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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 (PM1).
A pilot study of 1427 cases was performed to address this problem. The requisite statistical analy-
sis for the prediction of PMl 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 (r2) of 0.374. This r? 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 Review

The efficacy of vitreous humor potassium concentration as a predictor of the postmortem
interval (PMI) has been in contention for two decades. Confidence in such prediction has
ranged from aroseate 2.2 h [/] to Camps’s terse *“ *. . . the only accurate way of estimating
the time of death is to be there when it happened’ ”[2]. Since 1977, the Orange County
Sheriff-Coroner’s Office has been studying vitreous humor chemistries. Potassium concen-
tration and its use in the prediction of time of death has been part of this project. This pilot
study of 1427 cases is presented to elucidate statistics useful in the prediction of time of
death. The literature pertinent to PMI prediction starts chronologically with Nauman in
1959.

Nauman analyzed 211 human vitreous humor samples and described the range of post-
mortem potassium values [3]. He discussed his inferences concerning possible antemortem
levels and the rise of potassium content postmortem. In 1961, Jaffe [4], using 36 determina-
tions from 31 cases, related potassium concentration to the logarithm of time (PMI). He also
found ‘. . . a consistent rise in the level of potassium, commencing shortly after death and
continuing 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 linear relationship
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between potassium concentration and the PMI. In their prediction of PMI, a 95% con-
fidence interval was used. For their data in toto, this 95% confidence interval was +10 h.
In the subgroup of ““. . . acute trauma with death within 6 hours . . . ,” the interval was
=+5.75 h. They concluded that prediction was not accurate and ‘. . . thus the establishment
of time of death using the concentration of the vitreous potassium offers little of practical
value . . .”

In 1963, Sturner [7], and in 1964, Sturner and Gantner [8] presented data from 91 cases
with a “standard error” of 4.7 h. They further stated that ‘. . . the standard error does not
increase as the death interval lengthens . . .,” and depicted the method as being “. . . re-
markably accurate . . .”” In 1965, Hughes [9], using 135 cases, took exception to the results
of Sturner and Gantner on ail points. ““There is no question that the variance is more than 5
hours . . . and time of death cannot be put any more accurately than within about 20
hours.”

In 1966, Hansson et al. [10] presented data from 203 cases in which

. . . 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.

13

The reference to an increasing ““. . . standard deviation for a post mortem intervai . . .’
is contrary to Sturner and Gantner’s report of a nonincreasing ‘““standard error.”” Though
not as sanguine as Sturner and Gantner, the tone of Hansson et al.’s conclusion is much
more optimistic than that of Addleson et al., stating that the use of potassium concentration
... maybewarranted . . .” and ““. . . can give some indication of the approximate time of
death.” So, Hansson et al. state conclusions of better confidence than did Addleson et al.
Surprisingly, they did this with data that exhibit greater dispersion than Addleson’s.
In April of 1967, Leahy and Farber [1/] 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 Gantner on all
points and was equally optimistic: ““It is a remarkably simple and accurate method for esti-
mating the postmortem interval especially after the first 24 hours.”

In 1969, Coe [13] reported 145 cases and found himself in agreement with Hansson et al.
and their contention that standard error increased with an increase in PMI. Coe further
concurred with their conclusions, stating that vitreous potassium concentration ““. . . can be
of some help in estimating the time of death . . .” Unique to his analysis, Coe described his
data 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 linear regression equation.

In 1972, Adjutantis and Coutselinis [/], using 120 cases, produced a bifaceted analysis.
Following what appears to be the procedures of previous researchers (with the exception of
meticulous centrifugation to separate the “‘vitreous humour” from the *‘vitreous layer™),
they stated *“. . . the standard deviation from regression of the X values is S, = 1.7 hours.
Accordingly, in about two-thirds of the cases the real time of death lies between the limits
X £ 1.7 hours . . .” This standard deviation of 1.7 h should correspond to a 95% confi-
dence interval of +3.4 h, better than any previous researcher has claimed. Further, they
contend that this PMI prediction can be improved upon by sampling each eye separately at
different times after death. Using these two points, a line is extrapolated to the . . . ac-
cepted normal in vivo value of 3.4 mequiv/litre . . .”" and the PMI is calculated. For this
method they claim “. . . the standard deviation about the regression line is equal to 1.1
hours . . .” and that . . . in about two-thirds of the cases the actual interval from death will
be within the limits 1.1 hours.” This standard 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 death . . .”” 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 [/4] 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 [/5, 6] agreed, stating *“. . . potassium increased with temper-
ature when time was held constant.” This is directly contrary to the reports of several pre-
vious researchers {4.5,7.8,12].

In their 1979 study of 127 juvenile cases, Blumenfeld et al. [17] obtained a 95% confidence
interval of =26 h for the mean potassium concentration and concluded that **. . . postmor-
tem vitreous humor concentrations . . . cannot be used . . . 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 S 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 [/,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 eartier [9,70,17]. 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.



JOURNAL OF FORENSIC SCIENCES

506

BLE'Q SO (1) uonDUIULIBD JO N 1oYf00
D YnM Zpe9 + X 5770 = A spm pivp ayy 40f uonpnba uoissaifad avauy 3y ydvi§ ayg uo uorprsod 1wy;
10 smurod fo 4aquunu ayj awoipul sppaawinN “Apnis s1yl ur pasn syurod 47 ] aY1 smoys 101d ay [ (sianoy)
Joadaul wiariouizsod snsiaa (Tsbaw) uonpauaouon wnisspjod iowny snoaijia fo 10jJ—1 "OIJ

(s1noy) jeaIsiuf Wapowlsod

00°*6¢ 05°1¢ 00°ge 26w RIS 06 L1 [VISRL B¢ 06°01 00° L 06°¢ 0
A D e e B e B B b T it et S O e T 7 QU G A ARy ]
+ + 0
+ + 0g'¢g
2
* # ¥ £ £ < Z
* Z € £ 9 8 hH b L
+ *+ % ¢ £ € 62 8 6 6 9 & 5 g + 00°L
* * * 2 « £ %xh L 9 A B & 66 6 A § 8 L 6 2
LI * % % € % + & & % 466 8 6 6 6 H bHbH b B K B H % 2
* 2 % & x § 4 & L 3 68 B 5 6 & 6 6& 9 3 9 £ %k ¢
* % 22 2 * 4 b ¥ £ £ bH 5 H B 6E 5 6 6 5 L 66 ¢ [ S
+ Z x % % L3 6 v 3 6 & 9% 8 6 9 2 € 22 € 2 Z % % * + 06°01
* ¢ ¢ 9 ¢ € €& L L 3 3 %€ L ¥ £ 2 2 Y& £ 2 x % % *
2 % 22 % 2 % 2 %5 Q€ 8 v o4 5 o 26 b » 2 x 2 £ %k * 2 % *
* ¢ 2 % x 6 x L £ L 2 5 v 2€ 2 x 2 * ¥ ¥ < % *
2 2 2 2 2 *x 6 96 L x v 7 £ * * % ¥ % * c LI
+% * 2 9 k¥ v %2 x 9 » ¢ h 2 4 + 00°%1
2 x b 2 2 ¢ 2 2 € % o« * ¥ ¥ R - T
< * * 2 % * G 2 % - [ * *
S %k € * b OE % S ¢ ¢ *
* 2 I I T S TR 4 * [4 ¥ * *
+3 2 ¢ % * L T * + 0621
¥ % * * Z * * *
* * * * *  *
2 * %
* * * * % é
+ * * * + 0012
*
* *
*
+ + 06*%¢
* *
X uoijeljuaduo)
+ 00°ge
*
*
+ * +  06°1¢
+ + 00*gt

Pham—y + ————t + S +

———po——— ———1 + e i it Dl TS S Y



STEPHENS AND RICHARDS « VITREOQUS HUMOR CHEMISTRY 507

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, electrolyte 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, — 1_/) ¢ " (Y: — 17)2 < 1>i|
ALTI S A L AL {+— 1
X+t \/s”{ nm U %)

where t = ty) -2 and K = b — 1’5, [18].

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 (r?). 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? 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 £20 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 [27].

The data of this study, and hence its conclusions, are limited to the range of 35-h postmot-
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
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“standard deviation’') increases with an increase in PMI cannot be answered from this
study.

As mentioned in the Materials and Methods section, the ultimate effect of the editing
process is the reduction in range of the potassium values. This reduction could have nar-
rowed the inverse prediction interval to a degree that would have given one unwarranted
confidence in one’s ability to predict PMI. In fact, the editing process did narrow the inverse
prediction interval, but =20 h can hardly make one feel overconfident. More enlightening
than the size of the inverse prediction interval is the coefficient of determination, which
showed that 62.6% of the variation of potassium was unaccounted for.

If a portion of this 62.6% could be attributed to some known and quantifiable factors. the
ability to predict PMI could be greatly enhanced. Future studies may show, however, that
some factors such as ambient temperature play a greater role than was previously believed,
and may essentially be beyond our control. Other factors, such as sampling technique (that
is, force of vacuum upon aspiration, storage temperature of the sample after aspiration),
sex, age, race, or cause of death may prove to be quantifiable and improve PMI prediction.
The possibility remains that in very early or later hours potassium may not rise linearly. A
polynomial curve fit may be in order and improve predictability further. Studies focusing on
the use of other chemical determinants 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 literature and help reconcile the research
into a practical and useful aid in forensic medicine.
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