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Objective: To compare the outcomes of early versus delayed surgical
decompression in patients with traumatic spinal cord injury (SCI) at a tertiary
care hospital.

Methodology: This randomized controlled trial conducted from August to
December 2025 at Fauji Foundation Hospital, Rawalpindi. A total of 88 patients
with traumatic SCI (AIS grades A—C) were enrolled and allocated to early (within
24 hours; n=44) or delayed (>24 hours; n=44) decompression groups according
to the time of presentation after injury. Neurological outcome was assessed
three months postoperatively using the American Spinal Injury Association
(ASIA) Impairment Scale (AIS). Improvement of at least two AIS grades from
baseline was considered a good neurological outcome. Outcomes were
compared using the chi-square test, with p<0.05 considered statistically
significant.

Results: Overall, 24 of 88 patients (27.3%) achieved a good neurological
outcome. Good recovery was observed in 15/44 (34.1%) patients in the early
decompression group compared with 9/44 (20.5%) patients in the delayed
decompression group. Although neurological recovery was more frequent
following early decompression, the difference was not statistically significant
(p=0.151).

Conclusion: Early surgical decompression was associated with a higher
proportion of favorable neurological recovery than delayed decompression;
however, the difference was not statistically significant. A consistent trend
toward better neurological outcomes was observed with early decompression
across the stratified analyses.
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Introduction

Acute traumatic spinal cord injury (SCI) constitutes a
severe neurological condition, resulting in significant and
frequently irreversible impairment.! Spinal Cord Injury
(SCI) is relatively widespread, affecting 900 to 1,200
individuals per million worldwide, with considerable
geographical disparities caused by road traffic accidents,
falls, violence, and sports-related injuries.?3

A traumatic spinal cord injury may involve several types
of impairments, including motor impairments, sensory
deficits, and autonomic impairment such as problems
with bladder and bowel control.*% Although many studies

have been conducted in regard to neuroprotective
therapies and regenerative therapies, very few therapeutic
options have been found for acute SCI patients. The
current management strategies involve blood pressure
optimization, careful administration of
methylprednisolone, and surgical decompression of the
spinal cord. Early surgical decompression strategy is
meant to relieve mechanical compression, increase spinal
cord perfusion, improve oxygenation to the vulnerable
neural tissue, and mitigate the secondary injury process
cascade.>® Despite the consistent findings of
experiments, which have shown better neurological
results for prompt decompression, clinical trials show
inconsistent results. Although some clinical trials show
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benefits of early surgical intervention in terms of
neurological results, there are others that cannot prove
any difference. However, early decompression is
becoming recognized as a viable and safe technique in
select individuals.” Numerous definitions of early surgery
exist, ranging from surgical intervention carried out after
24 hours of the traumatic event being experienced. Even
though there is a growing interest in this concept, the
actual efficacy of performing decompression during this
time frame is yet to be determined .*7

Owing to divergent interpretations, some facilities
emphasize early decompression, whereas others employ a
more conservative strategy, postponing operation for
days or even weeks in specific instances.® It has been
shown that surgery during an early period has resulted in
neurological recovery in some people, particularly those
that are classified as having ASIA grade B to C. Some
researchers have even indicated that decompression
surgery carried out early on may yield better neurological
outcomes independent of the location of the injury. Early
surgery may be used to reduce health care costs because
it would reduce the amount of time the person is
hospitalized, and cost of surgery. The exact time for
carrying out decompression is yet to be established due to
lack of further studies on the matter.®

Rehabilitation from traumatic spinal cord injury through
neurologic recovery is enhanced through surgical
decompression during the first 24-36 hours post injury. In
many studies on the subject matter, early decompression
refers to decompression surgeries done within 24 hours
post injury, while anything done after this time frame is
termed as delayed decompression.’® Some studies have
shown that even shorter times like eight hours post injury
may vield better neurological results. There are
contradicting results in some studies where there was no
benefit gained from early decompression in terms of
neurological improvements.'* Real-life situations pose
difficulties for the timely surgical management of injuries
due to various reasons, including delayed transport and
lack of facilities to carry out the surgery.0-12

Although international evidence regarding the timing of
surgical decompression continues to evolve, limited data
are available from developing healthcare settings,
including Pakistan, where delayed presentation and
resource limitations may influence neurological
outcomes. Therefore, local evidence is required to guide
clinical decision-making and optimize management
strategies for patients with acute traumatic SCI.

The present study was conducted to compare
neurological outcomes between early and delayed
surgical decompression among patients with acute
traumatic SCI admitted to a tertiary care hospital in
Pakistan. The findings aim to contribute regional
evidence regarding the optimal timing of decompression
and assist clinicians in developing evidence-based
strategies to improve neurological outcomes in this
patient population.

Methodology

After obtaining approval from the Institutional Review
Board (IRB) of Fauji Foundation Hospital (letter number:
999/RC/FFH/RWP), this comparative study was
conducted from August 2025 to December 2025 at the
Department of Neurosurgery, Fauji Foundation Hospital,
Rawalpindi. A total of 88 patients (44 in each group)
were enrolled through non-probability consecutive
sampling after obtaining written informed consent from
patients or their caregivers.

The sample size was calculated using the WHO sample
size calculator with a 10% level of significance and 80%
power based on findings reported by Xue et al., who
observed good neurological outcomes in 9.43% of
patients undergoing early decompression and 1.07% in
the delayed decompression group.*3

Patients of both genders aged 18-60 years presenting
with traumatic SCI involving the cervical or thoracic
spine and classified as ASIA Impairment Scale (AIS)
grades A to C were included. SCI diagnosis was
confirmed through CT or MRI demonstrating vertebral
fractures, ligamentous instability, and/or spinal cord
compression.*4

Patients with penetrating spinal injuries (gunshot or stab
wounds), malignancy, cerebrospinal fluid infection, ASA
grade >2, clinical or subclinical polyneuropathy,
pathological fractures, cognitive impairment, or previous
history of spinal column injury or SCI were excluded.

Baseline clinical history, neurological examination, and
AIS grading were recorded at enrollment. Patients were
categorized into early and delayed decompression groups
according to the time of hospital presentation after injury.
Patients presenting within 24 hours were assigned to the
early decompression group, whereas those presenting
after 24 hours were included in the delayed
decompression group.®
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Surgical decompression was performed by consultant
neurosurgeons with at least three years of teaching
experience. A standard posterior midline approach with
laminectomy and spinal cord decompression was
performed, with removal of compressive elements when
required. Spinal stabilization was performed when
indicated. Standard postoperative care was provided to all
patients. Neurological outcomes were assessed three
months after surgery using the ASIA Impairment Scale.
Patients demonstrating improvement of at least two AIS
grades from baseline were classified as having a good
neurological outcome.

Data were analyzed using SPSS version 25. Quantitative
variables were presented as mean + standard deviation,
while qualitative variables were presented as frequencies
and percentages. Outcomes between early and delayed
decompression groups were compared using the chi-
square test. Stratification analysis was performed for
potential effect modifiers. A p-value <0.05 was
considered statistically significant.

Results

Analysis of the gathered data showed that the mean age
of the study population was 39.28+12.3 years and the
mean BMI was 26.40+5.38 kg/m2. The study population
consisted of 44 (50%) male and 44 (50%) female
patients. The delayed decompression group included 25
(56.8%) females and 19 (43.2%) males, whereas the early
decompression group included 19 (43.2%) females and
25 (56.8%) males. Patients were categorized according to
BMI, with normal BMI observed in 36 (40.9%) patients,
overweight in 27 (30.7%), and obesity in 25 (28.4%).
Falls were the most common etiology of trauma,
observed in 29.5% of all patients, followed by physical
assault (25%), RTA (22.7%), and sports injuries (22.7%).
The baseline demographic and clinical characteristics of
both groups are presented in Table 1.

At three months follow-up, 24 (27.3%) patients achieved
good neurological outcomes based on improvement of at
least two AIS grades. Among these, 15 (34.1%) patients
belonged to the early decompression group, while 9
(20.5%) patients belonged to the delayed decompression
group. (Figure 1)

Although a higher proportion of patients in the early
decompression group achieved good neurological
recovery compared with the delayed group, the difference
was not statistically significant (34.1% vs. 20.5%; p =
0.151). Stratification analysis was performed to evaluate

Table I: Frequency distribution of various qualitative
variables in both study arms . (n=88)

. Delayed Early n Total n
Variable  Category n (%) %) (%)
Gender  _Female  25(56.8) 19(43.2) 44(50.0)

Male 19 (432) 25(56.8) 44 (50.0)
Age <40
Grop Years 23(52.3) 21 (47.7) 44 (50.0)
(years)  40-60 21(47.7) 23(52.3) 44 (50.0)
Normal 21 (47.7) 15(34.1) 36(40.9)
BMI Overweig
Category  ht 11(25.0) 16 (36.4) 27 (30.7)
Obese 12(27.3)  13(295) 25 (28.4)
Residenti _ Rural 23(52.3) 21 (47.7) 44 (50.0)
al Status  Urban 21 (47.7) 23(52.3) 44 (50.0)
 <B0K 18 (40.9) 16 (36.4) 34 (38.6)
g”f‘”c'a' 50-200K 11(25.0) 16 (36.4) 27 (30.7)
atus >200K  15(34.1) 12(27.3) 27 (30.7)
Fall 15(34.1) 11(25.0) 26 (29.5)
Physical
Etiology  peseye  8(182)  14(318) 22(250)
of
Trauma ETAt 12(27.3) 8(182)  20(22.7)
ports
Injury 9(205) 11(25.0) 20 (22.7)
. A 16 (36.4) 19 (43.2) 35 (39.8)
Baseline g 18(40.9) 18 (432) 36 (40.9)
C 10 (22.7) 07 (13.6) 17 (19.3)
A 12 (27.3) 11(25.0) 23(26.1)
Postonera B 13(29.5) 12 (27.3) 25 (28.4)
tiVZ Aﬁs C 16 (36.4) 11(25.0) 27(30.7)
D 01(2.3) 04(9.1) 05 (5.7)
E 02 (45) 06 (13.6) 08 (9.1)
Duration <12 9(205) 9(205)  18(20.5)
of 1224 17 (38.6) 18 (40.9) 35 (39.8)
Trauma
Hrs) >24 18 (40.9) 17(38.6) 35 (39.8)

Study
Groups
EDslayed
WEary

a0

Count

Good Poor

Outcome

Figure 1. Comparison of outcomes among both study
groups

the effect of potential confounding variables, including
gender, age, BMI, residential status, financial status, and
injury etiology. A higher proportion of good outcomes
was observed in the early decompression group across
most categories; however, none of the differences
reached statistical significance. (Table I1)
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Table I1: Stratification analysis of study outcome for various effect modifiers

Good Outcome Delayed n

Good Outcome Early n

Variable Category %) (%) p-value
Female 6 (24.0) 7 (36.8) 0.355

Gender Male 3(15.8) 8 (32.0) 0.219
18-39 yrs 5(21.7 7333 0.388

Age Group 40-60 zrs 4 519.0; 8 §34.8§ 0.242
Normal 4 (19.0) 5(33.3) 0.329

BMI Obese 2 (16.7) 5 (38.5) 0.225
Overweight 3(27.3) 5 (31.3) 0.824

o Rural 7 (30.4) 8(38.1) 0.592
Residential Status Urban 2(95) 7(30.4) 0.086
<50K 5(27.8) 7 (43.8) 0.331

Financial Status 50-200K 3(27.3) 4 (25.0) 0.895
>200K 1(6.7) 4 (33.3) 0.076

Fall 4(26.7) 1(9.1) 0.261

. Physical Assault 0 (0.0) 5 (35.7) 0.054
Etiology RTA 3 (25.0) 3 (37.5) 0.550
Sports Injury 2(22.2) 6 (54.5) 0.142

The relatively low overall rate of favorable neurological
recovery may be attributed to the severity of baseline
neurological impairment, as 80.7% of patients presented
with AIS grade A or B injuries. Additionally, delayed
presentation, injury heterogeneity, and limited sample
size may have influenced the observed outcomes.

Discussion

Despite increasing evidence supporting early surgical
decompression for traumatic spinal cord injury (TSCI),
the optimal timing of surgery remains controversial.
Previous studies have reported variable results, with some
demonstrating significant neurological improvement after
early decompression, while others have failed to show a
statistically significant difference compared with delayed
intervention.'6

The current study involved a comparison of neurological
results in early versus delayed surgical decompression
among patients with acute TSCI in a tertiary healthcare
institution. In our sample, 24 (27.3%) patients had good
neurological results, which were characterized by an
improvement in at least two AIS grades within three
months. Even though good results were more common in
the early decompression group than in the delayed
decompression group (34.1% vs. 20.5%), this difference
was not statistically significant (p = 0.151).17 Similar
findings were reported by Badhiwala et al., where early
decompression showed a greater improvement in lower
extremity motor score in unadjusted analysis (mean
difference 4.3; 95% CI —0.3 to 8.8), but after adjustment
for baseline LEMS, AIS grade, and propensity score, the
difference decreased to 2.2 (95% CI —1.5 to 5.9) and

remained non-significant. These findings suggest that
baseline injury severity and other patient factors may
influence the observed effect of surgical timing.17-18

The absence of a statistically significant difference
between early and delayed decompression in our study
may be influenced by several clinical and methodological
factors. Baseline injury severity, particularly initial AIS
grade, plays a major role in neurological recovery. In our
cohort, most patients presented with severe injuries (AIS
A and B), limiting the potential for improvement despite
early surgery. Similar findings were reported in previous
studies where, despite greater baseline neurological
impairment in the early group (n=126) compared with the
late group (n=100), no significant differences were
observed in one-year WHOQOL-BREF outcomes,
including physical (65.2 vs. 65.6, p=0.868) and
psychological domains (68.0 vs. 68.6, p=0.806).'° These
findings suggest that baseline injury characteristics may
influence outcomes and partly explain the lack of
significant differences between groups. Furthermore, the
relatively small sample size and limited number of
patients achieving good recovery in our study may have
reduced statistical power.1%%

In addition, variations in baseline parameters like time of
presentation to the hospital, cause of injury, timing of
surgery, postoperative rehabilitation, and supportive care
can affect the recovery of neurologic deficits independent
of the timing of decompression. Variation in these
baseline factors among studies may explain why some
large multicenter studies have shown significant
advantages of early surgery, while smaller single-center
studies, such as our study, have demonstrated a trend
towards improvement without reaching statistical
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significance. Hence, the results may be considered as an
indication of a possible advantage of early decompression
despite the recovery being dependent on many factors
other than just the timing of surgery.?

Our results do not show any statistical significance;
however, this does not necessarily mean that early
decompression is ineffective; on the contrary, our
findings demonstrate the intricacies involved in
neurological recovery after TSCI. Further multicenter
research with more subjects, adjusting for initial injury
severity, use of uniform rehabilitation program, and
follow-up is necessary to establish the impact of surgical
timing. %

The results are consistent with the existing literature
supporting the trend towards early decompression with
no differences in neurologic improvement. In a meta-
analysis, early surgery was associated with a decreased
length of hospital stay (MD = —2.31 days; 95% CI: —4.18
to —0.43; p = 0.02) and lower incidence of postoperative
complications (OR = 0.70; 95% CI: 0.55-0.89; p =
0.003); however, the early decompression group
demonstrated no significant improvement in ASIA scores
outcomes.?! In ultra-early surgery patients operated
within 8 hours after injury, significant improvement in
ASIA outcomes (OR = 2.64; 95% CI: 1.29 -- 5.40; p =
0.008) was found. The failure to achieve statistical
significance may be explained by the small number of
participants in the trial, good recoveries, and severe
injuries — 80.7% of our patients had AIS A or B
injuries.?-24

Prior research has found greater advantages from early
decompression. According to the STASCIS trial results,
patients who underwent surgical treatment within 24
hours had significantly greater chances of having at least
a two-grade AIS improvement than those operated on
later. On the contrary, the trend was similar in our study,
but no statistically significant results were found. The
divergence of results in our study and STASCIS can be
associated with various factors, such as population,
number of participants, severity of injuries, medical
resources, and rehabilitation facilities. STASCIS was
conducted on a larger multicenter population, which gave
additional statistical significance.?®

Likewise, better neurological outcomes in patients who
were treated using early decompression, with a
significantly larger number of patients having at least two
AIS grades improvement at 12 weeks than those who
underwent late surgery. Despite the fact that our study

demonstrated a greater recovery in the early treatment
group, the difference was less significant and
insignificant.?® The differences might be associated with
the varying characteristics of the patients’ injury,
presentation time and initial neurological state.?5% Many
of our patients had very serious injuries and had a late
admission to the hospital.?>-%

Most meta-analyses have also shown evidence to suggest
that early decompression could help in achieving
neurological benefits. Badhiwala et al. found that patients
who had surgery done in less than 24 hours showed better
sensorimotor recovery, whereas various other systematic
reviews have indicated that early decompression could
offer some neurological benefit without the occurrence of
any surgical complications. Several studies have also
highlighted inconclusive evidence, especially in
conditions when there is delay in presentation, absence of
emergency facilities, and limited rehabilitation facilities.
These results correspond with our findings wherein we
got a trend favoring early decompression but it did not
prove significant.?’

Our results show an overall low percentage of
neurologically favorable recovery among patients. A
number of variables could explain this result. Firstly,
most of the subjects had a very severe level of
neurological injury, most of which were graded A or B. It
has been seen that there is a higher chance of
neurological recovery in incomplete injuries (C and D)
than in complete injuries. Secondly, delayed presentation
might have made secondary injuries like ischemia,
inflammation, and apoptosis occur before decompression
was done.?®

In this study, 79.5% of the subjects came after 12 hours
of trauma; thus, reducing the possibility of any
neurophysiological benefit associated with early surgical
procedure. Thirdly, variation in causative agents of injury
such as falls, road traffic accidents (RTAs), physical
assaults, and sport-related injuries could have led to the
variability in injury severity. 2°

In the subgroup analysis performed in our study, there
was a definite tendency towards better neurological
results in favor of the early decompression group for
several parameters, namely age, gender, BMI, living
conditions, financial conditions, and cause of trauma. But
none of these differences reached the level of statistical
significance. So these results should be taken into
consideration with caution. Younger patients have had
somewhat higher rates of recovery which is in line with
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the existing literature stating the possibility of higher
neuroplasticity, lower presence of co-morbidities, and
increased opportunities for rehabilitation in case of young
age.*°

The current study is an important source of local
information on the time of surgery in patients with acute
spinal cord injury in a tertiary center in Pakistan.
Advantages of the current study include standardized
neurological examination by the use of AIS scoring
system, equal distribution of patients in both the groups
and investigation of multiple effect modifiers. The
conclusions need to be taken in consideration of certain
weaknesses of the study like one center, small sample
size, lack of any functional assessment tool such as SCIM
and adjustment for factors like ICU care and polytrauma.

On the whole, this study findings have shown that early
decompression is associated with better chances for
neurological recovery than delayed surgery, but the
difference is not statistically significant. We can conclude
that there is a need to evaluate SCI patients in time and
take appropriate actions, although we should not forget
that neurological recovery depends on many other aspects
as well.

LIMITATIONS: Despite the various strengths, some limitations
are required to be recognised. The sample size was small so
statistical power was limited. Being a single center study, the
generalizability is limited. No long-term functional outcomes
and rehabilitation metrics were assessed. Heterogeneity of
spinal injuries and delayed presentations may have been a
contributing factor to neurological recovery. Additionally,
unmeasured variables like ICU care, physiotherapy intensity
and associated polytrauma were not controlled.

Conclusion

Early surgical decompression in traumatic spinal cord
injury showed a higher percentage of good neurological
outcome as compared to delayed intervention; however,
the difference was not statistically significant. Early
surgery was linked to favorable trends across most of the
demographic and clinical categories, based on
stratification analysis; patients living in low-income
were, in particular, related to a statistically significant
benefit. The results indicate that early decompression can
be useful in clinical situations, particularly in resource-
scarce situations. However, it is important to note that the
severity of the damage at baseline and time of
presentation can have a major effect on neurological
recovery. The effect of the timing of spinal surgery on
neurological and functional outcome after traumatic

spinal cord damage should be better known because of
larger multicenter studies with long-term follow-up.
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