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ABSTRACT: Upon review of the literature, extensive disagreement was found as to the useful- 
ness of vitreous humor potassium concentration as a predictor of the postmortem interval (PMI). 
A pilot study of 1427 cases was performed to address this problem. The requisite statistical analy- 
sis for the prediction of PMI is inverse prediction. The 95% inverse prediction interval was found 
to be approximately --+20 h. The linear regression equation for the data was y = 0.238 x + 
6.342, with a coefficient of determination (r 2) of 0.374. This r 2 value means that 62.6% of the 
variation of potassium is unaccounted for by the variation in PMI. Further studies are required 
to attribute this unaccounted variation to quantifiable factors. This would narrow the inverse 
prediction interval and enable vitreous potassium to be a useful aid in the prediction of PMI. 
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Literature  R e v i e w  

The efficacy of vitreous h u m o r  potass ium concentra t ion  as a predictor  of the pos tmor tem 
interval (PMI)  has  been in content ion for two decades.  Confidence in such predict ion has 
ranged f rom a roseate + 2 . 2  h [1] to Camps ' s  terse " ' . . .  the only accurate way of es t imat ing 
the t ime of dea th  is to be there when it happened '  "[2]. Since 1977, the Orange County 
Sheriff-Coroner 's  Office has  been studying vitreous h u m o r  chemistries.  Potassium concen- 
t ra t ion  and  its use in the predict ion of t ime of dea th  has been par t  of this project. This  pilot 
study of 1427 cases is presented to elucidate statistics useful in the predict ion of t ime of 
death.  The  l i terature  per t inent  to PMI  predict ion starts  chronologically with N a u m a n  in 
1959. 

N a u m a n  analyzed 211 h u m a n  vitreous h u m o r  samples and  described the range of post- 
mor tem potass ium values [3]. He discussed his inferences concerning possible an temor tem 
levels and  the rise of potass ium content  pos tmortem.  In 1961, Jaffe [4], using 36 determina-  
tions f rom 31 cases, related potass ium concentra t ion  to the logar i thm of t ime (PMI).  He also 
found " . . .  a consistent  rise in the  level of potassium, commencing  shortly after dea th  and  
cont inuing for 125 hours . "  

In 1963, Addleson et al. [5] used 349 eyes of 209 individuals to describe, as would all 
subsequent  researchers with the exception of Crowell and  Duncan  [6], a l inear relat ionship 
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between potass ium concentra t ion  and  the PMI.  In thei r  predict ion of PMI,  a 95% con- 
fidence interval was used. For their  da ta  in toto, this 95% confidence interval was + 10 h. 
In the subgroup of " . . .  acute t r a u m a  with dea th  within 6 hours  . . . .  " the interval was 
4- 5.75 h. They concluded t ha t  predict ion was not accurate  and  " . . .  thus  the es tab l i shment  
of t ime of dea th  using the concentra t ion  of the vitreous potass ium offers little of practical  
v a [ u e  . . . "  

In 1963, Sturner  [7], and  in 1964, Sturner  and  G a n t n e r  [8] presented data  f rom 91 cases 
with a " s t a n d a r d  er ror"  of 4.7 h. They fu r ther  s tated tha t  " . . .  the s tandard  error  does not  
increase as the dea th  interval lengthens . . . .  " and  depicted the method as being " . . .  re- 
markably  a c c u r a t e . . . "  In 1965, Hughes [9], using 135 cases, took exception to the  results 
of S turner  and  G a n t n e r  on all points.  "The re  is no question tha t  the variance is more t han  5 
hours  . . . and  t ime of dea th  cannot  be put  any more accurately than  within about  20 
hours . "  

In 1966, Hansson et al. [10] presented data  f rom 203 eases in which 

�9 . . the dispersion of the potassium values was much greater than in Addleson's series, the stan- 
dard deviation for a postmortem interval of 0-20 hours being nearly twice as great as that re- 
ported by him and increasing further after this interval. 

The  reference to an increasing " . . .  s t andard  deviation for a post mor tem interval . . ."  
is contrary to Sturner  and  G a n t n e r ' s  report  of a nonincreasing " s t a n d a r d  e r ro r . "  Though  
not  as sanguine  as Sturner  and  Gan tne r ,  the tone of Hansson et al . 's  conclusion is much  
more optimist ic than  tha t  of Addleson et al., s tat ing tha t  the use of potass ium concentra t ion  
% . . may be  w a r r a n t e d . . . "  and  " . . .  can give some indicat ion of the approximate  t ime of 
dea th . "  So, Hansson  et al. s tate conclusions of be t te r  confidence than  did Addleson et al. 
Surprisingly, they did this  with data  tha t  exhibi t  greater  dispersion t han  Addleson's .  

In April of 1967, Leahy and  Farber  [11] found the following: 

In 52 patients, values ranging from 4.4-16.6 meq/L were encountered. Any mathematical rela- 
tionship between vitreous potassium concentration and the postmortem interval in 12 patients 
who died sudden deaths in this series was not apparent. 

In August  of 1967, Lie [12], with 88 cases, agreed totally with Sturner  and  G a n t n e r  on all 
points and  was equally optimistic: "It is a remarkably  simple and  accurate  method  for esti- 
mat ing  the  pos tmor tem interval especially after  the  first 24 hours . "  

In 1969, Coe [13] reported 145 cases and  found himself in agreement  with Hansson et al. 
and  thei r  content ion tha t  s t andard  error  increased with an  increase in PM[.  Coe fu r the r  
concurred with the i r  conclusions, s tat ing t ha t  vitreous potass ium concentra t ion  " . . .  can be 
of some help in es t imat ing the t ime of d e a t h . . . "  Unique  to his analysis, Coe described his 
da ta  in 2 new subgroups:  (1) cases with a PMI  of less than  6 h and  (2) cases with a PMI of 6 h 
or greater.  Each subgroup was described by a separate l inear regression equat ion.  

In 1972, Adjutant is  and  Coutselinis [1], using 120 cases, produced a bifaceted analysis. 
Following what  appears  to be the procedures of previous researchers (with the exception of 
meticulous centr ifugation to separate  the "vitreous h u m o u r "  f rom the "vi treous layer"),  
they stated " . . .  the s t andard  deviation from regression of the  X values is S~.y = 1.7 hours.  
Accordingly, in about  two-thirds of the cases the real t ime of dea th  lies between the  limits 
X 4- 1.7 hours  . . ."  This s t andard  deviation of 1.7 h should correspond to a 95% confi- 
dence interval of 4-3.4 h, be t ter  t han  any previous researcher  has  claimed. Fur ther ,  they 
contend tha t  this  PM[  predict ion can be  improved upon by sampling each eye separately at  
different t imes after  death .  Using these two points,  a line is extrapolated to the  " . . .  ac- 
cepted normal  in vivo value of 3.4 mequiv/ l i t re  . . ."  and  the PMI is calculated.  For  this  
method they claim " . . .  the  s tandard  deviation about  the regression line is equal  to 1.1 
h o u r s . . . "  and  tha t  " . . .  in about  two-thirds of the cases the actual  interval f rom dea th  will 
be within the limits 4-1.1 hours . "  This  s t andard  deviation of 1.1 h should correspond to a 
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95% confidence interval of _+2.2 h. They further state " . . .  potassium values cease to in- 
crease after about 10-12 hours from the time of d e a t h . . . "  and that this two sample method 
is proposed only for this postmortem period from 0 to 12 h. 

In 1974, Crowell and Duncan [6] became the first researchers since Jaffe to relate potas- 
sium concentration to the logarithm of time (PMI). In their study of 60 dogs, they presented 
data with a 95 % confidence interval of approximately +_ 12 h. They also made the interesting 
observation that the weight of the dog influenced potassium concentration. In 1977, Komura 
and Oshiro [14] performed studies on 90 human cadavers and 30 rabbits to demonstrate that 
temperature influences vitreous potassium concentration. In their 1980 study of 60 mongrel 
dogs, Schoning and Strafuss [15.16] agreed, stating " . . .  potassium increased with temper- 
ature when time was held constant." This is directly contrary to the reports of several pre- 
vious researchers [4,5, Z 8.12]. 

In their 1979 study of 127 juvenile cases, Blumenfeld et al. [l 7] obtained a 95% confidence 
interval of +_26 h for the mean potassium concentration and concluded that " . . .  postmor- 
tem vitreous humor concen t ra t ions . . ,  cannot be u s e d . . ,  to establish time of death." 

Review of the literature shows a great deal of disagreement on PMI prediction. Data from 
different researchers appear to be in conflict. Even those researchers with similar data have 
drawn conclusions that are in conflict. In addition, different statistical methods were used by 
different researchers making comparisons difficult. The underlying assumption when relat- 
ing PMI to potassium concentration is that differences in potassium concentration are the 
result of differences in PMI. But with the possibility of weight of the decedent and ambient 
temperature being important factors, this assumption may be simplistic. In this study, our 
hope was that a larger sample size might clarify these areas of disagreement. 

Materials and Methods 

The samples for this study were obtained from decedents who were coroner's cases of the 
County of Orange, California. In general, the bodies were unrefrigerated from time of death 
to the time when the vitreous samples were drawn. Samples were taken at PMIs ranging up 
to 35 h. The great majority of the decedents were adults, but the ages ranged from newborn 
to 90 years. 

The vitreous humor was aspirated through a puncture at the lateral canthus with an 18- 
gauge needle and a 5 to 30-mL disposable syringe. To insure an adequate volume of sample 
for analysis, right and left eye aspirates were usually pooled. All previous researchers have 
shown no difference between right and left eye samples of the same decedent [1,5,8,9, 
12.13]. Visibly discolored samples were excluded from the study. Samples were routinely 
filtered to prevent plugging of the small pump tubes during analysis by the Technicon 
SMAC-20. The method used by the SMAC for the analysis of potassium concentration is the 
direct potentiometric procedure, by means of a potassium ion selective electrode. The SMAC 
has a peak selector with a relatively narrow range of 1.9 to 8 meq/L. The vast majority of 
postmortem potassium values were outside of this narrow range and were subsequently de- 
termined by flame photometry. 

The wide range of potassium values which we found within groups of samples with the 
same PMI is in agreement with some of the studies cited earlier [9,10,17]. Some authors 
divided their data into subpopulations as a method of addressing this problem of wide range 
in the data [5,8,13]. We did this as well by editing our data. 

Data within each hourly group were ranked according to increasing potassium concentra- 
tion, and data points that appeared graphically to be outliers were excluded from the study. 
The mean and standard deviation were then calculated for the remaining points of each 
hourly group. Data points outside of 2 standard deviations from the mean were then ex- 
cluded. The data remaining comprise the 1427 samples used in this study. The data are 
plotted in Fig. 1. 
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Most of the data points excluded from the study were quite elevated. These high values 
generally fit into clinically significant subpopulations with death as a result of causes such as 
Sudden Infant Death Syndrome (SIDS), drowning, electrol3ete imbalance, temperature ex- 
tremes (freezing and burning), and cases in which toxicology studies were required. By divid- 
ing the data into subpopulations, we removed these elevated values from our sample and 
reduced the range of the data. The remaining data should then have a better correlation with 
time and allow better PMI prediction. 

It should be emphasized that the procedure of calculating means and standard deviations 
from ranked data is not statistically valid. It was used solely as an editing device and gives no 
measure of central tendency for the data. These statistics were used to search the hourly 
groups for a "normal" population and thereafter to identify and categorize the "abnormal" 
clinically significant subpopulations. The final step was the statistical analysis of the data. 
The Statistical Package for the Social Sciences (SPSS) computer statistics package was uti- 
lized and the inverse prediction interval was then calculated using the formula 

.,~ + b ( Y , - ~ ' )  + - -  ) . x  + K  1 + (1) 
K -- K ~x  2 

where t = t,~i2),~,,_2 J and K = b 2 ~ ~ - -  t ~  [181.  

Results 

Because of the results of previous research [5, 7-10,12.13], we had good reason to hypothe- 
size that after death potassium concentration rose in a linear fashion. This hypothesis was 
verified by least-squares analysis. The linear regression equation obtained for potassium 
concentration (y) versus time (x) is y = 0.248 x + 6.342 (see Fig. 1). 

A pertinent ancillary statistic is the coefficient of determination (r2). The coefficient of 
determination, when multiplied by 100, gives the percentage of the potassium concentration 
variation that is directly attributable to the variation in PMI. In this study, r 2 is 0.374 or 
37.4%. This leaves 62.6% of potassium concentration variability that can be attributed to 
factors other than time [18-20]. With the large percentage of potassium concentration vari- 
ability unaccounted for by PMI, it should come as no surprise that the inverse prediction 
interval is also large. The 95~ confidence limits of inverse prediction for each point of potas- 
sium concentration are approximately •  h. 

Discussion 

In the course of an investigation, a forensic pathologist may wish to use vitreous humor 
potassium concentration to help establish the PMI. Pragmatically, he will make his predic- 
tion from a single sample of vitreous humor. If his prediction is to be accurate, he must use 
the proper statistics in his analysis. The use of a single potassium concentration (the depen- 
dent variable) to predict the PMI (the independent variable) necessitates the use of inverse 
prediction (more commonly, independent variables are used to predict dependent variables). 
A confidence interval for a regression line does not include the random error component 
inherent in the use of a single determination for prediction purposes. Consequently, a confi- 
dence interval is too narrow and gives the spurious impression of better predictability than is 
possible [21]. 

The data of this study, and hence its conclusions, are limited to the range of 35-h postmor- 
tem. It would be dangerous (and poor statistical practice) to extrapolate and draw conclu- 
sions about the later hours of PMI from this data. For example, the question as to whether 
the variance (Sturner used the term "standard error," Hughes "variance," and Hansson 



508 JOURNAL OF FORENSIC SCIENCES 

" s t anda rd  deviat ion")  increases with an increase in PMI cannot  be answered from this 
study. 

As ment ioned  in the Materials  and  Methods section, the ul t imate effect of the editing 
process is the reduction in range of the potassium values. This reduction could have nar- 
rowed the inverse predict ion interval to a degree tha t  would have given one unwarran ted  
confidence in one's  ability to predict PMI.  In fact, the editing process did narrow the inverse 
predict ion interval, but  •  h can hardly make one feel overconfident.  More enl ightening 
than  th~ size of the inverse predict ion interval is the coefficient of determinat ion,  which 
showed that  62.6% of the variation of potassium was unaccounted for. 

If a portion of this 62.6% could be a t t r ibuted to some known and quant i f iable  factors, the 
ability to predict  PMI could be greatly enhanced.  Future  studies may show, however, t ha t  
some factors such as ambien t  tempera ture  play a greater  role than was previously believed, 
and  may essentially be beyond our control. Other  factors, such as sampling technique ( tha t  
is, force of vacuum upon aspirat ion,  storage tempera ture  of the sample after aspiration),  

sex, age, race, or cause of death  may prove to be quant i f iable  and  improve PMI prediction.  
The possibility remains  tha t  in very early or later hours  potassium may not rise linearly. A 
polynomial curve fit may be in order and improve predictabil i ty further.  Studies focusing on 
the use of other  chemical  de te rminants  in conjunction with potassium may prove promising. 
We are currently examining phosphorus  for this use. These sorts of studies might  explain 
some of the diametrically opposed reports in the l i terature and  help reconcile the research 
into a practical  and useful aid in forensic medicine. 
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