Gro | SD | P Signific (min) 7 4
e up up val | ance Sensory 257 £ | 316 + | <0.000 | Significant
Inter | A B ue Block 1691 | 2521 |1
val Me Me Duration | 7 3
an an (min)
Base | 129. | 14. | 122. | 13. | 0.0 | Signific Motor 227.2 | 268.5 | <0.000 | Significant
line 7 113 |1 619 | 172 | ant Block 5 £+ 1
After | 128. | 11.1 | 123. | 11.7 | 0.0 | Signific Duration | 18.53 | 27.60
bloc | 97 80 | 05 34 | 212 | ant (min) 7 6
k Group B demonstrated a significantly faster onset and
15 128. [ 9.5 | 122. | 10. | 0.0 | Signific prolonged duration of both sensory and motor blockade
minu | 82 84 65 310 | 175 | ant (p <0.001), reflecting improved efficacy of the higher
tes dose of intrathecal dexmedetomidine.
30 125. 9.2 |123.|19.8 | 0.0 | Signific TABLE 5: Duration of Analgesia and
minu | 85 06 7 11 175 | ant Complications
tes A. Duration of Analgesia
B. Diastolic Blood Pressure (DBP) Paramet | Grou | Grou | P Significan
Time | Gro | SD | Gro | SD | P Signific er p A|p B |value |ce
Inter | up up val | ance (Mea | (Mea
val A B ue n *|n =%
Me Me SD) SD)
an an Duration | 289.25 | 352.2 | <0.000 | Significant
Basel | 80.5 | 4.7 | 78.5 | 5.4 | 0.04 | Signific of + 5 =|1
ine 25 76 | 25 81 | 76 ant Analgesi | 11.480 | 32.69
After | 80.2 | 5.0 | 77.4 | 6.3 | 0.03 | Signific a (min) 1 8
block 66 |6 08 | 03 ant
15 789 | 53 | 75.6 | 7.3 | 0.01 | Signific B. Complications
minu 82 |2 62 |27 ant Outco | Gro | % | Gro | % | P Signific
tes me up up valu | ance
30 833 | 6.5 | 788 | 7.4 | 0.00 | Signific A B e
minu | 0 58 |2 52 |25 ant (n= (n=
tes 40) 40)
Both systolic and diastolic blood pressures were | Yes 15 |37 |17 |42 ] 0.65 | Non
significantly lower in Group B across all time intervals 5 5 |30 | significa
(p < 0.05), indicating enhanced hemodynamic nt
modulation with the higher dose of dexmedetomidine. No 25 62 | 23 57T | — | —
5 5

TABLE 4: Block Characteristics (Onset and

Duration)
Paramet | Grou | Grou | P Significan
er p A|p B/|value | ce

The duration of analgesia was significantly longer in
Group B (p < 0.0001), indicating superior
postoperative pain relief. There was no statistically
significant difference in complication rates between the
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groups (p > 0.05), suggesting that the higher dose is
safe without increasing adverse effects.

Discussion :

The present study was undertaken to compare the
efficacy of two doses of intrathecal dexmedetomidine
(5 mecg and 10 mcg) combined with 0.5% hyperbaric
bupivacaine in lower abdominal and lower limb
surgeries. The results clearly demonstrated that the
higher dose (10 mcg) was associated with faster onset
of block, prolonged duration of sensory and motor
blockade, significantly extended postoperative
analgesia, and acceptable hemodynamic stability
without an increase in complications.

The baseline demographic parameters in the present
study were comparable between the two groups, with
mean age being 37.6 + 6.205 years in Group A and
36.55 £ 5.809 years in Group B (p = 0.5937). Gender
distribution and BMI (22.78 + 1.58 vs 22.79 + 1.58
kg/m?;, p = 0.8827) were also similar, ensuring
uniformity between groups. Alam et al. reported
comparable baseline characteristics with no
statistically significant difference between study
groups, thereby confirming that demographic variables
do not influence the outcomes of intrathecal
dexmedetomidine studies [16]. Similarly, Minagar et
al. demonstrated comparable demographic distribution
across groups, strengthening the internal validity of
such comparative trials [17].

In the present study, the onset of sensory block was
significantly faster in Group B (2.69 + 0.49 minutes)
compared to Group A (3.5625 + 0.5323 minutes), with
a highly significant p-value (<0.0001). The onset of
motor block also followed a similar trend, with Group
B showing faster onset (4.995 + 0.4534 minutes)
compared to Group A (5.43 £+ 0.4487 minutes), with p
= 0.0005. Alam et al. observed that the addition of
dexmedetomidine resulted in early onset of sensory
block, typically around 2.5-3 minutes, and motor block
around 4-5 minutes, which closely parallels our
findings [16]. Minagar et al. also reported a significant
reduction in onset time with dexmedetomidine,
although exact values ranged slightly higher, likely due
to variations in dose and patient population [17]. The
faster onset in our higher-dose group suggests
enhanced diffusion and receptor interaction at the
spinal level.

The duration of sensory block in the present study was
markedly prolonged in Group B (316 + 25.213
minutes) compared to Group A (257 £+ 16.917 minutes),
with p < 0.0001. Similarly, motor block duration was
significantly longer in Group B (268.5 + 27.606
minutes) compared to Group A (227.25 + 18.537

minutes), with p <0.0001. Gupta et al. reported sensory
block duration extending up to approximately 300
minutes with dexmedetomidine, which is comparable
to the 316 minutes observed in our study [20]. Mowar
et al. demonstrated that increasing the dose of
intrathecal dexmedetomidine significantly prolonged
both sensory and motor blockade, with higher doses
producing durations exceeding 300 minutes for sensory
block, closely aligning with our findings [21]. This
dose-dependent prolongation can be attributed to
inhibition of substance P release and sustained
hyperpolarization of dorsal horn neurons.

The duration of analgesia was significantly longer in
Group B (352.25 + 32.698 minutes) compared to
Group A (289.25 + 11.4801 minutes), with p < 0.0001.
Alam et al. reported prolonged analgesia duration in the
dexmedetomidine group, often exceeding 300 minutes,
which is consistent with our results [16]. Malla et al.
observed that dexmedetomidine provided analgesia
lasting approximately 320-360 minutes compared to
shorter durations with fentanyl, which closely
corresponds with the 352 minutes observed in our
study [18]. Varghese et al. reported postoperative
analgesia lasting approximately 7 hours (~420
minutes) with dexmedetomidine, further supporting its
superior analgesic efficacy [19]. The increased
duration of analgesia observed in our study reinforces
the opioid-sparing advantage of dexmedetomidine.
Hemodynamic parameters in the present study showed
that heart rate was significantly lower in Group B at
baseline (77.57 + 5.94 bpm vs 81.19 + 5.847 bpm; p =
0.0149), after block (76.62 = 6.658 bpm vs 80.35 +
7.609 bpm; p = 0.0186), and at 15 minutes (78.85 +
6.643 bpm vs 79.9 + 7.444 bpm; p = 0.0477), while at
30 minutes the difference was not significant (p =
0.5600). Similarly, systolic blood pressure was
significantly lower in Group B at baseline (122.1 +
13.619 mmHg vs 129.7 + 14.113 mmHg; p = 0.0172)
and remained lower throughout the observation period.
Diastolic blood pressure also followed a similar
pattern, with Group B showing lower values at all time
intervals, including 30 minutes (78.82 + 7.452 mmHg
vs 83.30+ 6.558 mmHg; p = 0.0025). Al-Ghanem et al.
reported significantly lower heart rate and blood
pressure in dexmedetomidine groups compared to
fentanyl, consistent with our findings [24]. Basuni et
al. observed mild reductions in blood pressure with
dexmedetomidine without clinical instability [25].
Konakeci et al. further confirmed that dexmedetomidine
produces controlled hemodynamic depression without
adverse outcomes [26]. Thus, while dexmedetomidine
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exerts a sympatholytic effect, it maintains overall
cardiovascular stability.

The incidence of complications in the present study
was 37.5% in Group A and 42.5% in Group B, with no
statistically significant difference (p = 0.6530). Halder
et al. reported no significant difference in complication
rates between different doses of dexmedetomidine,
supporting the safety of higher doses [27]. Shashikala
et al. also observed comparable complication rates
between dexmedetomidine and fentanyl groups [28]. A
meta-analysis by Sun et al. demonstrated that
dexmedetomidine does not significantly increase
adverse events compared to other adjuvants [29].
Similarly, Zhang et al. reported no significant
difference in safety outcomes between
dexmedetomidine and clonidine [30]. These findings
confirm that the use of 10 mcg dexmedetomidine is
safe and does not increase perioperative complications.
Overall, the present study clearly demonstrates a dose-
dependent improvement in anesthetic characteristics
with intrathecal dexmedetomidine. The higher dose (10
mcg) significantly improved onset time, prolonged
sensory and motor blockade, extended
postoperative analgesia while maintaining
hemodynamic stability and safety. These findings are
in strong agreement with previous studies and meta-
analyses, thereby reinforcing the role of
dexmedetomidine as an effective intrathecal adjuvant.

Thus, the present study adds to the existing body of
evidence and supports the use of 10 mcg intrathecal
dexmedetomidine as an optimal dose for enhancing the
efficacy of spinal anesthesia in lower abdominal and

and

lower limb surgeries.

Conclusion :

This study has certain limitations that should be
considered while interpreting the findings. First, the
sample size was relatively small (n=80), which may
limit the generalizability of the results to a broader
population. Second, the study was conducted in a
single tertiary care center, and institutional practices
may influence outcomes. Third, the study design was
cross-sectional without long-term follow-up, thereby
limiting assessment of delayed complications or
prolonged neurological effects. Additionally, only two
doses of dexmedetomidine (5 mcg and 10 mcg) were
evaluated, and intermediate or higher doses were not
studied, which could provide further insights into dose-
response relationships.  Variability in surgical
procedures and individual pain perception may also
have influenced analgesic outcomes.

Despite these limitations, the present study
demonstrates that intrathecal dexmedetomidine is an

effective adjuvant to hyperbaric bupivacaine. The
higher dose of 10 mcg provided significantly faster
onset of sensory and motor blockade, prolonged
duration of anesthesia, and extended postoperative
analgesia compared to 5 mcg, without a significant
increase in complications. Hemodynamic changes
observed were clinically manageable and did not result
in adverse outcomes. These findings support the use of
10 mcg dexmedetomidine as an optimal dose for
enhancing the efficacy of spinal anesthesia in lower
abdominal and lower limb Further
multicentric studies with larger sample sizes and long-

surgeries.

term follow-up are recommended to validate these
findings and establish standardized dosing guidelines.
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