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Abstract 

Background: Estimating the Postmortem Interval (PMI) is a requirement in medico-legal autopsy, and often, it poses 

challenges due to environmental factors and body conditions. A biochemical approach, especially using potassium levels 

in vitreous humor (VH), is a widely proposed method to estimate PMI. Hence, this systematic review is done to analyse 

the effectiveness of using vitreous humor potassium levels in estimating PMI. 

Methodology: We searched three databases (MEDLINE, Scopus, and ProQuest) to identify studies analysing vitreous 

potassium concentration for PMI estimation. Data extracted from included studies encompassed analytical methods 

employed, the range of vitreous potassium, and the impact of temperature and humidity on PMI. 

Results: The electronic search identified 471 articles that were subsequently screened based on the inclusion criteria, and 

53 studies were found eligible for qualitative synthesis. Forty studies have reported the actual PMI for the subjects they 

studied, and it ranged from 0 hours to 408 hours. 5 studies (12.5%) had PMI < 24 hours and 15 studies (37.5 %) included 
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subjects with PMI > 72 hours. Among the eligible studies, 25 studies proposed regression equations to estimate PMI using 

vitreous humor potassium levels. The majority of them used only potassium (n=21), and few studies (n=4) have used 

vitreous levels of chloride, uric acid, hypoxanthine, albumin, sodium along with potassium to derive a regression equation 

to estimate PMI. 

Conclusions: Most of the studies have validated their proposed regression equations in the same subjects from which 

they were derived. Advanced statistical methods like generalized additive modelling and artificial neural networks have 

been shown to predict PMI much better than simple regression equations. The reporting of the standard error of the 

regression coefficient is recommended to enable quantitative analysis of the data, i.e., meta-analysis. 

Keywords: Autopsy, Potassium, Postmortem Interval, Time Since Death, Vitreous Humor 

1. Introduction 

An autopsy is the scientific examination of the body of a deceased person [1-3]. Although the objectives of an autopsy 

differ from case to case, it is primarily to identify or confirm the cause of death. An additional objective, particularly in 

medico-legal autopsies, is to estimate the time that has elapsed since death, also referred to as Postmortem Interval (PMI) 

[1,4]. In suspected criminal activity, knowing the PMI can aid the investigators in administration of justice by narrowing 

down the suspects and even in establishing the innocence or guilt of the accused alleged to have committed the crime [5]. 

DiMaio defines PMI as “the time between (a) the moment of death and (b) the examination carried out to determine the 

PMI” [6]. The underlying principle is the calculation of a measurable period along a time-dependent curve back to the 

starting point [2]. Most often, it is difficult to specify the exact time of death, however an interval within which death 

occurred usually serves the purpose. 

Forensic specialists employ various methods to estimate the PMI [7]. Among them, the physical assessment of postmortem 

changes such as rigor mortis, postmortem lividity, changes due to decomposition etc., are commonly employed [8-10]. 

However, estimating PMI from these physical changes has drawbacks, as there are a multitude of factors that can affect 

the onset and progression of postmortem changes, such as pre-existing illness, activity at the time of death, location of 

death, ambient temperature and humidity, environmental exposure, etc. [11,12]. There is also the possibility of subjective 

errors as changes due to postmortem lividity and decomposition are appreciated chiefly on the basis of visual appearance 

[13,14]. Another more objective method of PMI estimation is by assessing algor mortis (postmortem cooling of the body), 

however, this too is affected by multiple factors such as ambient environmental conditions, body temperature at the time 

of death, nutritional status of the deceased, etc. [15,16] 

In search for a more objective and less variable method to assess the PMI, many researchers undertook the bio-chemical 

approach [17]. The human body maintains various biochemicals in a steady state concentration during life and upon death 

the levels of certain constituents get altered with time. These time-dependent changes can be objectively quantified [12]. 

Different studies have analysed the various components of body tissues/fluids and studied the relationship between the 

time-dependent changes of biochemical constituents and PMI [18–21]. Some studies have even derived regression 

equations and formulas using the values of biochemical constituents obtained from body fluids/tissues to calculate PMI 

[22–25]. 

The biochemical constituents which are widely studied are electrolytes, such as potassium, sodium, chloride, magnesium, 

and metabolites like hypoxanthine, xanthine, urea, uric acid, albumin etc. [23,26,27]. Most researchers have focused on the 

body fluids that are least prone to contamination, in an attempt to obtain consistent and reliable estimates, such as vitreous 

humour (VH), synovial fluid (SF) and cerebrospinal fluid (CSF) [20,21,28]. Vitreous humour is widely preferred for 

postmortem chemistry as it is in relative isolation from the rest of the body and is easily accessible after death [29,30]. 

Multiple studies have reported that vitreous potassium shows a significant increase in concentration as time since death 

progresses [22,24,26]. 

In this study, we undertake a systematic review of published research, relating to the estimation of PMI from the analysis 

of potassium levels in the vitreous humour. 

2. Methodology 

Standards 

The systematic review was carried out in accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews 

and Meta-analysis) guidelines [31]. 
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Data Sources 

The articles were searched in MEDLINE (by PubMed), Scopus and ProQuest. The first search was conducted on January 

21, 2023, and a final updated search was done on October 25, 2023. The search terms used are shown in Table 1. 

Table 1: Search strategy used in this review 

 Original search as on October 25, 2023 

PubMed “Postmortem Changes”[Mesh] AND “Potassium”[Mesh] AND ((Vitreous Body”[Mesh])” 

Scopus “postmortem AND interval AND potassium AND vitreous AND body” 

ProQuest “postmortem interval AND potassium AND vitreous body” 

 

Selection criteria 

The aim of this systematic review is to include studies which are original research articles that have estimated potassium 

concentration in vitreous humour and analysed its relationship with PMI. The articles which are narrative reviews, opinions, 

letters, case series, case reports, conference abstracts, meeting reports and dissertations were excluded. We also excluded 

those studies which were done in animals, published in non-English language and for which full text were not available. 

Screening of the selected studies 

The abstracts of the generated results were screened to identify eligibility for inclusion. The screening was carried out 

independently by two reviewers (RIJ and JR). Any discrepancy that arose during screening or conflicts regarding inclusion 

were resolved by a third reviewer (MM).  

Data Extraction: Data extraction was carried out by two reviewers (RIJ and JR). Any discrepancy that arose during 

extraction or conflicts regarding the same were resolved by a third reviewer (MM). The following data were extracted from 

the eligible studies:  

i. Sample size: The number of study subjects was taken as the sample size. In studies that have reported the number of 

vitreous humour samples rather than the number of subjects, a separate mention has been made of the same.  

ii. Postmortem interval (PMI): The time elapsed since death.  

iii. Analytical method used to estimate vitreous humour potassium. 

iv. Range of vitreous humour potassium levels 

v. Regression formula derived by each study for determining PMI using vitreous potassium alone or in combination 

with other analytes  

vi. Effect of ambient temperature and / or other environmental factors on the accuracy of PMI estimation 

vii. Effect of type of death on the PMI estimation. 

 

3. Results 

We identified 471 abstracts through electronic searches using PubMed (n=74), Scopus (n=105) and ProQuest (n=292) 

(Figure 1). Duplicate citations were removed (n=69) following which we screened the titles and abstracts of the remaining 

402 citations. The articles that were written in non-English language (n=9), did not have full text (n=15), and those wherein 

the study was done in animals (n=72), were excluded. The articles which were not original research articles (narrative 

reviews, letters, dissertations, case reports etc.), non-availability of time since death and postmortem vitreous humor 

potassium levels were also excluded (n=254).  One additional relevant publication was identified from bibliography and 

was included. Of the 471 records that were screened, we excluded 418 as irrelevant and a total of 53 publications were 

found eligible and the full text was assessed for data retrieval and analysis.  
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Fig. 1: PRISMA diagram 

The potassium levels in the vitreous humor were estimated using various techniques. Ion selective electrode (ISE, 

Potentiometry) was the commonly employed technique (45%) followed by flame photometry (26%). The other techniques 

that were employed include autoanalyzer, capillary electrophoresis, ion exchange and high-performance liquid 

chromatography (HPLC) (Table 2). 

Table 2: Techniques employed to measure potassium in vitreous humor. 

 S. No. Analytical technique Number of studies 

1.  Ion selective electrode (ISE) 24 (45%) 

2.  Flame Photometry 14 (26%) 

3.  Autoanalyser (method not specified) 7 (13%) 

4.  Capillary Electrophoresis 3 (6%) 
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5.  Voltimeter 1 (2%) 

6.  Ion exchange chromatography 1 (2%) 

7.  High Performance Liquid Chromatography 

(HPLC) 

1 (2%) 

8.  Information not available 2 (4%) 

 Total 53 (100%) 

 

Forty studies have reported the actual PMI for the subjects they have studied, and it ranged from 0 hours to 408 hours 

(Figure 2). 5 studies (12.5%) had PMI < 24 hours and 15 studies (37.5 %) had included subjects with PMI > 72 hours.  

Fig. 2: PMI of the subjects included in the study. 

 

Among the eligible studies, 22 studies have reported the actual vitreous humor potassium levels in relation to time since 

death. 

Few studies have reported the vitreous humor potassium levels correlates with ambient temperature and it has to be taken 

into account to improve the precision of estimating time since death using the regression equation (19,32–34).  

Among the eligible studies, 25 studies proposed regression equations to estimate PMI using vitreous humor potassium 

levels. The majority of them used only potassium (n=21), and few studies (n=4) have used vitreous levels of chloride, uric 

acid, hypoxanthine, albumin, sodium along with potassium to derive a regression equation to estimate PMI. 
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Table 3: Regression equations proposed by eligible studies to estimate PMI. 

S. 

No. 
Author and year 

Sample Size 

(Subjects) 
Formula (PMI from K) 

1.  Passos et al, 2009 [22] NA# PMI (h) = 5.36 *K(mmol/L) - 33.41 

2.  Foster et al, 2016 [35] 78 PMI (h) = -40.94 + 6.42*K (mmol/L) 

3.  Munoz Barus et al, 2002 [24] 176 PMI (h) = 3.967*K(mmol/L) - 19.186 

4.  Rognum et al, 2016 [32] 132 
PMI (h) = 5.164*K(mmol/L) + 0.174*T(0C) - 

0.1*K*T - 19.588 

5.  Jashnani et al, 2010 [25] 120 PMI (h) = 1.076*K(mmol/L) - 2.815 

6.  Zilg et al, 2015 [34] 462 
PMI (days) = ln((29.91-4.73)/(29.91 - [K+])) / -

0.22*10-3/day 

7.  Mihailovic et al, 2012 [30] 

32 (10 samples per 

subject every 3 hours 

for 30 hours) 

PMI (h) = 2.749*K(mmol/L) - 11.978 

8.  James et al, 1997 [36] 100 PMI (h) = 4.32*K(mmol/L) - 18.35 

9.  Bortolotti et al, 2011 [37] 164 PMI(h) = (K (mmol/L) - 2.3008)/0.1733 

10.  Swain et al, 2015 [38] 100 PMI (h) = 2.88*K - 11.86 

11.  Munoz et al, 2001 [39] 164 PMI (h) = 2.58*K (mmol/L) - 9.307 

12.  Agrawal et al, 1983 [40] 50 PMI (h) = 9.76 + 1.94*[K(meq/L) - 9.13] 

13.  Bohra et al, 2014 [41] 200 PMI (h) = -16.22 + 3.75*K (meq/L) 

14.  Siddamsetty et al, 2014 [42] 210 PMI (h) = [4.701*K(mmol/L)] - 29.063 

15.  Barmate et al, 2013 [43] 201 PMI (h) = 11.63*K(mmol/L) - 70.90 

16.  Ravindra et al, 2013 [44] 96 PMI (h) = 3.34*K (mmol/L) - 14.9023 

17.  Sturner et al, 1964 [45] 91 PMI (h) = 7.14*K (meq/L) - 39.1 

18.  Akhtar et al, 2015 [46] 102 PMI (h) = 8.973 + 1.036 (K mEq/L) 

19.  Yogiraj et al, 2008 [47] 100 PMI (h) = (2.99 * K+ - 6.26) + 3.29 hours 

20.  Dhanak et al, 2016 [48] 200 PMI (h) = 13.84 +2.99 (K mEq/L-9.77) 

21.  Paul et al, 2021 [49] 75 PMI (h)= 1.075 (K+ mmol/L) – 2.53 

PMI equation using Potassium plus other analytes: 

22.  Focardi et al, 2020 [26] 120 
PMI (h) = 5.35*K(mmol/L) + 

9.94*Albumin(g/L) - 27.93 

23.  Siddamsetty et al, 2014 [42] 210 PMI(h)= 4.259*K – 0.316*Na – 28.683 

24.  Pérez-Martínez et al, 2020 [50] 250 
PMI (h) = 4.946 + 0.397*K(mmol/L) - 

0.110*Uric acid(mmol/L) + 0.166*Hx(mol/L) 

25.  Bray et al, 1985 [51] 8 
PMI (days) = (100 mEq/L + 2 [K+] - [Cl-])/ (10 

mEq/L) 
# NA - Information not available 

Discussion 

Analytical techniques used to estimate potassium in Vitreous humor. 

In this review, 45% of the studies estimated potassium in VH using ion selective electrode (potentiometry) by flame 

photometry (26%) (Table 1). ISE is the routinely used method in lab to estimate electrolytes in blood and other bodily 

fluids. It works based on the potential difference between electrodes caused by the movement of electrolytes across an ion 

selective membrane. This technique is sensitive and specific as it is not affected significantly by the contamination of the 

samples. ISE is integrated in the current generation auto-analysers and offers quick results with minimal sample volume. 

The next commonly used technique is flame photometry (also known as flame emission spectrometry) which is relatively 

inexpensive but a crude method in estimating the levels of electrolytes. Potentiometric i.e. ISE methods have largely 

replaced flame photometry in current clinical practice. Capillary electrophoresis, ion exchange and high-performance liquid 
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chromatography (HPLC) are also used in few studies to estimate potassium in vitreous humor, these techniques require 

extensive standardization and costly and hence not widely used in clinical practice to estimate electrolytes [52].  

Effect of temperature on PMI: 

Rognum et al found that the linear correlation between vitreous humor potassium and PMI improved when the ambient 

temperature was also taken into consideration. They were able to conclude that the slope of the linear correlation (rate of 

change of electrolyte) increased with an increase in the ambient temperature [32,33]. Zilg et al also were able to conclude 

that ambient temperature had a positive correlation with the rate of increase in the vitreous potassium concentration [34]. 

Cordeiro et al further added that besides the ambient temperature, the internal temperature and weight of the body had an 

effect on the increase in vitreous potassium. They explained that a body with greater weight and internal temperature would 

take a longer time in attaining equilibrium with the ambient temperature, thus having a greater increase in the vitreous 

potassium [23]. 

Effect of type of death on PMI: 

Munoz Barus et al studied the rate of change of vitreous potassium among deaths due to hanging and compared them with 

other deaths. They found that the rate of increase in vitreous potassium (and hypoxanthine) is significantly higher in 

hanging when compared to other types of deaths [24]. This was attributed to the increased venous pressure in the neck and 

capillary congestion as a result of ligature application, leading to an increase in vascular leakage and subsequent rise in 

vitreous potassium levels. Munoz et al categorized the study subjects based on hospitalization and metabolic disturbance 

preceding death and found that metabolic disturbances (abnormal urea and creatinine) and prolonged illness tend to increase 

the error in PMI estimation based on vitreous potassium.(39) Perez-Martinez et al found that vitreous hypoxanthine and 

uric acid were found to be elevated in cases of natural death; they attributed this rise to the higher age of the study subjects, 

agonal period and possible infections among the cases when compared to those who died of violent traumatic causes [50]. 

Blumenfeld et al also compared the vitreous chemistry of cases of Sudden Infant Death Syndrome (SIDS) to death due to 

other causes and found statistically significant differences in the levels of chloride, magnesium and urea nitrogen; however, 

this difference did not have any diagnostic values as the range of values was too large for clinical application [53]. 

Regression equation with vitreous potassium alone vs. regression equation with vitreous potassium and other 

analytes: 

Of the 55 eligible studies examined, 15 studies proposed a simple linear regression formula to estimate PMI using VH 

potassium. Almost all studies showed a linear trend in vitreous humor potassium and PMI. However, it does not mean that 

any of these formulae might be used to estimate PMI because the same data which was used to construct a model should 

not be used to test it. Hence, there is a possibility that the results appear better than they really are. The proposed formula 

has to be cross-validated in an independent datasets to check for its performance in predicting the PMI [54]. Other statistical 

analysis like Monte Carlo–simulation analysis can be made with regards to the validation [55]. Few studies have reported 

the accuracy of the regression equation increases by including additional electrolytes like hypoxanthine, albumin, uric acid 

and chloride to the equation [26,42,50,51]. 

Reliability of potassium-based PMI: 

Two studies have reported that vitreous humor potassium levels are not reliable when PMI is less than 24 hours [37,56] 

However, there are a few studies that have reported a contrasting observation that vitreous humor potassium levels are 

simple and accurate method to estimate PMI up to 24 hours [40,57,58] and even up to 48-72 hours [42,48]. When PMI is 

less than 24 hours, other methods of estimating the PMI, such as algor mortis or rigor mortis are more reliable with less 

variability, thus reducing the utility of vitreous humor potassium at this stage [59] 

In addition to deriving a regression equation correlating vitreous potassium to PMI, some studies also compared the results 

with the equation derived by other authors. No single formula was found to perfectly estimate the PMI, with some over-

estimating the PMI and some under-estimating. Various reasons were considered for this such as the type of death, ambient 

temperature, age of deceased, mean PMI, etc. [35,60–62] 

While most studies derived a formula to correlate vitreous potassium and PMI using linear regression, Bocaz-Beneventi et 

al and Gadzuric et al utilized Artificial Neural Networks (ANN), while Cordeiro et al utilized the Generalized Additive 

Models (GAM) [23,57,63]. GAM’s are an extension of traditional linear models and are used when multiple dependent 

and continuous variables need to be simultaneously integrated into an equation [23]. ANN’s are a type of machine learning 

model structured as an interconnected assembly of nodes. It resembles the neuronal structure of the brain, wherein each 
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unit receives, processes, and transmits data. It is capable of recognizing patterns, managing data and self-learning. When 

compared to the traditional Linear Least Squares (LLS), the ANN models better estimate the PMI [57]. 

Most of the studies that we reviewed reported a statistically significant increase in the vitreous potassium level when 

compared to the PMI [24–26,28,35,49,53,64,65] However, a few studies did not obtain a significant correlation between 

the two [18,19].  

Variability in the findings of the studies could be due to reasons as follows: 

• Population-based reference values for postmortem vitreous humor biochemical constituents are not available. 

• Differences in the sample preparation due to lack of standardization in sample collection procedures.  

• Different analytical techniques are used to estimate postmortem vitreous humor electrolytes.  

• Regression equations are represented without the 95% confidence interval, standard error of the coefficient and 

the intercept, hence a metanalysis to address the heterogeneity could not be attempted.  

4. Conclusion: 

Although similarities between the regression formulae proposed by various authors exist, no two formulae are the same. 

Comparison of the various regression equations would have been possible if the standard error of regression coefficients 

was also calculated, in addition to the regression formula and correlation coefficient. Studies that applied the formulae of 

different authors in their research have also proven that a large variability exists between the formulae, which in turn 

reduces their applicability in medico-legal settings. Advanced statistical methods like GAM and ANN have claimed to 

reduce the errors in estimating PMI, however, there are very few studies that have performed this, which makes comparison 

difficult. The change in vitreous electrolytes with respect to PMI is multi-factorial and future studies should consider as 

many factors as possible simultaneously to obtain significant results and to increase its reliability in medicolegal cases. 

Additionally, we suggest the use of advanced statistical methods such as GAM and ANN, and the estimation of standard 

error of regression coefficient to reduce variability and enable comparison of the results of different studies and/or to 

perform meta-analysis. 

Ethical Committee Clearance: Not Applicable. 

Source(s) of Financial Support: None. 

Data Availability Statement: Not Applicable 

Declaration of interests: The authors have no competing interests to declare that are relevant to the content of this article. 

Authors’ contributions: The conceptualization of the study, designing of methodology and data extraction were done by 

RIJ, JR and MM. JR, BTV, and RIJ analysed the data. JR, BTV, DM, ALA and LRJ wrote the original draft of the 

manuscript. RIJ and MM critically reviewed and edited the manuscript. All authors had full access to all the data reported 

in the study and had final responsibility for the decision to submit for publication.  

Acknowledgements: Nil 

References: 

[1] The Forensic Autopsy. In: Saukko P, Knight B, editors. Knight’s forensic pathology. 4th ed. Boca Raton: CRC Press; 2016. 

p. 1–5.  

[2] Knudsen PJT, Thomsen JL, Ampanozi G, Thali MJ. Autopsy. In: Madea B, editor. Handbook of forensic medicine. West 

Sussex: Wiley Blackwell; 2014. p. 138–47.  

[3] Adams VI. Medicolegal autopsy and postmortem toxicology. In: Waters BL, editor. Handbook of autopsy practice. 4th ed. 

New Jersey: Humana Press; 2009. p. 125–36.  

[4] Medicolegal autopsy. In: Reddy KSN, Murty OP, editors. The essentials of forensic medicine and toxicology. 35th ed. New 

Delhi: Jaypee Brothers Medical Publishers; 2022. p. 76–87.  

[5] Estimating time of death. In: Geberth VJ, editor. Practical homicide investigation tactics, procedures and forensic techniques. 

4th ed. Boca Raton: CRC Press; 2006. p. 231–55.  

[6] Time of death. In: DiMaio VJ, DiMaio D, editors. Forensic pathology. 2nd ed. Boca Raton: CRC Press; 2001. p. 21–41.  

[7] Hayman J, Oxenham M. Approaches to time since death estimation. In: Hayman J, Oxenham M, editors. Estimation of the 

time since death [Internet]. Academic Press; 2020 [cited 2024 Jan 12]. p. 1–9. Available from: 

https://www.sciencedirect.com/science/article/pii/B9780128157312000017 

[8] Martins PALS, Ferreira F, Natal Jorge R, Parente M, Santos A. Necromechanics: death-induced changes in the mechanical 

properties of human tissues. Proc Inst Mech Eng [H]. 2015 May;229(5):343–9.  



151 https://ijmtlm.org 

[9] Suzutani T, Ishibashi H, Takatori T. Studies on the estimation of the postmortem interval. Hokkaido Igaku Zasshi. 1978 

Nov;52(6):269–83.  

[10] Usumoto Y, Kudo K, Tsuji A, Ihama Y, Ikeda N. Predictive equation for post-mortem interval using spectrophotometric values 

of post-mortem lividity: a pilot study. Forensic Sci Int. 2019 Apr;297:47–55.  

[11] Almulhim AM, Menezes RG. Evaluation of postmortem changes. In: StatPearls [Internet]. Treasure Island (FL): StatPearls 

Publishing; 2023 [cited 2024 Jan 12]. Available from: http://www.ncbi.nlm.nih.gov/books/NBK554464/ 

[12] Zissler A, Stoiber W, Geissenberger J, Steinbacher P, Monticelli FC, Pittner S. Influencing factors on postmortem protein 

degradation for PMI estimation: a systematic review. Diagn Basel Switz. 2021 Jun 23;11(7):1146.  

[13] Gelderman HT, Boer L, Naujocks T, IJzermans ACM, Duijst WLJM. The development of a post-mortem interval estimation 

for human remains found on land in the Netherlands. Int J Legal Med. 2018;132(3):863–73.  

[14] Aydin B, Colak B, Balci Y, Demirüstü C. Consistency of postmortem interval estimations of physicians using only postmortem 

changes of putrefied dead bodies. Am J Forensic Med Pathol. 2010 Sep;31(3):243–6.  

[15] Giana FE, Onetto MA, Pregliasco RG. Uncertainty in the estimation of the postmortem interval based on rectal temperature 

measurements: A Bayesian approach. Forensic Sci Int. 2020 Dec;317:110505.  

[16] Yang AS, Quan GL, Gao YG, Wang J, Sui P, Li GF, et al. Rectal temperature of corpse and estimation of postmortem interval. 

Fa Yi Xue Za Zhi. 2019 Dec;35(6):726–32.  

[17] Umapathi A, Chawla H, Singh SB, Tyagi A. Analysis of changes in electrolytes level in serum after death and its correlation 

with postmortem interval. Cureus. 2023 May;15(5):e38957.  

[18] Chandrakanth HV, Kanchan T, Balaraj BM, Virupaksha HS, Chandrashekar TN. Postmortem vitreous chemistry – an 

evaluation of sodium, potassium and chloride levels in estimation of time since death (during the first 36 h after death). J 

Forensic Leg Med. 2013 May;20(4):211–6.  

[19] Murthy AS, Das S, Thazhath HK, Chaudhari VA, Adole PS. The effect of cold chamber temperature on the cadaver’s 

electrolyte changes in vitreous humor and plasma. J Forensic Leg Med. 2019 Feb;62:87–91.  

[20] Tumram NK, Bardale RV, Dongre AP. Postmortem analysis of synovial fluid and vitreous humour for determination of death 

interval: a comparative study. Forensic Sci Int. 2011 Jan;204(1–3):186–90.  

[21] Madea B, Käferstein H, Hermann N, Sticht G. Hypoxanthine in vitreous humor and cerebrospinal fluid — a marker of 

postmortem interval and prolonged (vital) hypoxia? Remarks also on hypoxanthine in SIDS. Forensic Sci Int. 1994 

Mar;65(1):19–31.  

[22] Passos MLC, Santos AM, Pereira AI, Rodrigo Santos J, Santos AJC, Saraiva MLMFS, et al. Estimation of postmortem interval 

by hypoxanthine and potassium evaluation in vitreous humor with a sequential injection system. Talanta. 2009 Sep 

15;79(4):1094–9.  

[23] Cordeiro C, Ordóñez-Mayán L, Lendoiro E, Febrero-Bande M, Vieira DN, Muñoz-Barús JI. A reliable method for estimating 

the postmortem interval from the biochemistry of the vitreous humor, temperature and body weight. Forensic Sci Int. 2019 

Feb;295:157–68.  

[24] Muñoz Barús JI, Suárez-Peñaranda JM, Otero XL, Rodrı́guez-Calvo MS, Costas E, Miguéns X, et al. Improved estimation of 

postmortem interval based on differential behaviour of vitreous potassium and hypoxantine in death by hanging. Forensic Sci 

Int. 2002 Jan;125(1):67–74.  

[25] Jashnani KD, Kale SA, Rupani AB. Vitreous humor: biochemical constituents in estimation of postmortem interval. J Forensic 

Sci. 2010 Nov;55(6):1523–7.  

[26] Focardi M, Lanzilao L, Bonari A, Lazzeretti M, Lorubbio M, Ognibene A, et al. Improvement in estimation of time since death 

by albumin and potassium concentrations in vitreous humor. Forensic Sci Int. 2020 Sep;314:110393.  

[27] Agoro ES, Okoye FBC, Azuonwu O, Ebiere NE. The effect of age and sex on vitreous humour chemistry and postmortem 

interval (PMI). Indian J Forensic Med Toxicol. 2017;11(2):173.  

[28] Zhou B, Zhang L, Zhang G, Zhang X, Jiang X. The determination of potassium concentration in vitreous humor by low 

pressure ion chromatography and its application in the estimation of postmortem interval. J Chromatogr B. 2007 Jun;852(1–

2):278–81.  

[29] McCleskey BC, Dye DW, Davis GG. Review of postmortem interval estimation using vitreous humor: past, present, and 

future. Acad Forensic Pathol. 2016 Mar;6(1):12–8.  

[30] Mihailovic Z, Atanasijevic T, Popovic V, Milosevic MB, Sperhake JP. Estimation of the postmortem interval by analyzing 

potassium in the vitreous humor: could repetitive sampling enhance accuracy? Am J Forensic Med Pathol. 2012 

Dec;33(4):400–3.  

[31] Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated 

guideline for reporting systematic reviews. BMJ. 2021 Mar 29;372:71.  

[32] Rognum TO, Holmen S, Musse MA, Dahlberg PS, Stray-Pedersen A, Saugstad OD, et al. Estimation of time since death by 

vitreous humor hypoxanthine, potassium, and ambient temperature. Forensic Sci Int. 2016 May;262:160–5.  

[33] Rognum TO, Hauge S, Øyasaeter S, Saugstad OD. A new biochemical method for estimation of postmortem time. Forensic 

Sci Int. 1991 Oct;51(1):139–46.  

[34] Zilg B, Bernard S, Alkass K, Berg S, Druid H. A new model for the estimation of time of death from vitreous potassium levels 

corrected for age and temperature. Forensic Sci Int. 2015 Sep;254:158–66.  



152 https://ijmtlm.org 

[35] Foster SN, Smith PR, Biggs M, Rutty GN, Hollingbury FE, Morley SR. Estimation of postmortem interval using vitreous 

potassium levels in cases of fatal road traffic collision. Arch Forensic Med Criminol. 2016;2:71–82.  

[36] James RA, Hoadley PA, Sampson BG. Determination of postmortem interval by sampling vitreous humour. Am J Forensic 

Med Pathol. 1997 Jun;18(2):158–62.  

[37] Bortolotti F, Pascali JP, Davis GG, Smith FP, Brissie RM, Tagliaro F. Study of vitreous potassium correlation with time since 

death in the postmortem range from 2 to 110 hours using capillary ion analysis. Med Sci Law. 2011 Oct;51(1_suppl):20–3.  

[38] Swain R, Kumar A, Sahoo J, Lakshmy R, Gupta SK, Bhardwaj DN, et al. Estimation of post-mortem interval: a comparison 

between cerebrospinal fluid and vitreous humour chemistry. J Forensic Leg Med. 2015 Nov;36:144–8.  

[39] Muñoz JI, Suárez-Peñaranda JM, Otero XL, Rodríguez-Calvo MS, Costas E, Miguéns X, et al. A new perspective in the 

estimation of postmortem interval (PMI) based on vitreous. J Forensic Sci. 2001 Mar;46(2):209–14.  

[40] Agrawal RL, Gupta PC, Bhasin S, Nagar CK. Determination of the time of death by estimating potassium level in the cadaver 

vitreous humour. Indian J Ophthalmol. 1983 Sep;31(5):528–31.  

[41] Bohra B, Verma R, Mathur IB, Sharma Y, Khangwal VP, Joshi M. Estimation of postmortem interval by measuring potassium 

level in vitreous humour. J Indian Acad Forensic Med. 2014 Jan 1;36:374–8.  

[42] Siddamsetty AK, Verma SK, Kohli A, Puri D, Singh A. Estimation of time since death from electrolyte, glucose and calcium 

analysis of postmortem vitreous humour in semi-arid climate. Med Sci Law. 2014 Jul;54(3):158–66.  

[43] Barmate NS, Shrigiriwar MB, Batra AK, Puppalwar P. A study of correlation of time since death with vitreous potassium and 

sodium-potassium ratio. Medico-Leg Update. 2013;13(2):66.  

[44] Deokar R, Ajay S. Estimation of post mortem interval by means of changes in the eye-vitreous humour potassium levels. Ind 

J Forensic Med Toxicol. 2013 Jul 1;7:232.  

[45] Sturner WQ, Gantner GE. The postmortem interval. A study of potassium in the vitreous humor. Am J Clin Pathol. 1964 

Aug;42:137–44.  

[46] Akhtar N, Ali R, Malik AR, Asghar A, Aziz K. Role of vitreous potassium level in postmortem interval estimation.  

[47] Yogiraj V, Indumati V, Kodliwadmath MV. Study of vitreous humour electrolytes to assess the postmortem interval and cause 

of death. Anil Aggrawals Internet J Forensic Med Toxicol. 2008 Jul 1;9.  

[48] Dhanak KL, Johry A. A study on the vitreous potassium ion concentration in relation with time since death. Indian J Forensic 

Med Toxicol. 2016;10(2):250.  

[49] Paul PM, Sneha S, Pradhan P, Kumar PS. Estimation of post-mortem interval from vitreous potassium: an autopsy based study. 

J Indian Acad Forensic Med. 2021;43(4):370–3.  

[50] Pérez-Martínez C, Prieto Bonete G, Pérez-Cárceles MD, Luna A. Influence of the nature of death in biochemical analysis of 

the vitreous humour for the estimation of post-mortem interval. Aust J Forensic Sci. 2020 Sep 2;52(5):508–17.  

[51] Bray M. Chemical estimation of fresh water immersion intervals. Am J Forensic Med Pathol. 1985 Jun;6(2):133–40.  

[52] Burtis AC, Ahwoood ER, Bruns DE. Tietz - Fundamentals of Clinical Chemistry. 6th ed. 2008. 87, 433 p.  

[53] Blumenfeld TA, Mantell CH, Catherman RL, Blanc WA. Postmortem vitreous humor chemistry in sudden infant death 

syndrome and in other causes of death in childhood. Am J Clin Pathol. 1979 Feb 1;71(2):219–23.  

[54] Krstajic D, Buturovic LJ, Leahy DE, Thomas S. Cross-validation pitfalls when selecting and assessing regression and 

classification models. J Cheminformatics. 2014 Mar 29;6(1):10.  

[55] Nakatsu RT. Validation of machine learning ridge regression models using Monte Carlo, bootstrap, and variations in cross-

validation. J Intell Syst [Internet]. 2023 Jan 1 [cited 2024 Feb 2];32(1). Available from: 

https://www.degruyter.com/document/doi/10.1515/jisys-2022-0224/html 

[56] Lie JT. Changes of potassium concentration in the vitreous humor after death. Am J Med Sci. 1967 Aug;254(2):136–43.  

[57] Gadzuric SB, Podunavac Kuzmanovic SO, Jokic AI, Vranes MB, Ajdukovic N, Kovacevic SZ. Chemometric estimation of 

post-mortem interval based on Na+ and K+ concentrations from human vitreous humour by linear least squares and artificial 

neural networks modelling. Aust J Forensic Sci. 2014 Apr 3;46(2):166–79.  

[58] Ioelu L, Garland J, Palmiere C, Ondruschka B, Da Broi U, Glenn C, et al. Use of vitreous humor electrolytes in estimating 

postmortem interval in infant population (<1 year). Aust J Forensic Sci. 2022 Nov 2;54(6):757–66.  

[59] Madea B. Autolysis, Putrefactive Changes and Post-mortem Chemistry. In: Estimation of the Time Since Death. 4th ed. Boca 

Raton: CRC Press; 2023. p. 201–22.  

[60] Gamero Lucas JJ, Romero JL, Ramos HM, Arufe MI, Vizcaya MA. Precision of estimating time of death by vitreous potassium 

— comparison of various equations. Forensic Sci Int. 1992 Oct;56(2):137–45.  

[61] Madea B, Herrmann N, Henbge C. Precision of estimating the time since death by vitreous potassium — comparison of two 

different equations. Forensic Sci Int. 1990 Jul;46(3):277–84.  

[62] Ortmann J, Markwerth P, Madea B. Precision of estimating the time since death by vitreous potassium— comparison of 5 

different equations. Forensic Sci Int. 2016 Dec;269:1–7.  

[63] Bocaz-Beneventi G, Tagliaro F, Bortolotti F, Manetto G, Havel J. Capillary zone electrophoresis and artificial neural networks 

for estimation of the post-mortem interval (PMI) using electrolytes measurements in human vitreous humour. Int J Legal Med. 

2002 Feb 1;116(1):5–11.  

[64] Palacio C, Gottardo R, Cirielli V, Musile G, Agard Y, Bortolotti F, et al. Simultaneous analysis of potassium and ammonium 

ions in the vitreous humour by capillary electrophoresis and their integrated use to infer the post mortem interval (PMI). Med 

Sci Law. 2021 Jan;61(1_suppl):96–104.  



153 https://ijmtlm.org 

[65] S Kurup S, Bharathi M, Narayan G, R V, R R, Suvvari TK. Estimation of time since death from potassium levels in vitreous 

humor in cases of unnatural death: a facility-based cross-sectional study. Cureus. 2023 May 27;15(5):e39572. doi: 

10.7759/cureus.39572. 


