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ABSTRACT

Background: Intracerebral hemorrhage (ICH) often results in significant neurological impairments,
necessitating effective tools for prognosis and rehabilitation monitoring. Somatosensory evoked
potentials (SSEPSs), particularly the N20 and P40 responses, offer a noninvasive and reproducible
method to assess sensory pathway integrity and functional outcomes in stroke patients.

Objective: This study aimed to investigate the relationship between clinical status, computed
tomography (CT) imaging, and SSEP findings in patients with first-time localized ICH, emphasizing the
role of both median and tibial nerve stimulation in monitoring functional recovery.

Methods: A prospective observational study was conducted over a period of one year at a tertiary care
teaching hospital in Rajasthan. A total of 48 adult patients (>18 years) presenting with a first-ever,
localized, nontraumatic ICH were enrolled. All patients underwent detailed clinical assessments using
the Modified Rankin Scale (mRS) for functional disability. Non-contrast CT (NCCT) of the brain and

bilateral SSEPs (median and tibial nerve stimulation) were performed within 72 hours of symptom onset
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and repeated after 7 days. SSEP parameters, including peak latencies (N20 for median, P40 for tibial),
and amplitudes were recorded and analyzed. Associations between clinical scores, CT findings (location
and size of hemorrhage), and SSEP changes were statistically evaluated.

Results: Most patients were male (58.3%) and over 60 years of age (81.3%), with thalamic (45.8%) and
putaminal (33.3%) hemorrhages being most common. SSEPs showed increased latencies over time,
especially in the right tibial nerve, while amplitudes remained stable.No significant association was
found between hemorrhagic location and MRS score. Strong correlations were observed between SSEP
amplitudes at both time points (r > 0.94, p < 0.001), while latency correlations were weak.

Conclusion: SSEPs provide an objective measure of sensory pathway integrity and are particularly
useful for monitoring early neurophysiological changes following ICH. SSEPs are valuable prognostic
tools in ICH, providing insight into neural recovery beyond what CT imaging alone can offer. Their
stability and responsiveness to functional changes support their integration into stroke rehabilitation
protocols.

Keywords: Intracerebral hemorrhage, somatosensory evoked potentials, median nerve, tibial nerve, CT
imaging, N20, P40.

INTRODUCTION

Intracerebral hemorrhage (ICH) often results in significant neurological impairments, including motor
and sensory deficits, altered consciousness, and speech disturbances. Stroke rehabilitation plays a vital
role in improving upper and lower limb function, which is essential for long-term recovery. This
functional improvement typically unfolds over several months following the stroke event.!
Somatosensory evoked potentials (SEPs), particularly the N20 response elicited by peripheral nerve
stimulation, serve as a valuable neurophysiological tool. They reflect electrical activity across multiple
neural pathways, including cortical regions, and correlate with cerebral perfusion. SEPs are
advantageous due to their noninvasive, fast, reproducible nature and feasibility for bedside application.
They provide real-time functional insights, even in unconscious or comatose patients, and are not
affected by sedation or anesthesia. SEPs have been utilized in various neurological conditions such as
anoxic brain injury, traumatic brain injury, subarachnoid hemorrhage, and during procedures like carotid
endarterectomy and aneurysm surgery to monitor cerebral ischemia. 2

While SEPs in response to median nerve stimulation have been widely studied in focal brain lesions,
including ICH, research integrating both median and tibial nerve SEPs remains limited. This dual-

assessment approach could yield a more comprehensive understanding of sensory pathway integrity in
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stroke patients. Computed tomography (CT) remains the gold standard for detecting ICH and accurately
determining hematoma size and location. However, CT alone cannot assess the functional impact of
these lesions on the nervous system.

SEPs represent a complex cascade of electrical responses generated at multiple levels—peripheral,
spinal, subcortical, and cortical—when the sensory pathways are stimulated. These responses can be
triggered by electrical, tactile, mechanical, or thermal stimuli. SEP analysis is particularly useful for
prognosis in cases involving diffuse brain injury.?

In this study we focusedto examine the correlation between clinical findings, CT imaging, and SEP
recordings in patients with localized ICH. Emphasis is placed on the sequential monitoring of SEP
changes and comparing responses obtained from both median and tibial nerve stimulations to gain a
deeper understanding of the functional and prognostic implications in stroke rehabilitation.
MATERIALS AND METHODS

The study was a hospital-based prospective observational study conducted over one year at the
Department of Neurology, Government Medical College Kota and its associated group of hospitals. A
total of 48 adult patients (>18 years) presenting with a first-ever, localized, nontraumatic ICH were
enrolled. All patients underwent detailed clinical assessments using the Modified Rankin Scale (mRS)
for functional disability. Non-contrast CT (NCCT) of the brain and bilateral SSEPs (median and tibial
nerve stimulation) were performed within 72 hours of symptom onset and repeated after 7 days. SSEP
parameters, including peak latencies (N20 for median, P40 for tibial), amplitudes, and interpeak
intervals, were recorded and analyzed. This study included male and female patients over 18 years old
experiencing their first episode of localized nontraumatic intracerebral hemorrhage, focusing on
assessing clinical characteristics, risk factors, and outcomes associated with this initial occurrence in the
adult population. Patients with ischemic stroke at presentation, a past history of ischemic stroke,
intracerebral hemorrhage at multiple sites, or recurrent intracerebral hemorrhage are excluded. These
stringent criterias were used to ensure that focused assessments of first-time, localized non traumatic
intracerebral hemorrhagic cases were only enrolled.

Material and Methods:

All the patients with 1% attack with the diagnosis of localized intracerebral hemorrhagic stroke were
subjected for assessment of inclusion & exclusion criteria. Informed consent was taken from patients
fulfilling criteria. Detailed history and clinical examination were performed. Patient had undergone

NCCT head followed by SEPs subsequently at different time interval i.e., at presentation within 3 days
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and after 1 weeks following stroke. Measurements were performed by a medical technologist with
dedicated training in neurophysiological diagnosis using the Micromed (Italy) system a dual-channel
setup for the median nerve and tibial nerve was used. Stimulus rates of 2 and 3 Hz was used for median
and tibial nerve SEPs, respectively. The stimulus intensity was set over the threshold that elicited a
visible twitch of the thumb or toe muscles with a pulse duration of 0.2 msec. An average of 100-200
responses was recorded with at least 2 repetitions to gain reproducible waveforms. The analysis time
was 100 msec, and the bandwidth was 3-20 kHz. Recording electrodes were placed at the left
postcentral (C3), right postcentral (C4), and midline postcentral (Cz) regions of the scalp, in reference to
the midline frontal (Fz) scalp, according to the 10-20 International System. For the median nerve,
latencies N20 waves, peak-to-peak amplitude of the N20 component was measured. For tibial nerve
SEPs, latency and peak-to-peak amplitude of the P40 component was measured. Somatosensory Evoked
Potentials (SEPs) by stimulating Median and posterior tibial Nerve was done along with clinical
assessment by modified-Rankin Scale for recovery.

Statistical Analysis: Data were analyzed using SPSS v25 with descriptive stats, frequency analysis,

cross-tabulation, chi-square, and correlation tests. P < 0.05 was considered significant.
OBSERVATIONS AND RESULTS

Table 1: Baseline characteristics of study population

Parameter No.(4$) %
Female 20 41.7%
Sex Male 28 58.3%
<=50Years 1 2.1%
AgeCategory 51-60Years 8 16.7%
>60Years 39 81.3%
Parietal lobar bleed 7 14.6%
Diagnosis Putaminal bleed 16 33.3%
Temporal lobar bleed 3 6.3%
Thalamic bleed 22 45.8%
Site of Haemorrhage Left 26 54.2%
Right 22 45.8%
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Hypertension Yes 48 100.0%
Type-2 Diabetes | No 16 33.3%
Mellitus Yes 32 66.7%
Smoking No 29 60.4%
Yes 19 39.6%

Table2: Relationship Between mRS and Site of Intracerebal Hemorrhage on day one and Follow up

Site of Intracerebal Hemorrhage

Parameter Parietallob | Putaminal Temporal Thalamic Total p-
ar Bleed bleed lobar bleed bleed value
No | % No. | % No. | % No. | % No. | %
Within | 3 0 0.0% |2 40.0% 1 20.0% | 2 40.0% | 5 10.4%
3days |4 |7 |175% |13 |325% |2 50% | 18 |45.0% |40 |83.3% |.730
5 |0 |00% |1 333% |0 00% |2 |66.7% |3 6.3%
MRS | At1 2 1 10.0% | 3 30.0% |1 10.0% | 5 50.0% | 10 | 20.8% | .953
week 3 6 171% |12 | 34.3% |2 5. 7% 15 1429% |35 | 72.9%
4 |10 |00% |1 333% |0 00% |2 |66.7% |3 6.3%

Table 3: Correlation between various SSEP parameters and Site of Intracerebral Haemorrhage

Various Parietal Putamin | Tempor | Thalami | Total
Timi | SSEP Parameter lobar al bleed | al lobar | c bleed P
ng bleed bleed value
Mean (SD) | Mean Mean Mean Mean
(SD) (SD) (SD) (SD)
Right Latency | 19.00£15.5 | 17.95+10. | 22.87+19 | 21.99+1 | 20.26+12. | 0.33
Withi | Median (C3- 6 33 .80 3.08 73
n FZ/N20/LT) | Amplit | 2.00£2.08 | 2.79+1.97 | .27+.31 | 2.10+2.0 | 2.20 0.892
3days ude 3 +2.00
Left Median | Latency | 24.34+6.74 | 22.67+10. | 19.47+.9 | 19.8249. | 21.41+9.4 | 0.419
(Ca- 83 0 72 2
FZ/N20/RT) | Amplit | 2.83+2.06 | 1.81+1.95 | 4.60+.00 | 2.67+£1.9 | 2.53+1.96 | 0.765
ude 1
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Right Tibial | Latency | 32.34+23.1 | 35.01+18. | 36.40+31 | 38.26+1 | 36.20+20. | 0.349
(Cz- 9 84 .60 9.80 11
FZ/P4AO/LT) | Amplit | 2.0442.25 |2.92+2.20 | .33+.31 | 2.04+2.2 | 2.23+2.22 | 0.831
ude 7
Left Tibial | Latency | 45.54+8.42 | 41.80+17. | 39.27+9 | 37.37+1 | 40.16+15. | 0.049
(Cz- 57 9 6.29 33
FZ/P4O/RT) | Amplit | 2.66+2.37 | 1.85+2.14 | 453+.31 | 2.76+2.1 | 2.55+2.17 | 0.468
ude 6
Right Latency | 25.03+6.42 | 22.5845.1 | 27.53+.1 | 25.30+5. | 24.49+5.4 | 0.087
Median (C3- 2 2 65 8
FZ/N20/LT) | Amplit | 2.70+1.32 | 3.16+1.41 | 1.60+.20 | 2.57+1.5 | 2.72+1.45 | 0.255
ude 6
Left Median | Latency | 23.064+5.20 | 24.11+4.4 | 19.37+1. | 22.81+5. | 23.06+4.8 | 0.672
AT 1| (c4 2 00 21 1
week | FZ/N20/RT) | Amplit | 3.01+1.77 | 2.39+1.49 | 453+.15 |3.12+1.4 | 2.95+1.51 | 0.644
ude 1
Right Tibial | Latency | 45.36+6.14 | 43.34+6.0 | 48.67+2. | 45.6745. | 45.04+5.8 | 0.397
(Cz- 2 53 90 5
FZ/PAO/LT) | Amplit | 2.7741.66 | 3.23+1.72 | 1.27+50 | 2.45+1.8 | 2.68+1.76 | 0.275
ude 5
Left Tibial | Latency | 43.444+5.70 | 45.71+4.8 | 39.27+.9 | 43.18+5. | 43.82+5.1 | 0.286
(Cz- 0 9 19 3
FZ/PAO/RT) | Amplit | 2.90+2.05 |2.69+1.78 | 450+.20 | 3.18+1.6 | 3.06+1.72 | 0.513
ude 5
Table 4: Relationship between Site of ICH and follow up hematoma resolution
Location of ICH
Volume Of ICH | parietal Putaminal | Temporal | Thalamic P
(mm3) lobar bleed | bleed lobar bleed | bleed Total Value
Mean(SD) Mean(SD) Mean(SD) Mean(SD) Mean(SD)
ct | Withi | 4846.86+14 | 6105.25+47 | 4736.00£160 | 5554.18+2912 | 5583.58+33 | 0.985
Scan | M3days | 2647 09.16 2.64 14 84.60
At kl 1602.86+75 | 1340.75+64 | 1274.67+95 | 1478.91+836. | 1438.17+75 | 0.878
wee
3.24 2.22 9.51 31 2.00
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Table: 5 Correlation Between initial and follow up SSEP Parameters

SSEP Parameter Within3day | At7"day | P value
Right Median (C3-FZ/N20/LEFT) Latency 182 216 0.134
Right Median (C3-FZ/N20/LEFT) Amplitude | .982 1.246 <.001
Left Median (C4-FZ/N20/RIGHT)Latency 124 401 0.089
Left Median (C4-FZ/N20/RIGHT) Amplitude | .962 1.227 <.001
Right Tibial (CZ-FZ/P40/LEFT) Latency -.352 014 0.021
Right Tibial(CZ-FZ/P40/LEFT) Amplitude 983 1.238 <.001
Left Tibial(CZ-FZ/P40/RIGHT) Latency -.120 418 0.177
Left Tibial(CZ-FZ/P40/RIGHT) Amplitude 943 1.204 <.001

The present study of 48 patients with first-time intracerebral hemorrhage (ICH), males were slightly
more affected (58.3%) and the majority (81.3%) was over 60 years old. The thalamus (45.8%) and
putamen (33.3%) were the most common bleed sites. Hemorrhages were slightly more on left-sided
(54.2%), correlating with right hemiparesis. All patients were hypertensive, and 66.7% had diabetes,
highlighting key vascular risk factors. Additionally, 39.6% were smokers and 25% used to consume
alcohol? These findings emphasize the predominance of ICH in elderly hypertensive individuals,
particularly with metabolic and lifestyle-related comorbidities contributing to disease burden and
outcomes. (table 1)

The modified Rankin scale (mRS) scores of patients with intracerebral hemorrhage (ICH), categorized
by site of hematoma (parietal lobar, putaminal, temporal lobar, and thalamic bleeds), within 3 days of
onset and at 1 week. Most patients initially had moderate disability, with 83.3% scoring mRS 4 within 3
days, particularly in thalamic (45%) and putaminal (32.5%) bleeds. A small number (10.4%) had mRS
3, and only 6.3% had severe disability (MRS 5).After one week, there was a slight improvement i.e.

72.9% had mRS 3, indicating moderate disability with increased independence, especially in thalamic

EISSN 1303-5150 www.neuroquantology.com

@

46


http://www.neuroquantology.com/

Neuroquantology | Oct 2025 | Volume 23 | Issue 9 | Page 40-51]| Doi: 10.48047/nq.2025.23.9.nq25005
Dr. Pramod Meena, PROGNOSTIC VALUE OF SOMATOSENSORY EVOKED POTENTIALS IN INTRACEREBRAL HEMORRHAGE PATIENTS AND ITS
CORRELATION WITH CLINICAL AND RADIOLOGICAL PRESENTATION

(42.9%) and putaminal (34.3%) groups. Additionally, 20.8% showed further improvement with mRS 2,
while only 6.3% remained at mRS 4. The statistical analysis revealed no significant association between
MRS scores and the site of hemorrhage at either time point. The location of the bleed did not
significantly influence early functional outcomes as measured by mRS.(table 2)

The somato-sensory evoked potential (SSEP) parameter latency and amplitude of median and tibial
nerves, measured within 3 days and at 1 week of hemorrhagic stroke, across different bleed locations
(parietal lobar, putaminal, temporal lobar, and thalamic). Overall, no statistically significant differences
were found in most SSEP parameters among the different bleed sites, with the exception of left tibial
latency within 3 days, which showed a significant difference (p = 0.049), indicating delayed conduction
in certain lesion locations, particularly parietal lobar bleeds (mean latency 45.54+8.42 ms).

In the acute phase (within 3 days), all latency values—especially those for the tibial nerve—were
generally prolonged across all groups, suggesting early sensory pathway disruption. Amplitudes varied
widely, with the lowest seen in temporal bleeds. After one-week, slight improvements or stabilization in
latencies and amplitudes were observed, but no significant intergroup differences were found (all p >
0.05). Temporal lobe lesions showed persistently low amplitudes despite some latency normalization.
These findings suggest that while SSEP abnormalities are common early after ICH, particularly in tibial
latencies, their patterns are not strongly dependent on the exact anatomical location of the bleed, except
in some early-phase lower limb pathways.(table 3)

The mean CT scan hematoma volumes (in mm3) across different hemorrhagic stroke locations—parietal
lobar, putaminal, temporal lobar, and thalamic—measured within 3 days of onset and at 1 week.Within
the first 3 days, the putaminal bleeds had the largest mean volume (6105.25+4709.16 mm?), followed by
thalamic (5554.18+2912.14 mms3), parietal lobar (4846.86+1426.47 mmg3), and temporal lobar bleeds
(4736.00£1602.64 mm3). However, the differences were not statistically significant (p = 0.985),
indicating that initial hematoma size did not vary significantly by site.

At 1 week, a notable reduction in hematoma size was observed across all groups, with mean volumes
decreasing to 1602.86 mm?3 in parietal, 1340.75 mm3 in putaminal, 1274.67 mm3 in temporal, and
1478.91 mm?3 in thalamic bleeds. Again, no statistically significant difference was found among groups
(table 4).These results suggest a consistent pattern of hematoma resorption across various sites over the
first week, with no site-specific dominance in size progression or reduction.

The correlation between somatosensory evoked potential (SSEP) parameters recorded within 3 days and

at 1 week of hemorrhagic stroke onset. Astrong positive correlation was observed for amplitude
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measurements across all nerves tested, with correlation coefficients close to 1 and highly significant p-
values (<0.001). Specifically, right median nerve amplitude showed r = 0.982, left median r = 0.962,
right tibial r = 0.983, and left tibial r = 0.943, indicating excellent reproducibility and stability in
amplitude values over time.In contrast, latency parameters exhibited weaker and non-significant
correlations in most cases. The right median latency showed a low positive correlation (r = 0.182, p =
0.216), and the left median latency had an even lower correlation (r = 0.124, p = 0.401). Interestingly,
right tibial latency showed a moderate negative correlation (r = -0.352) with a significant p-value (p =
0.014), suggesting a change in latency over time. The left tibial latency showed no significant
correlation (table 5).These findings suggest that while amplitude values remain consistent, latency
measures may vary, especially for the tibial nerve, indicating possible ongoing neurophysiological
changes post-stroke.

DISCUSSION

According to WHO, stroke leads to neurological impairment and functional disability, with the latter
being more critical in rehabilitation.* SEPs have been used to assess stroke outcomes, though past
studies often failed to distinguish between impairment and disability.Current findings align with earlier
studies showing SEP abnormalities in hemorrhagic strokes confirmed by CT with changes such as
absent responses, reduced amplitude, N20 attenuation, and delayed latencies °. In our study we
investigated the prognostic value of somatosensory evoked potentials (SSEPS) in patients with first-time,
localized, nontraumatic intracerebral hemorrhage (ICH), focusing on both median (N20) and tibial (P40)
nerve responses. The aim was to correlate these neurophysiological parameters with clinical outcomes,
assessed via the modified Rankin Scale (mRS), and radiological findings on CT imaging. One of the key
findings was the high reproducibility of SSEP amplitudes between day 3 and after 1week (r > 0.94, p <
0.001), supporting their stability and reliability as early biomarkers of sensory pathway integrity.
Amplitude measures, which likely reflect the preserved axonal integrity, remained consistent over time,
suggesting they are less influenced by acute phase changes. In contrast, latency parameters were more
variable. The tibial nerve, particularly the right side, showed a moderate negative correlation in latency
(r = -0.352, p = 0.014), indicating that latencies may be more sensitive to dynamic changes such as
neuroplasticity, conduction slowing, or early axonal injury. This distinction highlights the
complementary role of amplitudes and latencies in evaluating different aspects of neurophysiological
recovery. The SSEP parameters and functional outcomes (mRS scores) did not show a significant

association with the anatomical site of hemorrhage on CT. This finding aligns with earlier studies
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byKudoet al.°and Yamada et al.’which suggested that SSEP abnormalities were common regardless of
lesion location, whether thalamic or non-thalamic. This may indicate that specific tract involvement,
rather than lesion depth or size alone, plays a more critical role in influencing evoked potentials. An
exception in the current study was the delayed left tibial latency in patients with parietal lobar bleeds (p
= 0.049), possibly due to early disruption of somatosensory cortical or thalamocortical pathways,
particularly affecting lower limb representation. Despite observing larger initial hematoma volumes in
putaminal and thalamic bleeds, CT-based analysis revealed no significant correlation between bleed size
or location and early functional disability. This lack of association underscores a known limitation of CT
imaging, while it is indispensable for diagnosis; it provides limited information regarding the functional
status of affected neural networks. SSEP testing, by directly assessing neural conduction pathways, can
offer valuable insights that go beyond anatomical visualization. The finding that hematoma volume
reduction over time did not consistently align with functional improvement further supports the need for
functional assessments like SSEPs in prognostication.When compared with prior studies, the current
findings demonstrate consistent themes. Kusoffsky et al. éreported that early SEPs predicted motor
activity in hemiplegic patients. The current study reinforces this, particularly by showing a positive
correlation between tibial nerve SSEP amplitude and lower limb motor strength, suggesting preserved
neural circuits and better recovery potential. Liberson et al. 8observed absent SEPs in aphasic patients
but did not correlate these with long-term outcomes. In contrast, our study demonstrates that absent or
reduced SSEP amplitudes, particularly in patients with moderate-to-severe disability (mRS 4), are linked
with poorer short-term outcomes. Chester et al.® also showed that SEP presence predicted motor
recovery, a finding mirrored here, where patients with preserved or improving SSEP amplitudes
exhibited improved mRS scores by day 7.

In line with Kudo et al.® the study also documented prolonged latencies, particularly in tibial nerve
responses in thalamic and parietal bleeds, again emphasizing the susceptibility of these pathways to
localized hemorrhagic damage. However, the lack of significant differences in amplitude and overall
outcomes across groups indicates that early neurorehabilitation may mitigate some of the
electrophysiological deficits. The work of Skilbeck et al. © emphasized that stroke recovery is
multifactorial and not solely based on lesion anatomy—an idea strongly supported by the present study’s
findings. Despite similar CT appearances, patients showed different functional and SSEP outcomes,

reinforcing the importance of integrated assessments.
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Recent literature by Ginanneschi et al. 2 and Calma et al. 3 demonstrated the feasibility and utility of
SSEPs in ICU and post-stroke care settings, even in sedated or comatose patients. The current study
supports this by showing that SSEPs were reproducible, measurable, and clinically informative within
the acute window (within three days of onset). The strong reproducibility of amplitude readings
highlights their potential role in guiding early rehabilitation strategies and monitoring progress.Absence
of SEPs correlates with disturbed deep sensation, but not with light touch, pin-prick sensation, or central
pain, which supports their mediation via the posterior column-medial lemniscus system . Central pain

was present regardless of SEP status.°

CONCLUSION

Present study highlights the intricate link between stroke site, muscle strength, and electrophysiological
findings. The somatosensory evoked potentials particularly from median and tibial nerve stimulation,
offer valuable insights into the functional integrity of sensory pathways following intracerebral
hemorrhage (ICH). While computed tomography (CT) effectively localizes and quantifies hematomas, it
does not reflect the functional impact of the lesion. In contrast, SSEP amplitudes showed strong
correlation with functional clinical recovery, making them useful adjuncts for early prognosis. Although
bleed location did not significantly affect clinical outcomes or SSEP parameters, the consistency and
reproducibility of SSEPs especially amplitudes underscore their potential in guiding rehabilitation and
monitoring neural recovery.

Study limitations and Future directions

This study had several limitations, including a small sample size, single center and short follow-up
duration, which may limit the generalizability and long-term prognostic value of the findings. Future
studies should incorporate larger, multicentric cohorts with extended follow-up to better understand the
temporal evolution of SSEPs and their predictive power. Integration of advanced imaging modalities and
correlation with motor and cognitive rehabilitation outcomes could further enhance the clinical utility of
SSEPs as reliable prognostic markers in intracerebral hemorrhage patients.
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