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Abstract: The pupil-to-iris ratio (PIR) may represent a novel postmortem biomarker for drug
influence, yet no standardized forensic method currently exists to quantify pupillary changes after
death. While the autonomic control of pupil size ceases postmortem, the residual effects of
pharmacological agents—particularly opioids and psychoactive substances—on pupillary diameter
remain understudied. This study aims to assess whether the PIR, measured via artificial intelligence
(Al)-assisted image analysis, can reflect perimortem drug intake. Methods: A retrospective analysis
was conducted on 60 eyes from 30 deceased individuals examined 24-36 hours postmortem. Only
cases with intact ocular structures and validated toxicological results were included. High-resolution
images of each eye were analyzed using ChatGPT Plus (OpenAl), a multimodal Al capable of
measuring pupillary and iridial diameters in pixels. PIR values were calculated and classified into
three categories: miosis (PIR < 0.33), mid-position (0.33 < PIR < 0.50), and mydriasis (PIR > 0.50).
Independent t-tests and Cohen’s d were used to compare PIRs between drug-positive and drug-
negative individuals. Results: A statistically significant reduction in PIR was observed in subjects
with confirmed heroin or morphine exposure (p < 0.05), consistent with their known miotic effects.
No significant differences were found in stimulant-positive cases. Overall, opioid use was associated
with lower PIR values, despite the confounding effects of polydrug intake and postmortem interval
variability. Conclusions: Al-based measurement of PIR offers a reproducible and non-invasive
method to evaluate drug-related pupillary changes postmortem. The pupil, quantified via PIR, may
serve as a novel forensic biomarker of opioid exposure, providing valuable adjunctive data in forensic
toxicology and death investigation. Further studies on larger cohorts are warranted to validate and
refine this approach.

Keywords: postmortem pupillary analysis; artificial intelligence in forensic medicine; Pupil-to-Iris
Ratio (PIR); opioid biomarkers; forensic toxicology

1. Introduction

The human pupil is a highly reactive anatomical structure whose size reflects the dynamic
interplay between parasympathetic and sympathetic inputs. Its diameter is modulated by ambient
luminance, accommodation, emotional state, cognitive load, and various pharmacological agents
acting on the central and autonomic nervous systems. In living individuals, the pupillary light reflex
(PLR) is a cornerstone of neuro-ophthalmologic assessment, but pupil size is also altered in the
context of systemic and neurological pathologies. Notably, encephalopathies, traumatic brain injury,
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and infections such as neurosyphilis may interfere with the integrity of the Edinger-Westphal
nucleus or its peripheral pathways, leading to persistent miosis, mydriasis, or irregular light
responses. [1-5] Trauma and increased intracranial pressure may cause unilateral dilation or fixed
pupils, while metabolic encephalopathies and poisoning are known to produce a variety of pupillary
abnormalities. [6-10] Among pharmacological agents, opioids such as morphine, heroin, and codeine
are well-documented to induce miosis through p-opioid receptor activation, with rapid onset and
dose-dependent effects. Conversely, stimulants (e.g., cocaine, amphetamines), anticholinergics,
serotonergic agents, and cannabinoids may cause mydriasis to varying degrees. Pupil diameter has
also been used experimentally as a non-invasive marker of central nervous system arousal, decision-
making, and fatigue. [11-14] Despite the recognized clinical value of pupillometry, no studies to
date have systematically investigated the persistence of drug-induced pupillary changes in the
postmortem interval (PMI). The traditional assumption holds that after death, with the cessation of
autonomic tone, the iris musculature relaxes and the pupil assumes a passive, mid-dilated position.
However, recent forensic research has begun to question this paradigm, pointing to potential residual
signs of pharmacological influence—particularly in the early to intermediate postmortem period. [15-
22] The aim of this study is to evaluate whether postmortem pupil size, measured through a scale-
independent pupil-to-iris ratio (PIR), may serve as a residual morphological marker of
pharmacological influence, particularly in cases of opioid and psychoactive drug exposure. This
objective is pursued through the implementation of an artificial intelligence-based method capable
of analyzing postmortem ocular images, classifying pupillary states, and correlating them with
toxicological findings. By doing so, we explore the possibility that the pupil, traditionally considered
diagnostically inert after death, may in fact retain measurable traces of antemortem or perimortem
neuropharmacological activity.

2. Materials and Methods

This retrospective observational study was conducted on a selected cohort of 30 deceased
individuals (n = 60 eyes), examined during forensic autopsies performed between 24 and 36 hours
after death. Only cases with intact ocular structures, preserved photographic documentation, and
validated toxicological analyses were included. All procedures were performed in accordance with
national forensic standards, and no identifying information was retained. High-resolution ocular
photographs were acquired under standard morgue lighting conditions during external examination.
Only images meeting predefined criteria for focus, anatomical orientation, and visibility of pupillary
margins were processed. Eyes with post-traumatic injury, extensive decomposition, or corneal
opacification were excluded. The core methodological innovation of this study lies in the use of a
multimodal artificial intelligence platform (ChatGPT Plus, OpenAl) for semi-automated extraction of
the pupil and iris diameters in pixel units. The Pupil-to-Iris Ratio (PIR) was calculated for each image
as a dimensionless value to standardize pupillary measurements regardless of distance or
magnification. Each PIR was then classified into three categories:

Miosis: PIR < 0.33;

Mid-range: 0.33 < PIR < 0.50;

Mydriasis: PIR > 0.50.

Toxicological results were used to classify subjects as “positive” or “negative” based on the
detection of opioids, cannabinoids, stimulants, benzodiazepines, or other psychoactive compounds.
Comparison of PIR values between toxicologically positive and negative individuals was performed.

Table 1 summarizes the inclusion and exclusion criteria used for selecting cases in this study.
Only individuals with intact ocular anatomy, high-quality imaging, and complete toxicological data
were included to ensure consistency and reliability of the pupil-to-iris ratio (PIR) measurements.
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Table 1. Inclusion and Exclusion Criteria for Case Selection

Criteria Type Inclusion Exclusion

Pastmortem Interval 24-36 hours since death PMI <24 hor > 36h

Qcular Condition Preserved eyeball with visible cornea and Direct ocular trauma, collapsed globe, or
pupil advanced decomposition

Image Quality High-resclution, focused, and correctly Blurred, overexposed, or shadowed images

oriented photographs

Toxicology Complete toxicological screening from Absent or incomplete toxicological data

peripheral blood

Environmental Control Bodies stored in controlled indoor Prolonged expasure to outdoor environment
conditions (e.g., morgue refrigeration) or advanced putrefaction
Documentation Complete forensic report and Missing documentation or partial data

photographic archive

Statistical Analysis

Descriptive statistics were used to summarize PIR values across the full sample and by
toxicological subgroup. Normality was assessed using visual inspection and distribution indices.
Depending on data distribution, group comparisons were performed using parametric tests (e.g.,
Student’s t-test) or non-parametric tests (e.g., Mann-Whitney U test). PIR categories (miosis, mid-
range, mydriasis) were analyzed using chi-square tests for independence. Effect sizes (Cohen’s d)
were calculated to evaluate the magnitude of observed differences. Statistical significance was set at
p < 0.05 (two-tailed). Analyses were exploratory in nature, without correction for multiple
comparisons. Given the proof-of-concept nature of the study, no a priori sample size calculation was
performed. Data processing and statistics were executed using standard open-source libraries in a
Python-based environment.

3. Results

The final sample included 30 cadavers, corresponding to 60 eyes analyzed within a postmortem
interval of 24 to 36 hours (mean 28.7 h). The mean age of the decedents was 41.9 years (SD: 13.2), with
a predominance of males. Toxicological screening identified 18 subjects (60%) as positive for at least
one psychoactive substance. Among these, 11 cases involved opioids—primarily heroin and
morphine, with one subject positive only for tramadol. The remaining cases showed cannabinoids,
stimulants, or benzodiazepines, alone or in combination. The pupil-to-iris ratio (PIR) was calculated
for each eye, ranging from 0.149 to 0.632. PIR values were categorized as miotic (< 0.33), intermediate
(0.33-0.50), or mydriatic (> 0.50). Across the full sample, most eyes fell into the intermediate range.
However, a distinct shift toward lower PIR values was observed in opioid-positive cases, particularly
those with heroin or morphine. This pattern is clearly visualized in Figure 1, which compares PIR
values across major toxicological subgroups. The heroin/morphine group shows a markedly lower
median PIR and narrower interquartile range compared to all other categories. Importantly, this
group was the only one to demonstrate statistically significant PIR reduction compared to controls
(p < 0.05), with a large effect size (Cohen’s d = 0.85) and estimated power of 0.70. No significant
differences were observed in subjects exposed to cannabinoids, stimulants, or benzodiazepines.
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PIR Distribution by Case with Miosis/Mydriasis Thresholds
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Figure 1. PIR distribution by toxicological subgroup. The heroin/morphine group shows a significantly lower
PIR compared to controls. Other subgroups, including stimulant and cannabis users, exhibit overlapping
distributions with no significant shift.

A closer case-by-case view is provided in Figure 2, where each point represents the PIR value of
a single eye. A dense clustering of values below the miotic threshold (PIR = 0.33) can be seen in the
left-most portion of the graph, corresponding to individuals positive for heroin or morphine. In
contrast, control subjects and non-opioid cases display a more heterogeneous distribution, primarily
centered in the intermediate range. No substantial anisocoria was detected.
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Figure 2. Case-by-case PIR values with miosis and mydriasis thresholds. Subjects with confirmed heroin or
morphine intake consistently fall below the red dashed line (PIR = 0.33), confirming a strong postmortem miotic

signature. Non-opioid cases show broader and less polarized distributions.

4. Discussion

The influence of pharmacological agents on pupil size is a well-established clinical observation.
In emergency medicine and toxicology, the size and reactivity of the pupil are often used as
immediate diagnostic clues, with opioid-induced miosis and stimulant-induced mydriasis serving as
textbook examples. However, this link —so readily invoked in the living—has until now been largely
ignored in the postmortem setting. Several reasons likely explain this gap in the literature. First and

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.



https://doi.org/10.20944/preprints202505.1594.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 May 2025 d0i:10.20944/preprints202505.1594.v1

5 of 7

foremost is the practical difficulty of obtaining accurate and reproducible pupillary measurements
after death. The ocular globe is particularly sensitive to postmortem changes: corneal opacity,
intraocular pressure fluctuations, eyelid positioning, and the onset of decomposition all interfere with
the ability to visually assess pupillary diameter with any confidence. Moreover, most forensic
practitioners tend to prioritize toxicological testing over morphometric indicators, assuming that the
loss of autonomic control renders the pupil diagnostically irrelevant. Additionally, in modern
forensic practice, substance-related deaths frequently involve complex polypharmacy, often
including combinations of opioids, benzodiazepines, stimulants, alcohol, and therapeutic agents. In
such cases, the expected pharmacological effect on pupil size may be attenuated, masked, or even
reversed by the opposing actions of different substances. This confounding factor further discourages
reliance on any single visible sign—especially one as dynamic and delicate as the pupil. Despite these
limitations, our study demonstrates that a statistically significant postmortem signature of opioid-
induced miosis can still be detected and quantified. Subjects with confirmed morphine or heroin
exposure exhibited a consistent reduction in the pupil-to-iris ratio (PIR), even 24 to 36 hours after
death. This is particularly noteworthy given that the postmortem interval itself tends to favor passive
mid-dilation due to loss of muscle tone. The fact that a miotic signal remains detectable suggests that
certain pharmacodynamic effects may outlast death’s generalizing processes, particularly when the
substance involved acts directly on smooth muscle tone via p-opioid receptors. The success of this
approach was enabled by a novel methodological innovation: the use of ChatGPT Plus as a
multimodal artificial intelligence platform capable of extracting morphometric data from standard
digital photographs. This allowed us to apply a scale-independent, reproducible PIR metric without
relying on physical measurement or image standardization. This is, to our knowledge, the first
forensic study to apply this type of Al-driven methodology to postmortem ocular imaging. The
simplicity and accessibility of this tool make it especially attractive: a single photograph of the eye,
taken at autopsy or even at the death scene, could be processed by an Al-supported mobile app to
provide real-time PIR analysis. This could supplement preliminary diagnostic impressions or guide
toxicological prioritization. Nevertheless, several limitations must be acknowledged. Most
importantly, the sample size, while sufficient to demonstrate statistical significance in the
heroin/morphine subgroup, remains too limited to draw conclusions about other categories.
Specifically, while PIR values appeared slightly elevated in some stimulant-positive cases (suggesting
possible mydriatic effect), the number of such cases was insufficient to establish significance. Future
studies with larger cohorts will be needed to investigate whether postmortem mydriasis associated
with stimulant use can be reliably detected. Another limitation lies in the variability of postmortem
intervals, even within the restricted 24-36 hour window. While efforts were made to standardize
imaging and anatomical selection, environmental conditions, decomposition rates, and time since last
drug intake could not be fully controlled. Moreover, as this was a retrospective analysis, polydrug
interactions were present in many cases, limiting the ability to isolate pure pharmacological effects.
Lastly, our measurements were performed under photographic rather than direct optical conditions,
and although the PIR provides a normalized metric, image quality, lighting, and perspective may
still introduce subtle biases. Interobserver reliability was not evaluated, although the use of Al likely
reduces manual error and improves reproducibility across institutions.

5. Conclusions

This study represents the first attempt to objectively measure and validate the persistence of
drug-induced pupillary changes after death, specifically miosis associated with opioid use. By
applying a multimodal artificial intelligence platform to standard postmortem photographs, we
demonstrated that the pupil-to-iris ratio (PIR) can detect a statistically significant reduction in pupil
size in subjects exposed to heroin and morphine. This observation, long assumed in clinical practice,
now receives its first evidence-based confirmation in the forensic domain. Importantly, this method
is not intended to replace traditional toxicological investigations, which remain the gold standard for
postmortem substance detection. However, PIR analysis may offer a valuable adjunct tool—

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202505.1594.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 May 2025 d0i:10.20944/preprints202505.1594.v1

6 of 7

particularly in cases where the history of drug use is unknown, contradictory, or difficult to establish.
A simple eye photograph, processed through a validated algorithm, could help raise early suspicion
of opioid involvement and guide the decision to perform toxicological testing in ambiguous cases.
Given the accessibility of the technology and the minimal cost involved, this approach could be easily
replicated across forensic institutions. Further studies with larger samples will be necessary to
validate its applicability to other substance classes and to refine its integration into routine forensic
workflows. As such, this research offers both a methodological innovation and a practical
contribution to the evolving interface between digital tools and forensic science.
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