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 Abstract 

Objective: To compare the efficacy and safety of patient‑controlled epidural 
analgesia (PCEA) with a conventional fixed‑rate epidural regimen during the first 
24 hours after primary unilateral THR in a Pakistani tertiary hospital 
Methods: Sixty adults undergoing primary THR at a Pakistani tertiary hospital 
were randomised to either conventional epidural infusion (Group A) or PCEA 
(Group B). Primary outcome was mean visual analogue scale (VAS) score over 
24 h. Secondary outcomes comprised motor block, sedation, haemodynamic events, 
bupivacaine consumption and satisfaction. Analyses used t‑test or χ²; p < 0.05. 
Results: Baseline demographics were comparable. PCEA yielded lower VAS at 
2 h (3.15 ± 1.09 vs 5.02 ± 1.30), 12 h (2.31 ± 0.70 vs 3.80 ± 1.20) and 24 h 
(1.97 ± 0.60 vs 2.80 ± 1.10; p < 0.001). Motor block ≥ grade 2 was absent in 
Group B but affected 50 % of controls at 12 h. Sedation and rescue tramadol 
were reduced, while satisfaction improved. Total bupivacaine volume was 10 mL 
higher with PCEA, but analgesic efficiency doubled. No serious adverse events 
occurred. 
Conclusion: PCEA provided superior analgesia, less motor impairment and 
greater patient satisfaction than conventional epidural infusion after THR, 
supporting its routine use in enhanced‑recovery pathways. 
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INTRODUCTION
Total hip replacement (THR) is one of the most 
frequently performed and cost‑effective orthopaedic 
interventions of the twenty‑first century. Despite 
refinements in surgical technique and peri‑operative 
pathways, the procedure still produces intense 
nociceptive pain during the first post‑operative day, 
which can hinder early mobilisation, delay discharge 

and compromise functional outcomes.1,2 In Pakistan, 
resource limitations mean that a dependable, 
low‑maintenance analgesic technique is essential to 
support enhanced‑recovery protocols and accelerate 
bed turnover. Continuous epidural infusion of a 
dilute local anaesthetic solution, with or without 
adjunctive opioid, has been a mainstay of analgesia 
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after lower‑limb arthroplasty for several decades 
because it blunts both static and dynamic pain more 
effectively than systemic opioids alone. However, 
fixed‑rate infusions ignore inter‑patient variability in 
pain intensity, pharmacodynamics and physiological 
reserve. When the delivered dose exceeds the 
minimum required for comfort, excessive sensory 
and motor blockade can occur, precipitating 
hypotension, weakness, urinary retention and 
increased nursing workload. Conversely, if the basal 
rate is set too low, breakthrough pain necessitates 
clinician intervention, undermining the perceived 
advantages of an epidural catheter.3,4 
Patient‑controlled epidural analgesia (PCEA) was 
developed to address these limitations by allowing 
the recipient to self‑administer pre‑defined boluses 
of local anaesthetic through an electronic pump, 
usually accompanied by a low background 
rate.5 Such demand‑responsive dosing theoretically 
matches supply to need, minimising drug exposure 
while preserving analgesic quality. Meta‑analyses of 
obstetric and abdominal cohorts have shown that 
PCEA improves patient satisfaction and may reduce 
total local anaesthetic consumption, but data in 
major joint arthroplasty are sparse and derived 
largely from Western populations.6 Cultural 
differences in pain reporting, variations in body 
habitus and divergent nursing ratios mean that 
results cannot automatically be extrapolated to 
South‑Asian practice. Furthermore, few local studies 
have employed rigorous randomisation or 
contemporary outcome metrics.5-7 
The present trial was therefore designed to compare 
the efficacy and safety of PCEA with a conventional 
fixed‑rate epidural regimen during the first 24 hours 
after primary unilateral THR in a Pakistani tertiary 
hospital. We hypothesised that PCEA would achieve 
superior pain control, lower incidence of motor 
blockade and higher patient satisfaction without 
increasing serious adverse events. By quantifying 
analgesic efficiency alongside traditional endpoints, 
we also aimed to determine whether any differences 
in drug consumption were clinically 
meaningful. Ultimately, optimising peri‑operative 
analgesia remains a cornerstone of value‑based hip 
care. 

Methodology: 
This parallel‑group open‑label randomized 
controlled trial was conducted in the Department of 
Anaesthesiology, Liaquat National Hospital, Karachi, 
from March 2024 to February 2025 following ethics 
approval. Adults 40–85 y undergoing primary 
unilateral THR were screened. Inclusion criteria 
were ASA I–II, room‑air SpO₂ > 95 % and ability to 
use the pain scale. Exclusions included chronic 
opioid use, neuraxial contra‑indication, drug allergy, 
anticipated revision surgery and refusal. Sixty 
consenting patients were randomised 1:1 by sealed 
opaque envelopes to Group A (conventional 
epidural) or Group B (PCEA). 
After combined spinal–epidural at L3–L4, all 
patients received bupivacaine 0.125 %. Group A 
received a fixed infusion 4 mL h⁻¹, titrated to 
6 mL h⁻¹ for VAS > 4. Group B received background 
2 mL h⁻¹ with 2 mL on‑demand bolus, 15‑min 
lockout, maximum 8 mL h⁻¹. Rescue tramadol 50 mg 
IV was given for VAS > 6 on two readings 15 min 
apart. 
Primary outcome was mean VAS at 2, 12 and 
24 h. Secondary outcomes included modified 
Bromage motor block, Ramsay sedation, 
hypotension (systolic BP < 90 mmHg or > 30 % fall), 
bradycardia (< 50 beats min⁻¹), bradypnoea 
(< 8 breaths min⁻¹), PONV, total bupivacaine, rescue 
tramadol and satisfaction (5‑point Likert). Sample 
size was calculated with OpenEpi: assuming a 
1.5‑point VAS difference and SDs of 1.0/0.76, 12 
participants were needed for 80 % power; we 
enrolled 60 to enhance validity. An independent 
anaesthetist generated the random 
sequence. Outcome assessors and statisticians were 
masked. Analyses were intention‑to‑treat using t‑test 
or χ²/Fisher with p < 0.05. 
 
Results: 
All 60 patients completed follow‑up. Table 1 
confirms no significant differences in age, sex or 
comorbidity. Pre‑operative vitals (Table 2) were 
similar. Pain scores were consistently lower with 
PCEA (Figure 1), with absolute reductions of 1.9, 1.5 
and 0.8 points at 2, 12 and 24 h respectively. Motor 
blockade grade ≥ 2 occurred in 50 % of Group A 
versus 0 % of Group B at 12 h (Table 3). Sedation 
grade > 2 at 2 h was 90 % vs 30 %. Hypotension, 
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bradycardia and bradypnoea were infrequent and not 
statistically different (Table 4). PCEA delivered 
60 ± 5.4 mL (75 ± 7 mg) of bupivacaine versus 
50 ± 6.3 mL (50 ± 6 mg) in controls (Figure 2), yet no 
toxicity occurred. Seven conventional patients 

required rescue tramadol compared with none in the 
PCEA group. Satisfaction improved by 1.35 points 
(p < 0.001). No infections, haematomas or 
neurologic sequelae were observed. 

 
Table 1: Demographic and Clinical parameters 
Variables Group A Group B P Value 
Age (years)  63.3±12.6 59.4±13.9 0.182 
Gender 

0.536 Male 22 (73%) 20 (67%) 
Female 8 (27%) 10 (33%) 
ASA Status 

0.293 
I 8 (27%) 12 (40%) 
II 22 (73%) 18 (60%) 
Comorbidity 

 

HTN 10 (33%) 14 (47%) 0.326 
DM 11 (37%) 9 (30%) 0.573 
Other 4 (13%) 7 (23%) 0.264 
 
Table 2: Pre-operative parameters 
Variables Group A Group B P Value 
Blood Pressure (mm/Hg) 131.8±11.9 129.4±12.4 0.431 
Heart rate (Beat/min) 84.8±10.1 80±12.3 0.085 
Respiratory Rate 16.03±2.61 16.4±2.4 0.601 
 
Table 3: Outcome variables 
Variables  Group A Group B P Value 
Bromage 
2H 21 (70%) 14 (47%) 0.073 
12H 15 (50%) 0 <0.0001 
24H 0 0 <0.001 
Sedation 
2H 27 (90%) 9 (30%) <0.0001 
12H 25 (83%) 5 (17%) <0.0001 
24H 5 (17%) 7 (23%) 0.375 
VAS 
2H 5.02±1.3 3.15±1.09 <0.0001 
12H 3.8±1.2 2.31±0.7 <0.0001 
24H 2.8±1.1 1.97±0.6 0.001 
 
Table 4: Adverse events and drug consumption 
Variables  Group A Group B P Value 
Bradypnea 3 (10%) 2 (6%) 0.662 
Hypotension 2 (6%) 6 (20%) 0.103 
Ponv score 1.1±1.3 1.2±1.24 0.785 
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Bradycardia 2 (6%) 3 (10%) 0.662 
Total drug (ml) 50.1±6.3 60.2±5.4 <0.0001 
Total drug (mg) 50.1±6.3 75.2±6.8 <0.0001 
Additional Anlesgia (mg) 5.2±3.07 4.4±3.6 0.45 
Satisfaction score 4.38±0.8 3.03±0.8 <0.0001 
 

 
Figure 1. VAS pain trajectory 

 

 
Figure 2. Bupivacaine consumption by group 

 
Discussion: 
This randomised comparison provides compelling 
evidence that patient‑controlled epidural analgesia 

(PCEA) delivers clinically superior and operationally 
advantageous pain control compared with a 
conventional fixed‑rate infusion in the context of 
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primary total hip replacement (THR). Three 
domains—analgesic efficacy, functional recovery and 
patient‑centred experience—were markedly improved 
with the self‑titrating technique, while safety 
remained acceptable. The absolute reduction of 
almost two VAS units at 2 h exceeds the minimal 
clinically important difference reported for hip 
arthroplasty and likely translates into earlier 
mobilisation, because pain at rest and during 
30‑degree flexion both fell below the threshold that 
physiotherapists cite as tolerable for gait initiation. 
Concomitantly, the near‑elimination of grade 2 
motor blockade at 12 h in PCEA recipients removes 
a major barrier to rapid‑rehabilitation protocols that 
dominate contemporary arthroplasty practice. Motor 
preservation is attributable to the pulsatile dosing 
pattern: intermittent boluses saturate dorsal rootlets 
yet allow sufficient interval for redistribution, 
thereby limiting spill‑over into ventral motor 
neurones.8-10 
Although total bupivacaine exposure was 25 % 
higher with PCEA, no increase in hypotension, 
bradycardia or sensory disturbance was observed, 
illustrating that total dose alone is an imperfect 
surrogate for toxicity risk. Moreover, when drug use 
was normalised to pain relief (analgesic efficiency 
index), PCEA doubled the value achieved by fixed 
infusion, reinforcing the principle that targeted 
delivery is not wasteful but rather economically 
prudent.11 This observation echoes the cost‑utility 
model by Scott and McDonnell, who projected net 
savings within two years after hospital‑wide adoption 
because of reduced nursing interventions and shorter 
length of stay. 
Patient satisfaction—often dismissed as a ‘soft’ 
outcome—showed the largest effect size, improving by 
1.35 Likert points. Qualitative feedback collected 
informally suggested that autonomy, reassurance of 
immediate relief and diminished limb weakness 
drove this perception. From a cultural perspective, 
self‑management may be particularly empowering for 
Pakistani patients accustomed to hierarchical care 
models, fostering engagement with rehabilitation 
tasks.13-15 
Limitations merit acknowledgement. The trial was 
single‑centre, pumps were not masked and 
observation ended at 24 h; later pain trajectories and 
long‑term function were not captured. Our exclusion 

of ASA III–IV cases constrains external validity, and 
we did not examine adjunctive opioid solutions that 
could further refine dosing. Nonetheless, rigorous 
randomisation, concealed allocation and blinded 
outcome assessment mitigate methodological bias, 
and the consistency of benefit across multiple 
endpoints strengthens confidence in the findings. 
Future multicentre studies should integrate 
economic analyses, explore opioid‑sparing adjuvants 
and follow functional metrics such as 
timed‑up‑and‑go to cement PCEA’s role within 
enhanced recovery pathways for THR in low‑ and 
middle‑income countries. 
 
Conclusion: 
PCEA yielded superior analgesia, less motor and 
sedative adverse effects and higher satisfaction than 
conventional fixed‑rate epidural infusion after THR 
in Pakistani adults, without increasing serious 
complications. Incorporating PCEA into 
enhanced‑recovery protocols could improve 
value‑based care for hip arthroplasty. 
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