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Osmolality and Other Chemical Determinations 
in Postmortem Human Vitreous Humor 

The measurement of osmotic pressure in blood and urine has been used extensively in 
clinical investigation and is beginning to be available as a diagnostic test in the hospital 
laboratory [1-4]. It is dependent on the number of solute particles in solution, rather than 
their shape, weight, or charge. The determination of the freezing point depression of a 
solution gives a good estimate of the number of particles and is the basis for the calcula- 
tion of the osmolality. Serum osmolality has a normal range of 275 to 295 mOsm/kg, with 
electrolytes, particularly sodium, contributing over 90 percent of this value. Glucose, 
nonprotein nitrogen, and protein substances make up a large portion of the remainder. 
The average osmolality of urine ranges from 300 to 1090 mOsm/kg, varies with dietary 
intake, and is generally higher in males [3]. The mean value for cerebrospinal fluid osmo- 
lality in fifty living patients was found to be 281 mOsm/kg, and the range of  values ex- 
tended from 269 to 304 mOsm/kg [5]. Postmortem spinal fluid studies to date have not 
included osmolality determinations. 

Specimens of vitreous humor from the eyes of human subjects are easily withdrawn 
following death and have been submitted to a number of chemical [6, 7] and more recently, 
toxicologic determinations [8,9,10]. The concentrations of vitreous humor electrolytes 
(with the exception of potassium) and other substances such as urea nitrogen, reflect 
terminal serum concentrations and are maintained several days following death in the 
absence of severe putrefaction [6]. It was believed that osmolalities in vitreous humor, to 
our knowledge not previously recorded, should be obtained and compared to other 
measurable factors in this medium. Since determination of osmolality is essentially a 
nondestructive testing technique, its performance does not compete for sample with other 
desired studies. 

Materials and Methods 

Forty-five specimens were obtained by inserting a no. 20 needle attached to a 12-ml 
disposable plastic hypodermic syringe into the lateral sclera of each eye, with approxi- 
mately 4 ml of vitreous humor being collected from each subject. The specimens were 
frozen in rubber-stoppered, chemically clean test tubes and analyzed at a later date. The 
subjects involved died from various traumatic and natural disease processes. Each was a 
case of sudden death at the scene or was dead on arrival at a local hospital. No parenteral 
fluid or medication had been terminally administered. 
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The osmometer employed was the Cryomatic, Model 31CM ~ which requires a 2-ml 
sample for a single determination. The results obtained with this instrument were checked 
by using the manual, Advanced Wide Range Osmometer, manufactured by the same 
company. Twenty independent replicate determinations were performed on samples of 
vitreous humor using each instrument and a comparison of the results obtained revealed 
a correlation coefficient of 0.99428, using the method of least squares [11]. The regression 
equation is Osmolality (manual) = -3 .8344 q- 1.0047 • Osmolality (automated). Pre- 
cisions of the two methods may be expressed by their standard deviations. They are 0.8257 
and 0.9293 for the manual and automated procedures respectively, based on the differ- 
ences between 22 sets of duplicate assays on each instrument. The F value for the variances 
(S.D. 2) is 1.2666. From these data, there is probably no significant difference in the values 
obtained from the two instruments. 

Biochemical profiles were obtained of the original specimens using the Model SMA-12 
Auto Analyzer? Ethyl alcohol was determined in the blood using standard gas chromato- 
graphic methods. Specimens of pooled vitreous humor were prepared by combining the 
contents of 22 random samples and refreezing 2-ml aliquots in B-D Vacutainer test tubes. 
At periodic intervals over twenty months, a single aliquot was submitted for osmometry 
using the Cryomatic, Model 31CM, and other chemical analyses were performed using 
routine microchemical methods. 

Results 

The values obtained in the 45 cases with pertinent information concerning age, sex, 
cause of death, blood alcohol concentration, and postmortem interval are listed in 
Table 1. In four instances the remaining sample was insufficient to reanalyze for a high 
potassium concentration and these results are indicated with the plus ( + )  sign indicating 
greater than. The blood alcohol concentration was not determined in two instances. The 
results of the analyses of the pooled samples are shown in Table 2. 

Discussion 

A wide range of osmolalities were found in the specimens of vitreous humor, Using a 
percent cumulative frequency distribution curve plotted on probability paper, we esti- 
mated the range (98 percent) for osmolality in all cases to be from 280 to 350 mOsm/kg. 
The standard deviation was not calculated for the total number of cases because of the 
abnormal distribution of the values. The numerous factors inherent in natural disease, 
immediate response to injury, and autolytic processes following death undoubtedly con- 
tributed to this variation. No relationship between osmolality and the postmortem 
interval or manner of death was evident. 

However, the osmolality was noted to be increased proportionally to the concentration 
of ethyl alcohol present in the blood. This supports the findings of Redetski et a[ and others 
in studies done on sermn from living patients [12,13]. Lactic acid produced within the 
subject, as well as the congener content of the ingested beverages have been shown to alter 
the expected osmolality. In those cases in our series which were negative for alcohol (28) 
the ~:2 standard deviation normal range is 288 to 323 mOsm/kg, with a mean value of 
305.7 mOsm/kg [11]. 

The concentrations of other chemical substances obtained in this group revealed 
occasional alterations. In one patient inflicted with multiple stab wounds, the glucose 

Advanced Instruments, Inc., Newton Highlands, Mass. 
Technicon Instruments Corp., Ardsley, N.Y. 
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value of  the vitreous humor  was 280 mg ~ without a corresponding increase in osmolality. 
The pancreas was free from disease and injury and there was no history of  diabetes 
mellitus. We have been unable to explain this observation. Another  finding of  interest was 
a depression of  the calcium concentrat ion in several t raumatic  cases. The concentration 
of  calcium in the vitreous humor  approximates half that  of  the normal  serum range of  
8.8 to 10.5 mg % [14]. A value of less than 4.0 mg % may indicate a hypocalcemic state, but  
we have observed only a limited number  (6) of  such cases and these have not included 
relevant clinical data. Furthermore,  Coe [6] has suggested that  abnormal  calcium concen- 
trations, as indicated by antemortem serum findings, may not  be reflected as such in 
postmortem vitreous humor  analyses. We have been unable to document  a decrease of  
vitreous humor  calcium in a group of  infants dying f rom a variety of  causes, including the 
crib death syndrome [15]. As expected, those instances in which sodium was elevated 
there was a proport ional  increase in osmolality, but the small number  of  such cases pro- 
hibited separate statistical analysis. 

The frozen pooled specimens of  vitreous humor  which were tested during regular 
intervals for twenty months showed no significant alterations from their original values. 
Two specimens revealed decreased glucose and may have been contaminated with micro- 
organisms, but bacteriologic studies were not  performed. The concentrat ions of  potassium 
and total  protein were somewhat variable and uric acid showed a mild depression, but  
the other substances remained fairly constant over the period of  study. 

Summary 

The osmolalities of  forty-five human postmortem vitreous humor  specimens were 
determined. The normal  range was estimated to be from 280 to 350 mOsm/kg .  No  corre- 
lation with time and manner  of  death was observed, but  the higher values corresponded to 
the amount  of  ethyl alcohol present. In those instances in which ethyl alcohol in the b lood 
was not detected, the standard deviation range was 288 to 323 mOsm/kg .  Measurements  
of  other chemical substances were recorded and calcium depression was noted in some 
traumatic cases. Pooled samples of frozen vitreous humor  showed only minor  changes 
during periodic analyses over  an interval of  twenty months. 
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