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ABSTRACT

Background: Forensic investigations in Pakistan that have climatic diversity require accurate estimation of postmortem interval
(PMI). Environmental variability makes traditional physical methods unreliable, and as a result biochemical methods using
postmortem fluids are used.

Objective: This study aimed to compare the efficacy of vitreous humor and cerebrospinal fluid (CSF) biochemical markers as
complementary tools in the estimation of PMI in a forensic setting.

Methods: n=60 medico-legal autopsy cases were studied prospectively in the Forensic Medicine Departments of Jinnah
hospital and Mayo hospital, Lahore, Pakistan. Minimal decomposition and lack of confounding ocular or CNS pathologies were
ensured by inclusion and exclusion criteria. CSF and vitreous humor samples were obtained at autopsy within 12 hours
postmortem. Vitreous humor potassium, glucose, and lactate levels were measured with ion-selective electrodes, and CSF
levels of neuron-specific enolase (NSE) and S100B were determined by ELISA. Ambient temperature and humidity were used
as covariates in statistical analyses, including Pearson correlation and multiple linear regression.

Results: Vitreous potassium had a strong positive correlation with PMI (r = 0.85, p < 0.001), explaining 72% of the variance in
PMI. The level of S100B was not statistically significant while CSF NSE moderately correlated with an R2 value of 0.45 (r = 0.68,
p = 0.002). These results demonstrate that vitreous potassium is a superior predictor of PMI than CSF markers, which provide
complementary information on central nervous system degradation.

Conclusions: The results support the use of vitreous humor as the primary fluid for biochemical PMI estimation with CSF
markers being useful adjuncts, especially in cases of CNS pathology. Forensic time of death determinations in Pakistan may be

improved with a dual fluid approach adjusted for local environmental conditions.
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INTRODUCTION

Forensic investigations of regions with diverse climatic conditions
such as in Pakistan rely heavily on the accurate estimation of the
postmortem interval (PMI), which is a cornerstone of forensic
investigations®. Finally, conventional techniques relying on the
physical indicators of rigor mortis, livor mortis, and algor mortis are
heavily dependent upon environmental factors, individual
physiology, and local weather extremes, resulting in inconsistent
results. This demonstrates the need for more objective and reliable
methodologies in forensic practice?.

Recent advances in forensic biochemistry have focused
analysis of biochemical markers present in postmortem biological
fluids. Of these, vitreous humor and cerebrospinal fluid (CSF) have
proved to be promising matrices for PMI estimation because they
are relatively isolated from systemic changes that occur shortly
following death®. The vitreous humor is a reliable medium where
one can study the progressive diffusion of intracellular components
such as potassium which has a predictable increase in
concentration after death. On the other hand, CSF is a good
source of information about CNS degradation and metabolic
changes, which may indicate rapid biochemical changes that
cannot be observed in other fluids®.

The integration of biochemical methods in the context of the
Pakistani forensic services is very important where the forensic
services are adapting to work under the resource and
environmental constraints and the integration of biochemical
methods could increase the accuracy of PMI estimation®. Recent
regional studies have reported encouraging trends regarding the
use of vitreous potassium dynamics and CSF neuronal markers to
support time of death assessment. However, there is not much
comprehensive research comparing the two fluids locally®.

The objective of this study was to critically and
comparatively evaluate the utility and reliability of such biochemical
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markers in vitreous humor and CSF in Pakistan’. This study aimed
to examines temporal profiles of key electrolytes and metabolites
in both fluids to develop a more accurate model for PMI
determination that incorporates the idiosyncratic environmental
and infrastructural factors in the region. This study is expected to
ultimately contribute to the refinement of forensic methodologies in
Pakistan as it will help the quality of legal and investigative
outcomes and the field of forensic science to grow within the
country®.

MATERIALS AND METHODS

Study Design and Setting: This was a prospective comparative
study that was evaluated over a period of 12 months (June 2022 till
June 2023) in the Forensic Medicine Departments of Jinnah
hospital and Mayo hospital, Lahore, Pakistan. The study was
designed to evaluate and compare postmortem biochemical
profiles of vitreous humor and cerebrospinal fluid (CSF) for the
improvement of the estimation of postmortem interval (PMI).
Ethical Considerations: The study received approval from the
Institutional Ethics Committees of both participating institutions. It
was conducted in accordance with the ethical principles outlined in
the Declaration of Helsinki and national regulations governing
research on human tissues. Informed written consent was obtained
from the legal next of kin after providing detailed information about
the study’s objectives, procedures, and data confidentiality. To
maintain anonymity, all personal identifiers were removed, and
each case was assigned a unigue code.

Case Selection: According to strict inclusion and exclusion
criteria, a total of n=60 consecutive medico-legal autopsy cases
were included. The cases had to have a reliable time of death
based on scene investigation and circumstantial evidence, minimal
decomposition to preserve biochemical integrity, and the ability to
obtain both vitreous humor and CSF without significant
contamination. Cases were excluded if they had extensive ocular
trauma, preexisting ocular pathology, advanced decomposition
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which might affect marker stability, or known/suspected central
nervous system pathology that might confound CSF marker levels.
Sample Collection: Immediately after autopsy, vitreous humor
was aspirated from each eye using a sterile 21 gauge needle
introduced laterally in order to minimise contamination. One to two
milliliters per eye was obtained per eye, the samples were pooled
into prelabeled sterile vials to minimize variability. To obtain CSF, a
suboccipital puncture of the cisterna magna was made using a
sterile spinal needle with 2-3 mL collected in prelabeled sterile
containers. Both fluids were sampled within 12 hours postmortem
to reduce the effects of decomposition.

Sample Handling and Storage: The all collected samples were
cooled in refrigerated environment at 4 °C and transported to the
forensic biochemistry laboratory within two hours. Samples were
aliquoted prior to arrival, to avoid repeated freeze thaw cycles and
stored at —20°C until analysis. The biochemical markers were kept
stable by only one freeze-thaw cycle for each sample.
Biochemical Analysis: The biochemical analysis consisted of
protein markers, electrolytes, and metabolites quantification.
Vitreous humor and CSF potassium levels were determined by
using an ion-selective electrode (ISE) analyzer with daily
calibration with a certified standard solution to keep intra and inter-
assay coefficients of variations below 5%. The concentrations of
glucose and lactate were quantified by HPLC with UV detection
employing standard curves prepared with certified reference
standards and duplicate analyses to ensure reproducibility.
Neuron-specific enolase (NSE) and S100 calcium-binding protein
B (S100B) levels were determined in CSF samples using
commercially available ELISA kits validated for forensic use and
each assay was performed in triplicate and read at 450 nm
wavelength in a calibrated microplate reader.

Quality Control and Data Analysis: Blank samples, duplicate
analyses, and standard reference materials were incorporated into
every assay run to maintain quality control. The SPSS software
(version 25) was used in the recording and statistical analysis of
data. All variables were computed for descriptive statistics and
regression models were developed for the concentration of
biochemical markers and the estimated PMI. In the analysis,
ambient temperature and humidity recorded at the time of sample
collection were included as covariates. Statistically significant was
considered as a p-value of less than 0.05.

RESULTS

The postmortem biochemical profiles of vitreous and cerebrospinal
fluid (CSF) were compared in 60 medico legal autopsy cases. In
the following sections, the demographic characteristics,
environmental conditions, biochemical markers levels and the
statistical analysis performed in order to assess the correlation
between these markers and the postmortem interval (PMI) are
described.

Demographic and Environmental Data: The mean age of the
study population was 35+ 10 years 66.7% (n=40) of cases were
male and 33.3% (n=20) were female. The ambient temperature at
the time of autopsy was 28+2°C and relative humidity was
60+5%. Subsequent analyses included these variables as
covariates.

Table 1: Demographic and Environmental Characteristics (n=60)

Parameter Value/Description

Mean Age (years) 35+10

Sex Male: 40 (66.7%), Female: 20 (33.3%)
Ambient Temperature 28+2°C

Relative Humidity 60+5 %

The demographic profile and environmental conditions of the
study cases are presented in explanation, Table 1. The male cases
predominate the data and the environmental conditions are
consistent which are important in adjusting the regression models
used in PMI estimation.

Biochemical Marker Levels: Both vitreous humor and CSF were
measured for the levels of various biochemical markers. Table 2
presents the mean values and standard deviations of the key
markers. Vitreous potassium, a well-known marker for PMI, had a
mean of 12.5+2.5 mmol/L, vitreous glucose, and lactate at 40 + 10
mg/dL (3.3%1.1 mmol/L), respectively. Potassium levels in CSF
were lower (9.8 + 1.5 mmol/L) than in vitreous humor. CSF analysis
included neuronal markers such as neuron-specific enolase (NSE)
with a mean level of 28.5+6.2 ng/mL, and S100 calcium-binding
protein B (S100B) with a mean level of 0.75+0.18 pg/L.

Table 2: Biochemical Marker Levels in Vitreous Humor and CSF

Biochemical Marker Vitreous Humor CSF
Potassium (mmol/L) 12.5+2.5 9.8+1.5
Glucose (mg/dL) 40+10 —

Lactate (mmol/L) 58+1.2 —
Neuron-Specific Enolase (ng/mL) — 28.5+£6.2
S100B (ug/L) — 0.75+0.18

In the two fluids, the mean biochemical concentrations are
summarized in Table 2. However, biochemical profiles between
vitreous humor and CSF support the notion of different biochemical
profiles that could enable a more accurate PMI estimation.
Statistical Analysis and Correlation with PMI: A Pearson
correlation analysis was done to assess the relationship between
the biochemical markers and the estimated PMI. A strong positive
correlation was also observed between vitreous levels of
potassium and PMI (r = 0.85, p < 0.001). Likewise, NSE levels in
CSF had a moderate correlation with PMI (r = 0.68, p = 0.002)
while S100B was not statistically significant (r = 0.42, p = 0.06).

Moreover, PMI was predicted with multiple linear regression
analyses. The regression coefficient of the regression model using
vitreous potassium as a predictor was 0.95 (p < 0.001) and the R?
value was 0.72 (which implies that 72% of the variability in PMI
could be explained by vitreous potassium levels). The CSF NSE
levels were used in a separate regression model, and the
regression coefficient was 0.32 (p = 0.003), and the R? value was
0.45.

Table 3: Regression Analysis for Predicting Postmortem Interval (PMI)

Predictor Regression Standard p-value R2
Coefficient Error

Vitreous Potassium 0.95 0.12 <0.001 0.72

CSF Neuron-Specific 0.32 0.10 0.003 0.45

Enolase (NSE)

The results of the linear regression analysis are explained in
Table 3 with significant results for vitreous potassium (R2=0.69)
which is a robust predictor of PMI, and CSF NSE (R2=0.56)
contributes significantly but explains a lesser part of the variability.
In these models, both fluids give valuable information but vitreous
humor may be the more reliable fluid to use in estimating PMI
when dealing with forensic investigation in Pakistan.

The results show that vitreous potassium levels have a
strong and statistically significant correlation with the postmortem
interval, which makes them a good parameter to estimate PMI.
Although NSE correlates with PMI in CSF as well, its predictive
value is much decreased compared to that of CSF markers. This
supports the use of a dual fluid approach in forensic investigations
where vitreous humor is the primary matrix for PMI estimation, and
in cases where additional central nervous system information is
needed, CSF markers.

DISCUSSION

In the present study, we show that vitreous humor and
cerebrospinal fluid (CSF) have different biochemical profiles that
can be used to estimate postmortem interval (PMI). First, we
demonstrate that vitreous potassium levels have a strong positive
correlation with PMI (r = 0.85; p < 0.001), and therefore vitreous
potassium levels can serve as a reliable marker in forensic
investigations®. This observation is substantiated by the regression
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model, which explains 72% of the variability in PMI using vitreous
potassium. These results are consistent with previous studies that
have demonstrated the consistent increase of potassium
concentration as a reliable time-since-death indicator®® 1,

In contrast to the PMI, the CSF markers, especially neuron-
specific enolase (NSE), showed a moderate correlation with PMI (r
= 0.68, p = 0.002) and accounted for 45% of the variability.
Although the biochemical markers of CSF offer important
information (and especially those about the CNS) their predictive
value is lower than that of vitreous potassium*2. While there was a
trend toward a correlation of the S100B levels in CSF to PMI (r =
0.42, p = 0.06), this was not statistically significant, implying that
S100B may not be a useful single marker for PMI*3,

Environmental factors, such as ambient temperature and
humidity, that were continuously recorded during sample collection
are integrated to further improve the robustness of our predictive
models. As different climatic conditions are encountered in
Pakistan, it is important to account for these variables while
estimating PMI to ensure the reliability and reproducibility of PMI
estimates?*. The results highlight the value of adopting a dual-fluid
approach in forensic investigations. Despite the unstable nature of
vitreous humor and its lower predictive value, vitreous humor is the
standard matrix for estimating PMI due to its stability, but CSF
analysis may be an advantageous supplement, especially in cases
where CNS pathology or trauma may confound traditional vitreous
markers?® 16,

Additionally, our study underscores the necessity to
standardize sample collection, handling and analysis methods for
reducing the variability and increasing reproducibility of results.
This study adopted very stringent inclusion and exclusion criteria in
order to study only cases with minimal decomposition and no
significant confounding factors, to provide a clearer picture of the
biochemical changes postmortem?” 8,

CONCLUSION

Finally, the comparison of vitreous humor and CSF biochemical
markers shows that vitreous potassium levels are a good and
robust biomarker to estimate the postmortem interval in forensic
investigations. CSF markers such as neuron-specific enolase
(NSE) are valuable, especially regarding central nervous system
changes, but have a lower predictive power than vitreous
potassium. Utilizing the dual fluid approach along with the
consideration of environmental factors is a promising approach to
improving the accuracy of PMI estimations in the forensic context
of Pakistan. Refinement of these predictive models is warranted
with further research with larger sample sizes and more markers to
explore the integration of advanced statistical methodologies to
improve forensic analysis.
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