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Introduction
The estimation of the post-mortem interval (PMI) after the first 

24 hours is one of the most studied issues in forensic medicine, as 
it is crucial for medico-legal investigations. Over the last decades, 
many efforts were dedicated to the analysis of the biochemical 
composition of the vitreous humor (VH), as it is submitted to 
a slow contamination following autolytic and contamination 
processes because of its peculiar site-related characteristics [1-3]. 
In the different researches taken into account from the 1960s [4], 
Potassium (K+) concentration largely shows an increase in a time-
dependent manner. Several authors gave their own equation for 
the correlation of the PMI to the K+ concentration in VH; moreover 
it is has been established over the years that the increase may be 
influenced from several parameters such as temperature, duration 
of the terminal episode and age of the individual [5-7]. The studies 
performed on the VH over the years have already pointed out the 
importance of the matrix effect, as the analytes, and especially K+, 
are often determined with instruments validated for serum or 
urine analysis [8]. To avoid this bias, in our research we wanted to 
compare the K+ concentration in VH by means of an automatized 
instrument adopting a potentiometric low cost and quick method 
easily available in a clinical chemistry laboratory with one gold 
standard method not affected from the matrix effect.

 
Material and Methods

We selected 120 cadavers with known time of death. Cases 
in which we found pathological conditions that may alter the 
concentration of electrolytes in the vitreous humor (ocular 
trauma, kidney failure, drug overdose, metabolic disorders, hyper-
hydration or dehydration before death) were excluded, as well as 
those in which autopsies revealed the presence of chronic diseases. 
Age and sex were not considered criteria for an exclusion. The 
vitreous humor samples were obtained 20 to 200 hours after 
death in the different eyes (right and left) at the same time, with 
a sterilized 20-gauge hypodermic needle inserted near the center 
of the eyeball, as reported in literature. Only crystal-clear humor 
was collected and stored at -80°C. Pre-analytical preparation of the 
samples was made following the requirements of Thierauf et al. 
[9]. The samples were analyzed in one session adopting protocols 
on the automated Siemens Dimension Vista analyzer (V-LYTE® 
Integrated Multisensory K800A), validated for serum, plasma, 
urine analysis and CSF; the dilution was made in distilled water, in 
order to fulfill range requirements specified from the manufacturer 
of the method.

Mass spectrometry (MS) was performed on 1/3 of the samples 
(randomly chosen) with an iCAPQ inductively coupled plasma 
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(ICP)-MS (Thermo Fisher Scientific, Waltham, MA, USA) equipped 
with a Cetac ASX520 autosampler (Cetac Technologies, Omaha, 
NE, USA), a PFA cyclonic spray chamber, and a 2.5-mm internal-
diameter quartz injector. Samples were diluted 1:5 in 1% nitric 
Acid and K+ levels were processed in collision mode with the 
following parameters: peristaltic pump speed: 40 rpm; nebuliser 
gas flow rate: 0.91 L min-1; radio frequency power: 1.550 W; cool 
gas flow: 14 L min-1; and auxiliary gas flow: 0.89 L min-1, collision 
cell gas (helium) flow – 3.5 ml min-1. Dwell times were 50 ms 
for 39K and 10 ms for internal standards(72Ge), with 10 sweeps 
per replicate and five replicates per sample. Blank wipe samples, 
spiked wipe samples with only the IS solution, and six calibration 
standards prepared were adopted to build up a calibration curve at 
the following concentrations: 2.5, 5.0, 10.0, 20.0, 40.0, 80.0 mmol/L. 

Results
Among the sample individuals, 108 were male, 12 females; 

mean age: 56,5 (minimum 20, maximum 90 years); the vitreous 
humor samples were obtained after a median of 47,5 hours (range 
from 20 to 200). Right and left VH taken from the same patient 
did not show any difference; this allowed us to be sure of the 
good quality of the drawing and of the sample preservation. The 
comparison between the two analytical methods was performed 
by linear correlation between K+ concentrations obtained with 
the potentiometric method and those obtained with the ICP-MS 
and evaluating the resulting intercept, slope and determination 
coefficient obtained. The results are shown in Table 1.

Table 1: Results of methods used for K+ determination.

K+(mmol/L)
N Slope Intercept R2

40 1,01 +0,09 0,92

Discussion
The estimation of the PMI is crucial for medicolegal investigation, 

and after the publications of Sturner and Adelson in 1963, over the 
past fifty years several authors confirmed the PM linear increase 
of K+ concentration in VH. The most part of the authors did not 
report any differences of biochemical marker concentration among 
the two eyeballs in the same patient [10,11], and, apart from the 
common problem found in the literature due to the difficulty to find 
information related to pre-existing pathologies of the patient [12-
13], the finding of a strict relation between analytes concentration 
of VH and serum confirms the results of our research and gives 
us the evidence of the good quality of the withdrawal procedure. 
Over the years, the importance of pre-analytical treatment was well 
discussed and several authors analyzed the problem of determining 
the analytes through automated systems, not validated for such 
biological fluids [9] and specifically not for the VH, actually affected 
by different matrix components; among the techniques used for 
the evaluation of the K+ concentration, capillary electrophoresis 
was validated by comparing results with flame photometry, even 
if in most papers the authors adopted automatized instruments 
validated for other biological fluids without comparing the results 
with a gold standard method of measurement of the electrolyte 
concentration [3,8,14-16].

In our work, therefore, after the adoption of all the pre-analytical 
precautions reported by Thierauf et al. [9], we aimed to compare the 
results obtained with a simple and low cost automatized instrument 
for the determination of the K+ concentration, which adopts an 
indirect potentiometric method and largely available in most 
analysis laboratories, with the results obtained with ICP-MS which 
is considered a gold standard. The results were perfectly consistent 
with a variability comparable with the intra-instrumental one. 

Conclusion
With our results we want to give evidence that a low-cost 

potentiometric method available in automatized systems used in 
clinical chemistry laboratories, and validated for other biological 
fluids, show a variability which is compatible with those obtained 
with an intra-instrumental method when compared to ICP-MS 
results.
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