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Abstract

Background: The ideal intrathecal adjuvant in elderly patients should prolong postoperative analgesia while maintaining
hemodynamic stability and facilitating smooth recovery. This study compared three doses of intrathecal dexmedetomidine
combined with low-dose hyperbaric levobupivacaine in geriatric patients undergoing elective urological surgery. Methods: In
this prospective, randomized, double-blind study, 66 ASA I-11 patients aged 60-82 years were allocated into three groups (n=22
each). All patients received 2.2 ml of 0.5% hyperbaric levobupivacaine with dexmedetomidine 5 g (Group A), 7.5 g (Group
B), or 10 g (Group C). The primary outcome was duration of postoperative analgesia. Secondary outcomes included onset and
duration of sensory and motor blockade, Visual Analogue Scale (VAS) scores, rescue analgesic consumption, sedation scores,
hemodynamic parameters, and adverse events. Preoperative geriatric assessment included Activities of Daily Living, Mini-
Mental State Examination, and Clinical Frailty Scale. Results: Baseline demographic and geriatric assessment parameters were
comparable among groups. Group C demonstrated significantly faster sensory block onset (1.0830.42 min) and longer
postoperative analgesia (181.3749.79 min) than Groups A and B (p < 0.001). Postoperative VAS scores and rescue analgesic
requirements were significantly lower in Group C. Sedation scores were slightly higher in the early postoperative period in Group
C; however, hemodynamic and respiratory parameters remained stable, with no significant increase in adverse effects.
Conclusion: Intrathecal dexmedetomidine improved spinal anaesthesia quality in a dose-dependent manner. A 10 g dose
provided superior postoperative analgesia with reduced analgesic requirement and acceptable safety in elderly patients
undergoing urological surgery.
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1. Introduction

The International Association for the Study of Pain (IASP)
defines pain as an unpleasant sensory and emotional experi-
ence associated with actual or potential tissue damage [1]. In
the perioperative period, pain is a complex biopsychosocial
phenomenon; in geriatric patients, inadequate analgesia is par-
ticularly deleterious. It exacerbates the neuroendocrine stress
response and increases myocardial oxygen demand, which
coupled with age-related reductions in physiological reserve
leads to delayed mobilization, prolonged hospitalization, and
increased mortality [2].

Spinal anaesthesia is the gold standard for infraumbilical
urologic procedures, yet the geriatric population presents
unique challenges. Outcomes are increasingly dictated by
frailty status and baseline cognitive function rather than
chronological age alone [3]. Tools such as the Clinical Frailty
Scale (CFS) and Mini-Mental State Examination (MMSE) are
vital, as frail elderly patients are highly susceptible to hemo-
dynamic instability and postoperative delirium (POD). While
conventional intrathecal doses ensure dense blockade, they of-
ten trigger profound sympathetic inhibition, compromising vi-
tal organ perfusion [4].

Levobupivacaine, the S(—) enantiomer of bupivacaine, of-
fers a safer alternative due to its reduced affinity for cardiac
and central nervous system sodium channels. However, low-
dose levobupivacaine protocols—intended to preserve hemo-
dynamic stability—often result in early sensory regression
and inadequate postoperative analgesia. To bridge this gap
without the respiratory depression and cognitive clouding as-
sociated with opioids, ag-adrenergic agonists like dexme-
detomidine have gained prominence. By acting on the spinal
dorsal horn, dexmedetomidine inhibits nociceptive transmis-
sion, providing a potent opioid-sparing effect that is critical
for Enhanced Recovery After Surgery (ERAS) in the elderly
[5].

A primary concern in geriatric regional anaesthesia is dif-
ferential analgesia: the clinical window between motor re-
covery and the first request for rescue analgesia. Optimizing
this interval is essential for early mobilization while main-
taining patient comfort. However, dexmedetomidine exhib-
its strict dose-dependency; doses of 3-5pg may provide in-
sufficient analgesia, while 10 g ensures prolonged anaes-
thesia but requires careful monitoring for cardiovascular de-
pression [6].

There is currently no consensus on the optimal dose that
balances dense, prolonged analgesia with cognitive and hemo-
dynamic safety in geriatric urology. This study investigates
three graded intrathecal doses of dexmedetomidine (5pg, 7.5
g, and 10g) added to low-dose hyperbaric levobupivacaine.
Our objective is to determine the efficacy-safety threshold that
ensures superior block characteristics and prolonged postop-
erative analgesia while preserving hemodynamic stability and
early postoperative orientation.
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2. Materials and Methods

2.1. Study Design and Ethical Approval

This prospective, randomized, double-blind interventional
study was conducted in the Department of Anaesthesiology
and Critical Care at a tertiary care teaching hospital between
July 2024 and December 2025. Institutional Ethics Committee
approval was obtained before initiation of the study
(IEC/SGRD/2024-317), and the trial was prospectively regis-
tered with the Clinical  Trials  Registry-India
(CTRI/2024/11/076475). The study adhered to the ethical
principles outlined in the Declaration of Helsinki. Written in-
formed consent was obtained from all participants in their na-
tive language after detailed explanation of the study protocol.

2.2. Sample Size Estimation

Sample size calculation was performed using G*Power
software version 3.1.9.7. Based on previously published data
regarding duration of postoperative analgesia, [7] the calcu-
lated effect size corresponded to a study power of 80% with a
two-sided alpha error of 0.05. The minimum required sample
size was estimated to be 66 patients. To maintain equal allo-
cation and account for study feasibility, patients were divided
equally into three groups comprising 22 participants each.

2.3. Patient Selection

Patients aged 60-82 years, belonging to American Society
of Anesthesiologists (ASA) physical status I or Il, and sched-
uled for elective urological procedures under spinal anaesthe-
sia, including transurethral resection of prostate (TURP),
ureteroscopic lithotripsy (URSL), and cystoscopy, were in-
cluded in the study.

Patients with hypersensitivity to local anaesthetics or o2-
adrenergic agonists, coagulation abnormalities, ongoing anti-
coagulant therapy, infection at the puncture site, spinal de-
formity, severe hepatic, renal, or cardiovascular disease,
marked cognitive impairment (MMSE <18), or severe frailty
(Clinical Frailty Scale >7) were excluded.

2.4. Randomization and Blinding

Participants were randomly allocated into three groups us-
ing a computer-generated randomization sequence. Allocation
concealment was ensured with sequentially numbered opaque
sealed envelopes. An anaesthesiologist who was not involved
in patient management or data collection prepared the study
medications in identical unlabeled syringes, each standardized
to a total volume of 2.4 mL. Both the patients and the investi-
gators involved in intraoperative and postoperative assess-
ment remained blinded to group allocation throughout the
study.
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Study Groups

All patients received 2.2 mL of 0.5% hyperbaric levobupi-
vacaine combined with dexmedetomidine according to the as-
signed group:

1) Group A (n = 22): Dexmedetomidine 5 g

2) Group B (n = 22): Dexmedetomidine 7.5 g

3) Group C (n = 22): Dexmedetomidine 10 Lg

Normal saline was added to achieve a final injectate volume
of 2.4 mL in all groups.

2.5. Anaesthetic Technique

All patients underwent detailed pre-anaesthetic evaluation
prior to surgery. Premedication included oral alprazolam 0.25
mg administered on the night before surgery and again on the
morning of the procedure. Standard fasting guidelines were
followed.

After arrival in the operating room, standard monitoring
comprising electrocardiography, non-invasive blood pressure
measurement, and pulse oximetry was instituted. Intravenous
access was secured and baseline hemodynamic variables were
recorded. Spinal anaesthesia was administered in the sitting
position at the L3-L4 intervertebral space using a 25-gauge
Quincke spinal needle through a midline approach. After con-
firmation of free flow of cerebrospinal fluid, the study drug
was injected intrathecally and patients were positioned supine
immediately thereafter.

2.6. Outcome Measures

2.6.1. Primary Outcome

The primary outcome was duration of postoperative anal-
gesia, defined as the interval between intrathecal drug admin-
istration and the first request for rescue analgesia.

2.6.2. Secondary Outcomes

Secondary outcomes included onset and duration of sensory
and motor blockade, postoperative pain scores, rescue analge-
sic consumption, sedation profile, hemodynamic stability, ad-
verse events, cognitive recovery, and functional recovery pa-
rameters.

Sensory block onset was defined as the time taken to
achieve loss of pinprick sensation at the T10 dermatome.
Maximum sensory level attained and time to two-segment re-
gression were recorded. Motor blockade was assessed using
the Modified Bromage Scale. Duration of motor block was
defined as the time from onset of motor blockade until com-
plete recovery to Bromage score O.

Postoperative pain intensity was evaluated using a 10-cm
Visual Analogue Scale (VAS) at 15-minute intervals during
the first postoperative hour, hourly for the subsequent 4 hours,
and later at 8, 12, and 24 hours postoperatively. Rescue anal-
gesia consisting of intravenous diclofenac sodium 75 mg di-
luted in 100 mL normal saline was administered when VAS
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score was >4. Time to first rescue analgesia and total analgesic
consumption during the first 24 postoperative hours were doc-
umented.

Sedation was assessed using the Ramsay Sedation Score
(RSS) at 0, 1, 2, 4, 8, 12, and 24 postoperative hours. Hemo-
dynamic parameters including heart rate, systolic blood pres-
sure, respiratory rate, and oxygen saturation were recorded at
baseline, 1, 5, 10, and 15 minutes after spinal anaesthesia, and
subsequently at 15-minute intervals throughout surgery. Hy-
potension, defined as a reduction in systolic blood pressure
greater than 20% from baseline, was managed with intrave-
nous fluids and mephentermine 6 mg. Bradycardia, defined as
a reduction in heart rate greater than 20% from baseline, was
treated with intravenous atropine 0.6 mg.

2.7. Geriatric and Cognitive Assessment

Baseline geriatric evaluation included assessment of Activ-
ities of Daily Living (ADL), Mini-Mental State Examination
(MMSE), and frailty scoring using the 9-point Clinical Frailty
Scale (CFS). Cognitive assessments were performed by a
trained anaesthesia resident blinded to group allocation.
Whenever feasible, postoperative evaluations were conducted
by the same investigator to minimize interobserver variability.
Patients with severe visual, auditory, or communication diffi-
culties interfering with cognitive assessment were excluded.

MMSE scoring was performed preoperatively and repeated
at 24 postoperative hours to assess early cognitive recovery.
Delirium screening was conducted using the Confusion As-
sessment Method (CAM) at 2, 6, 12, and 24 hours postopera-
tively. Assessment included evaluation for acute or fluctuating
mental status changes, inattention, disorganized thinking, al-
tered consciousness, and orientation. All assessments were
conducted in the patient’s native language (Punjabi or Hindi)
to minimize language-related bias.

Additional recovery parameters evaluated during the first
postoperative day included postoperative confusion, agitation,
cooperative sedation profile, time to ambulation, return of
spontaneous bladder function in non-catheterized patients,
and patient satisfaction.

2.8. Statistical Analysis

Statistical analysis was performed using SPSS software
(IBM Corp., Armonk, NY, USA). Normality of data distribu-
tion was assessed using the Shapiro-Wilk test. Continuous
variables were expressed as mean =+ standard deviation and
analyzed using one-way analysis of variance (ANOVA) fol-
lowed by Tukey’s post-hoc test where appropriate. Repeated-
measures ANOVA was used for serial comparisons of VAS
scores and perioperative hemodynamic parameters. Categori-
cal variables were analyzed using Chi-square test or Fisher’s
exact test as appropriate. A p-value <0.05 was considered sta-
tistically significant.
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3. Results

The CONSORT flow diagram (Figure 1) illustrates patient
screening, randomization, allocation, follow-up, and analysis.

criteria and were randomized equally into three groups. All
enrolled patients completed the study and were included in the
final analysis. Baseline demographic characteristics were

Of the 74 patients assessed for eligibility, 66 met the inclusion

ENROLLMENT

CONSORT FLOW DIAGRAM

comparable among the groups (Table 1).

Assessed for eligibility (n = 74)
Patients scheduled for elective urological

surgery under spinal anesthesia

|
|

Excluded (n = 8)

* Not meeting inclusion criteria (n = 5)

* Declined to participate (n = 3)

Y

Randomized (n = 66)

(Computer-generated randomization)

Double-blind allocation

v

\ 4

v

ALLOCATION

Group A

Dexmedetomidine 5 ug
+ Hyperbaric Levobupivacaine

Allocated (n = 22)

Group B

Dexmedetomidine 7.5 pg
+ Hyperbaric Levobupivacaine

Allocated (n = 22)

[ Group C

Dexmedetomidine 10 ug
+ Hyperbaric Levobupivacaine

Allocated (n = 22)

Y

Y

Y

INTERVENTION

Received allocated
intervention (n = 22)
No protocol deviation

Received allocated
intervention (n = 22)
No protocol deviation

Received allocated
intervention (n = 22)
No protocol deviation

Y

\ 4

Y

FOLLOW-UP

Follow-up completed

(12-hour postoperative

assessment) (n = 22)
No lost to follow-up

Follow-up completed

(12-hour postoperative

assessment) (n = 22)
No lost to follow-up

Follow-up completed

(12-hour postoperative

assessment) (n = 22)
No lost to follow-up

Y

\ 4

Y

ANALYSIS

i i

Included in final
statistical analysis
(n=22)

Included in final
statistical analysis
(n=22)

Included in final
statistical analysis
n=22)

3.1. Demographic and Baseline Characteristics

A total of 66 patients were allocated equally into three study
groups (n = 22 each). There were no statistically significant

|

Y

Total analyzed (n = 66)

All randomized patients were analyzed in their allocated groups

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) Flow Diagram.

differences among the groups with respect to age, body weight,
gender distribution, ASA physical status, MMSE score, ADL
score, or Clinical Frailty Scale score (p > 0.05), indicating
comparable baseline demographic, cognitive, and frailty char-
acteristics.
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Peak sensory block levels achieved were similar in all
groups. However, significant dose-dependent differences
were observed in block characteristics. Group C (dexme-
detomidine 10 pg) demonstrated the most rapid onset of sen-
sory blockade (1.08 #0.42 min), longest duration of two-seg-
ment regression (162.83 £9.97 min), prolonged motor block-
ade duration (170.00 =8.60 min), and longest duration of post-
operative analgesia (181.37 £ 9.79 min) compared with
Groups A and B (p < 0.001 for all comparisons). Postoperative
pain scores were lower in Group C, which was also associated

with reduced rescue analgesic requirement during the first 24
postoperative hours. Despite prolonged sensory and motor
blockade, hemodynamic and respiratory variables remained
stable across all groups, with no episodes of respiratory de-
pression or major adverse events observed. These findings
suggest that higher-dose intrathecal dexmedetomidine im-
proved perioperative analgesic efficacy without compromis-
ing safety in elderly patients undergoing urological proce-
dures (Table 1).

Table 1. Comparison of Patient Demographics and Perioperative Block. Characteristics Across Study Groups.

Parameter Group A (51g) (n=22)
Age (Years) 67.80 +£6.12

Weight (kg) 78.3747.43

Gender (M/F) 15/7

ASA Grade (I/11) 13/9

MMSE Score 27.18 x1.42

ADL Score 5.72 £0.45

Clinical Frailty Scale (CFS) 3.04 +0.72

Comparison of Anesthetic Block Characteristics

Parameter (minutes) Group A
Peak Sensory (T6/T7/T8) 11/1/10
Onset of Sensory Block 11.00+1.21
Time to peak sensory block 12.944.07
One Segment Regression 68.7749.20
Two Segment Regression 86.37+7.69
Motor Block Duration 89.3748.91
Duration of Analgesia 110.87+10.00

3.2. Hemodynamic and Respiratory Parameters

Perioperative hemodynamic and respiratory parameters re-
mained clinically stable across all study groups throughout the
intraoperative and postoperative observation period. Although
Group C demonstrated lower intraoperative heart rate and sys-
tolic blood pressure values, these changes were transient and

Group B (7.5 o) (n=22) Group C (10pg) (n=22)

68.95 +5.84 69.43 +5.76
74.6048.51 77.0348.90
14/8 14/8

12/10 11/11

26.95 151 27.04 £1.36
5.68 +0.48 5.77 £0.43
3.18 +0.66 3.09 +0.61
Group B Group C
13/0/9 16/0/6
4.47+.26 1.0840.42
5.43+1.29 2.7230.48
107.03%9.28 123.67+7.14
129.73#9.13 162.8349.97
135.17+14.67 170.00+8.60
153.30+10.49 181.3749.79

clinically manageable. Bradycardia and hypotension showed
a mild dose-related increase with higher dexmedetomidine
doses; however, the incidence was not statistically significant,
and no patient required vasopressor infusion or advanced he-
modynamic support. Respiratory rate and oxygen saturation
remained comparable among groups, with no episodes of res-
piratory depression or clinically significant desaturation ob-
served during the study period (Table 2; Figure 2).
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1. BASELINE CHARACTERISTICS (Mean + SD) 2. STUDY DESIGN 3. BLOCK CHARACTERISTICS (Mean + SD)

B GrouwpA (5 pg) (h=22) @ GroupB(7.5ug) (n=22) [ Group C (10 ug) (n=22) - Group A (5 ug) . Group B (7.5 ug) . Group C (10 pg)

Study Design
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Clinical Frailty Scale (1-7) Secondary Quicomen
8 Block Characteristics, Hemodynamics,
2 6] ngoe 33207 32106 Sedation, VAS, Rescue Analgesic Requirement, ol
1] : o
B : = EH [ Adverse Events, Functional & Cognitive Recovery

All baseline parameters were comparable among the three groups (p > 0.05). Values are mean £ SD;

4. HEMODYNAMIC PARAMETERS (Mean * SD)

*p<0.05vsGroupA; tp<0.05vsGroupB

—o— Group A (Spg) —8— Group B(7.5pg) —#— Group C (10 ) —o— Group A (Spg) —8— Group B (7.5pg) —#— Group C (10 pg) —o— Group A (Sug) —8— GroupB(7.5g) & Group C (10 g) —o— Group A (Spg) —8— Group B (7.5 pg) = Group C (10 g)
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ASA: American Society of Anesthesiologists Physical Status;
ADL: Activities of Daily Living; VAS: Visual Analogue Scale;

BMI: Body Mass Index; MMSE: Mini-Mental State Examination;
SD: Standard Deviation; NS: Not Significant

Figure 2. Comparative Overview of Study Design, Baseline Characteristics, Block Characteristics, and Hemodynamic Parameters Among
Three Intrathecal Dexmedetomidine Dose Groups in Geriatric Patients Undergoing Urological Surgery.

Table 2. Perioperative Hemodynamic and Respiratory Parameters.

Group A (5 1) Group B (7.5 o) Group C (10 o)

Parameter (n=22) (n=22) (n=22) p-value
Baseline Heart Rate (bpm) 84.2 +8.4 82.7+7.9 83.1 +8.2 0.81
Lowest Intraoperative HR (bpm) 71.4 +6.2 69.8 5.9 66.2 6.1 0.048
Bradycardia Requiring Atropine, n (%) 1 (4.5%) 2 (9.1%) 3 (13.6%) 0.41
Baseline SBP (mmHg) 132.4 £10.1 130.7 £9.8 131.6 £10.4 0.87
Lowest Intraoperative SBP (mmHg) 108.6 8.9 105.8 +8.4 101.2 +9.1 0.062
Hypotension Requiring Mephentermine, n (%) 1 (4.5%) 2 (9.1%) 3 (13.6%) 0.41
Vasopressor Infusion Requirement 0 0 0 _
Mean Postoperative HR (bpm 78.2 6.1 75.4 +5.8 73.6 £5.5 0.09
Mean Postoperative SBP (mmHg) 124.8 +8.2 122.4 +8.0 119.6 +7.8 0.11
Mean Respiratory Rate (per min) 141412 13.8+1.1 13.6 £1.0 0.36
Mean SpO: (%) 97.8 +0.9 97.4 +1.0 97.2+0.8 0.28
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Values are expressed as mean =xstandard deviation (SD) or
number (%). HR denotes heart rate, SBP denotes systolic
blood pressure, and SpO, denotes peripheral oxygen satura-
tion. Bradycardia was defined as a heart rate below 50
beats/min requiring atropine administration, while hypoten-
sion was defined as a fall in systolic blood pressure greater
than 20% from baseline requiring mephentermine administra-
tion. Continuous variables were analyzed using one-way
ANOVA, whereas categorical variables were compared using
Chi-square test or Fisher’s exact test as appropriate. A p-value
<0.05 was considered statistically significant. None of the pa-
tients required vasopressor infusion or advanced hemody-
namic intervention during the perioperative period.

3.3. Postoperative Analgesia and Rescue
Analgesic Requirement

Postoperative pain assessment revealed a clear dose-related
improvement in analgesic quality with increasing doses of in-
trathecal dexmedetomidine. Patients in Group C demonstrated

consistently lower VAS scores throughout the postoperative
observation period compared with Groups A and B. Although
VAS scores during the initial 0-3 postoperative hours were
similar between Groups B and C, significant differences be-
came evident after 4 hours and persisted at 8 and 12 hours
postoperatively (p<0.001), indicating a more sustained anal-
gesic effect in Group C. In contrast, patients in Group A ex-
perienced comparatively higher pain scores at most assess-
ment intervals (Table 3; Figure 3).

The duration of postoperative analgesia was significantly
prolonged in Group C. This group also required a lower total
dose of rescue diclofenac (77.78 +14.43 mg) compared with
Group B (132.50 £32.26 mg) and Group A (150 0 mg) (p <
0.001 Table 4; Figure 3). In addition, the majority of patients
in Group C required only a single rescue analgesic dose,
whereas all patients in Group A required two rescue doses dur-
ing the study period. These findings indicate that intrathecal
dexmedetomidine at a dose of 10 g provided more effective
and sustained postoperative analgesia while markedly reduc-
ing supplemental analgesic requirements in elderly patients
undergoing spinal anaesthesia.

Table 3. Comparative Analysis of Postoperative Pain Intensity (VAS Scores) Over a 12- Hour Follow-up.

POST OP VAS Group A (n=22) Group B (n=22)
0 min 0.040.0 0.020.0

15 min 0.540.509 0.6740.479
30 min 1.4040.621 1.3740.490
45 min 2.3340.547 1.9340.254
60 min 2.9740.556 2.3340.479
2 hrs 4.17+2.052 2.8040.407
3hrs 0.77+1.716 3.0740.365
4 hrs 1.60+1.380 4.87+1.306
8 hrs 5.6342.008 2.5342.030
12 hrs 3.9042.721 4.47+1.697

p value
Group C (n=22) df

AvsB AvsC BvsC
0.020.0 2,87 - - -
0.4040.498 2,87 0.398 0.715 0.099
1.1040.548 2,87 0.971 0.098 0.157
1.5740.568 2,87 0.005* 0.0001 0.011*
1.9340.365 2,87 0.000 0.000+ 0.004*
2.3040.466 2,87 0.0007 0.0001 0.266
2.7040.466 2,87 0.0007 0.0001 0.369
3.00#.371 2,87 0.0007 0.0001 0.000F
3.80+1.400 2,87 0.0007 0.0011 0.024*
2.3741.691 2,87 0.548 0.015* 0.0017

Data are Mean#SD, >0.05: Insignificant, *: significant, T: highly significant, VAS values following rescue analgesia represent post-intervention

pain assessment scores.

Table 4. Mean duration of analgesia (min) and Total dose requirement of rescue analgesia given within 12 hours in three study groups.

Parameter Group A Mean £SD (n=22)
Duration of analgesia (min) 110.87+10.00
AvsB <0.0017

Group B Mean +=SD (n=22) Group C Mean £SD (n=22)

153.30+10.49 181.3749.79
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Parameter Group A Mean £SD (n=22) Group B Mean =SD (n=22) Group C Mean £SD (n=22)
AvsC <0.001f

BvsC <0.001f

Rescue Dose (Diclofenac sodium) 150.00 +0.00 132.50 +32.26 77.78 £14.43

AvsB <0.01%

AvsC 0.004*

BvsC <0.01%

Data are Mean2SD, >0.05: Insignificant, *: significant, 1: highly significant

Comparison of Three Doses of Intrathecal Dexmedetomidine with Low-Dose Hyperbaric Levobupivacaine

in Geriatric Patients Undergoing Urological Surgery

A. VAS SCORE OVER TIME (Mean VAS Score) C. NUMBER OF RESCUE DOSES REQUIRED
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Figure 3. Comparative Postoperative Pain Scores and Rescue Analgesic Requirements Among Three Intrathecal Dexmedetomidine Dose
Groups in Geriatric Patients Undergoing Urological Surgery.

Table 5. Postoperative Sedation and Cognitive Recovery.

RSS AT TIME INTERVAL Group A (5 o) (n=22) Group B (7.5 o) (n=22) Group C (10 g) (n=22) P-value

0 min 1.8 +0.5 2.4+0.6 3.1+0.7 <0.001
60 min 1.5+04 2105 2.7 +0.6 <0.001
2hrs 1.3+04 1.8 +05 2205 <0.001
4 hrs 1.0+0.0 1.5+04 1.8+0.5 0.002
8 hrs 1.0 +0.0 1.2+04 1.4+05 0.031
12 hrs 1.0+0.0 1.1+03 1.3+04 0.084
24 hrs 1.0 0.0 1.0+0.0 1.0+0.0 -
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Values are presented as mean =*standard deviation (SD) or
number (%). Sedation was evaluated using the Ramsay Seda-
tion Score (RSS), where Score 1 indicated anxiety or agitation,
Score 2 indicated a calm and cooperative patient, and Score 3
indicated a patient responding only to verbal commands; higher
scores represented deeper levels of sedation. A cooperative se-
dation profile was defined as a calm, comfortable, and easily
arousable patient who remained responsive to verbal communi-
cation without evidence of agitation or respiratory depression.
Time to cognitive recovery was defined as the duration required
for restoration of full orientation to person, place, and time
along with an appropriate cooperative response. A p-value
<0.05 was considered statistically significant.

3.4. Sedation Profile

Postoperative Ramsay Sedation Scores showed a dose-de-
pendent increase in early postoperative sedation with higher

doses of intrathecal dexmedetomidine. Patients in Group C
demonstrated significantly higher sedation scores during the
immediate postoperative period, particularly within the first 4
hours after surgery, compared with Groups A and B (p <
0.001). However, despite the higher sedation levels, patients
remained calm, cooperative, easily arousable, and responsive
to verbal commands, with no evidence of respiratory compro-
mise or need for active intervention.

Sedation scores gradually declined in all groups over time,
approaching baseline values within 12-24 postoperative hours.
Although Group C maintained slightly higher sedation scores
during the early recovery phase, orientation and cognitive re-
sponsiveness remained intact, and overall recovery was
smooth. The mild increase in early postoperative sedation ob-
served with the 10 pg dose may have contributed to greater
patient comfort, improved analgesia, and lower postoperative
pain scores without negatively affecting respiratory or cogni-
tive recovery (Figure 4).

Postoperative Sedation Profile Over 24 Hours (Ramsay Sedation Score)

Comparison of Three Doses of Intrathecal Dexmedetomidine with Low-Dose Hyperbaric Levobupivacaine

STACKED SEDATION PROFILE: Distribution of Sedation Scores Over Time
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Figure 4. Comparative postoperative sedation profile and early recovery characteristics among the three intrathecal dexmedetomidine dose

groups in geriatric patients undergoing urological surgery.
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3.5. Safety and Complications

The overall incidence of adverse events was comparable
among all three groups, with no statistically significant differ-
ences observed (p>0.05). Although patients in Group C expe-
rienced a relatively higher frequency of bradycardia and hy-
potension, these episodes were mild, transient, and responded
well to standard treatment measures without the need for con-
tinuous vasopressor support or advanced hemodynamic man-
agement.

The occurrence of postoperative nausea and vomiting was
similar across the groups. No patient developed respiratory
depression or clinically significant oxygen desaturation during
the perioperative or postoperative period.

Sedation scores increased with higher doses of intrathecal
dexmedetomidine; however, patients in Group C remained
calm, cooperative, and easily arousable throughout the recov-
ery period. All patients responded appropriately to verbal

commands, and none required intervention for excessive se-
dation.

Postoperative cognitive assessment demonstrated satisfac-
tory neurocognitive recovery in all groups. MMSE scores as-
sessed at 12 postoperative hours remained comparable to pre-
operative baseline values. Similarly, delirium screening using
the Confusion Assessment Method (CAM) revealed only min-
imal postoperative confusion, with no significant differences
among the study groups. Most patients maintained appropriate
orientation and cooperative behavior during recovery, partic-
ularly those in Group C.

Despite a greater degree of early postoperative sedation, the
10 g dexmedetomidine group achieved superior analgesic
outcomes, reflected by lower postoperative VAS scores and
reduced rescue analgesic consumption, while maintaining sta-
ble hemodynamic, respiratory, and cognitive parameters in el-
derly patients undergoing spinal anaesthesia.

Table 6. Postoperative Cognitive Monitoring and Early Neurocognitive Recovery Profile.

Cognitive parameters

(n=22)
Baseline MMSE Score 27.18 £151
MMSE at 12hrs 26.90 +1.51
Postoperative Delirium (CAM Positive) 1 (4.5%)
Preserved Orientation at 12hrs 95.5%
Cooperative Sedation Profile 81.8%
Excessive Sedation Requiring Intervention 0
Time to Cognitive Recovery (hrs) 1.8 +0.6
Postoperative Confusion/Agitation 1 (4.5%)
Recall of Person/Place/Time at 12 hrs. 90.9%

MMSE denotes the Mini-Mental State Examination, and
CAM refers to the Confusion Assessment Method. Postoper-
ative cognitive recovery was evaluated through assessment of
orientation status, delirium screening, cooperative sedation
profile, and repeat MMSE during the first 12 postoperative
hours (Table 6). Data are presented as mean standard devi-
ation (SD) or percentage (%), and a p-value <0.05 was con-
sidered statistically significant. Cooperative sedation was de-
fined as a calm, easily arousable state in which patients re-
mained responsive to verbal commands without agitation or
respiratory compromise.

At 24-hour postoperative follow-up, patients in Group C
exhibited superior analgesic outcomes compared with Groups
A and B. This was reflected by significantly lower VAS scores

Group A (5 1)
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Group B (7.5 o) Group C (10 o)

(n=22) (n=22) PR
26.95 +1.51 27.04 +1.36

26.72 +1.43 26.95 +1.38 0.91

1 (4.5%) 0 (0%) 0.58
95.5% 100% 0.62
90.9% 95.5% 0.39

0 0 _
24407 31408 <0.001
0 0 0.36
95.5% 100% 0.28

and reduced total requirement of rescue analgesics over the
first 24 hours (p < 0.001). Recovery of spontaneous bladder
function and time to assisted ambulation were marginally de-
layed in Group C, most likely due to a more prolonged sensory
and motor block; however, patients remained hemodynami-
cally stable with preserved orientation and satisfactory coop-
erative recovery throughout (Table 7).

CAM-based delirium assessment did not reveal any statis-
tically significant differences between the groups, and no pa-
tient developed clinically relevant postoperative delirium or
required intervention for excessive sedation. Patient satisfac-
tion scores were highest in Group C, indicating better overall
perioperative comfort and more sustained postoperative anal-
gesia.
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Table 7. 24 hours Postoperative Functional Recovery and Cognitive Outcome.

PARAMETER

(n=22)
VAS Score at 24 hrs 4814
Total Rescue Analgesia in 24 hrs (mg Diclofenac) 150 +0
CAM Positive at 24 hrs 1 (4.5%)
Preserved Orientation at 24 hrs 90.9%
Cooperative Recovery Profile 81.8%
Time to Ambulation (hrs) 5.2+0.8
Recovery of spontaneous bladder function* 58 +1.1
Patient Satisfaction Score (1-5) 3.4 +0.7
Delayed PONV 3 (13.6%)
Excessive Sedation Requiring Intervention 0

Values are presented as mean =standard deviation (SD) or
number (%). CAM denotes Confusion Assessment Method,
and VAS refers to Visual Analogue Scale. Cooperative recov-
ery profile was defined as a calm, oriented, and easily arousa-
ble state without agitation or respiratory compromise. Patient
satisfaction was evaluated using a 5-point Likert scale (1 =
very dissatisfied, 5 = very satisfied). A p-value < 0.05 was
considered statistically significant. *Time to first void was
recorded only in non-catheterized patients.

4. Discussion

The present study evaluated the effects of three incremental
doses of intrathecal dexmedetomidine (5 g, 7.5 |, and 10
o) as an adjunct to low-dose hyperbaric levobupivacaine in
geriatric patients undergoing urological procedures. The re-
sults demonstrated a clear dose-dependent improvement in the
quality of spinal anaesthesia, including enhanced sensory
block characteristics, prolonged analgesia, better postopera-
tive pain control, and reduced rescue analgesic requirements,
while maintaining acceptable hemodynamic and respiratory
stability. Among the three regimens, the 10 g dose provided
the most sustained postoperative analgesia and the most favor-
able perioperative recovery profile.

Baseline demographic variables, frailty status, and cogni-
tive scores were comparable across all groups, thereby mini-
mizing potential confounding factors. Similar baseline com-
parability has been reported in earlier studies by Saha et al. [8];
Kanazi et al. [9] and Bhirud et al. [10] supporting the method-
ological consistency of dose-comparison trials involving in-
trathecal dexmedetomidine.

Group A (5 o)
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Group B (7.5 Lg) Group C (10 1g)

(n=22) (n=22) A
39412 29+11 <0.001
1125 +28.6 75 +21.4 <0.001
1 (4.5%) 0 0.58
95.55% 100% 0.31
90.9% 95.5% 0.39
6.4 1.0 71412 <0.001
6.7 £12 7413 0.002
41406 47405 <0.001
2 (9.1%) 2 (9.1%) 0.81

0 0 -

In this study, higher doses of dexmedetomidine were asso-
ciated with a more rapid onset of sensory block and a pro-
longed duration of motor blockade. Group C showed the fast-
est sensory onset and the longest motor block duration among
all groups. Comparable dose-dependent effects on spinal
block characteristics have been reported in previous studies by
Eid et al. [11]; Harsoor et al. [12]; Shukla et al. [13]; Saha et
al. [8]; Bhirud et al. [10]; Mahendru et al. [14] and Bajwa et
al [15].

Prolonged two-segment regression time and extended dura-
tion of analgesia in the higher-dose group translated into sig-
nificantly lower postoperative VAS scores and reduced re-
quirement for rescue analgesics. These findings are consistent
with those of Al-Ghanem et al. [16]; Al-Mustafa et al. [17]
and Mehta et al. [18] who also reported prolonged postopera-
tive analgesia with higher doses of intrathecal dexmedetomi-
dine. Meta-analytic evidence further supports that dexme-
detomidine prolongs sensory blockade, reduces postoperative
analgesic consumption, and maintains respiratory stability.
This opioid-sparing effect is particularly advantageous in el-
derly patients who are more susceptible to opioid-related ad-
verse effects.

Although sedation scores were higher in the 7.5 g and 10
g groups, patients remained cooperative, easily arousable,
and hemodynamically stable, without evidence of respiratory
depression. This dose-dependent sedative effect is consistent
with the known pharmacological profile of dexmedetomidine,
characterized by sympatholysis and cooperative sedation.
Similar observations have been reported by Ebert et al. [19]
and Doo et al. [20] who highlighted the favorable sedation
quality associated with dexmedetomidine during spinal anaes-
thesia. Recent geriatric anaesthesia literature emphasizes the
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importance of maintaining cooperative sedation with pre-
served orientation and avoiding excessive sedation in elderly
patients. Studies by Megalla et al. [21]; Ko et al. [22] and
Geng et al. [23] further support the role of dexmedetomidine
in improving perioperative recovery and potentially reducing
the risk of postoperative delirium in elderly patients undergo-
ing regional anaesthesia.

A key strength of this study is the inclusion of geriatric-spe-
cific perioperative assessments, including MMSE, Clinical
Frailty Scale, postoperative cognitive monitoring, and func-
tional recovery parameters alongside standard spinal anaesthe-
sia outcomes. The integration of frailty and cognitive evaluation
enhances perioperative risk stratification and strengthens the
applicability of findings to elderly surgical populations.

Limitations

This study has certain limitations. It was conducted at a
single centre with a relatively small sample size limited to
ASA I-11 patients, which may restrict generalizability to
higher-risk geriatric populations with significant comorbidi-
ties. Additionally, although three doses of dexmedetomidine
were evaluated, a broader dose range was not assessed, and

therefore the definitive optimal dose could not be established.

Postoperative cognitive assessment was limited to the first
24 hours, and long-term neurocognitive outcomes were not
evaluated. Furthermore, detailed neuropsychological testing
for postoperative cognitive dysfunction was not performed,
and repeated MMSE assessments may have been influenced
by postoperative pain, residual sedation, and educational
variability among elderly patients. Assessment of bladder re-
covery was also partially confounded by routine catheteriza-
tion in patients undergoing TURP. Despite these limitations,
the randomized double-blind design and inclusion of geriat-
ric-focused outcomes enhance the clinical relevance of the
study.

5. Conclusion

Intrathecal dexmedetomidine combined with low-dose hy-
perbaric levobupivacaine improved the quality and duration
of spinal anaesthesia in geriatric patients undergoing urologi-
cal procedures in a dose-dependent manner. The 10 g dose
provided superior postoperative analgesia, lower pain scores,
and reduced rescue analgesic consumption compared with
lower doses, while maintaining stable hemodynamic and res-
piratory parameters without clinically significant respiratory
depression.

Although higher early postoperative sedation was ob-
served with the 10 g dose, patients remained cooperative,
easily arousable, and oriented, without evidence of postop-
erative delirium during the observation period. The inclusion
of frailty, cognitive, and functional recovery assessments
further supports the geriatric relevance of the findings. Over-
all, the results suggest that 10 pg intrathecal dexmedetomi-
dine may be a useful adjuvant for enhanced recovery-ori-
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ented spinal anaesthesia in elderly patients undergoing uro-
logical surgery.

Abbreviations

ASA | & Il American Society of Anesthesiologists
Physical Status | or Il

TURP Transurethral Resection of Prostate (TURP)

MMSEE Mini-Method State Examination

CFS Clinical Frailty Scale

POD Postoperative Delirium

URSL Ureteroscopic Lithotripsy
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