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ABSTRACT: The aim of this retrospective survey of unintentional 
carbon monoxide-related deaths in Vienna was to determine whether 
the cherry-pink coloring of livor mortis is a reliable finding for the 
coroner to suspect a carbon monoxide-related death immediately 
at the death scene. In addition, we investigated the recognition 
pattern of unintentional carbon monoxide-related deaths by Vien- 
nese coroners between 1984 and 1993. Therefore, we analyzed 
autopsy reports of postmortems performed at the Viennese Institute 
of Forensic Medicine between 1984 and 1993. The study involved 
182 unintentional carbon monoxide-related deaths: 92 females and 
90 males. We found a strong association between the carboxyhemo- 
globin level and the cherry-pink coloring of livor mortis. In 98.4% 
of unintentional carbon monoxide-related deaths livor mortis were 
clearly cherry-pink. During the 10-year study period Viennese coro- 
ners recognized only 61% of unintentional carbon monoxide-related 
deaths immediately at the death scene. The percentage of unrecog- 
nized carbon monoxide fatalities with a clear cherry-pink coloring 
of livor mortis almost doubled from 1984 to 1993. The older the 
victim, the worse the coroners recognition. In summary, we have 
shown that coroners should be able to recognize unintentional 
carbon monoxide-related deaths immediately at the death-scene, 
because fresh corpses with carboxyhemoglobin levels greater than 
31% show a clear cberry-pink coloring of livor mortis. Therefore, 
coroners should be encouraged to examine naked corpses thor- 
oughly, especially regarding the color of livor mortis. Thus, a carbon 
monoxide-related death can be recognized immediately and the 
source of gas release identified as soon as possible protecting people 
who otherwise would also be at risk of poisoning. A careful investi- 
gation at the death-scene and a good degree of suspicion remain 
the key to early identification of such a hazard. 
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Carbon monoxide is a color-, odor- and tasteless gas produced 
by incomplete combustion of organic materials. Carbon monoxide 
poisoning occurs frequently in industrialized countries [1,2]. Fail- 
ure to diagnose a carbon monoxide intoxication as soon as possible 
and to remove the patient and cohabitants immediately from the 
contaminated environment can lead to serious morbidity and mor- 
tality [3-6]. 

In Vienna, the capital of Austria, there are presently 1,642,391 
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inhabitants who live in 746,760 households [7]. About 92% of 
these households are equipped with gas-fueled devices. Despite 
the replacement of carbon monoxide-rich coal gas with carbon 
monoxide-free natural gas in Vienna between 1970 and 1978, 
people still die of unintentional carbon monoxide poisoning. 

Pathological changes attributable to fatal carbon monoxide poi- 
soning include cherry-pink discoloration of the blood and muscula- 
ture. Furthermore, in textbooks of forensic medicine fresh corpses 
with carboxyhemoglobin levels greater than 30% are said to show 
a typically cherry-pink coloring of livor mortis [8-10]. Despite this 
finding, in Vienna many cases of unintentional carbon monoxide- 
related deaths are not recognized immediately by coroners [11]. 
Since this harmful poisoning is revealed only hours later at the 
Viennese Institute of Forensic Medicine, cohabitants and neighbors 
still remain at risk to this life-threatening intoxication until the 
source of carbon monoxide is eliminated [12,13]. 

This retrospective study aims to determine whether the cherry- 
pink coloring of livor mortis is a reliable finding for the coroner 
to suspect a carbon monoxide-related death immediately at the 
death-scene. In addition, we investigated the recognition pattern 
of unintentional carbon monoxide-related deaths by Viennese coro- 
ners between 1984 and 1993. 

Materials and Methods 

Coroners' and post-mortem reports of unintentional carbon mon- 
oxide-related deaths, examined at the Institute of Forensic Medi- 
cine in Vienna between 1984 and 1993, were analyzed. All deaths 
for which carbon monoxide was listed as the underlying cause as 
well as a contributing factor were considered for this retrospective 
study. In case of fire (flames, bums, explosives) data were excluded 
from this analysis because the public health issues arising from 
such deaths are primarily related to preventing house fires [2]. In 
the case of decomposition, coloring of livor mortis cannot be 
judged by the coroner. Therefore, these corpses were also excluded. 
Blood samples for carboxyhemoglobin determination were ana- 
lyzed using a spectrophotometer (M4 QIII, Carl Zeiss). 

Data were summarized as mean -+ standard deviation (SD). We 
considered differences significant at P < 0.05. SAS 6.08 | (SAS 
Institute Inc., Cary, NC, USA) was used for numerical analysis. 

Results 

Study Subjects 

From 1984 to 1993 28,171 corpses were examined at the Institute 
of Forensic Medicine in Vienna. In 366 cases, unintentional carbon 
monoxide inhalation was either an underlying cause of death or 
a contributing factor, 166 deaths were due to fire and therefore 
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were excluded. 18 corpses were decomposed and therefore were 
also excluded. Thus, the coroners' and postmortem reports of 
182 carbon monoxide-related deaths were analyzed. This sample 
consisted of 92 female victims who were clearly older at time of 
death than the 90 male victims (68.0 -+ 22.3 vs. 50.0 - 23.3 
(SD) years). 

Carboxyhemoglobin Levels and Color of  Livor Mortis 

The older the victim, the lower the carboxyhemoglobin level, 
which decreased by 0.16% per living year (regression analysis: P 
< .0001), a finding which may be explained by the fact that many 
elderly people with coronary artery, heart, or lung disease already 
have a compromised ability to oxygenate. The range and mean of 
carboxyhemoglobin levels were 18 to 87 and 62 --+ 12 (SD) % 
carboxyhemoglobin, respectively. There was a strong association 
between the carboxyhemoglobin level and the cherry-pink coloring 
of  livor mortis (Wilcoxon 2-sample test: P < 0.01). 3 corpses 
with 18, 28 and 31% carboxyhemoglobin, respectively, showed 
no cherry-pink coloring of livor mortis. In 98.4% (n = 179) of 
unintentional carbon monoxide-related deaths livor mortis was 
clearly cherry-pink. 

Recognition Pattern of  Viennese Coroners 

Three cases showed no cberry-pink coloring of  livor morris 
and therefore were not considered for calculating the recognition 
pattern of Viennese coroners. During the 10-year study period 
coroners recognized only 61% of 179 unintentional carbon monox- 
ide-related deaths immediately at the death scene. The percentage 
of unrecognized carbon monoxide fatalities with clearly cherry- 
pink livor mortis almost doubled from 1984 to 1993, whereby 
this deterioration of the recognition pattern was not statistically 
significant (Table 1). There was a strong reverse association 
between the age of the victim and the recognition pattern. The 
older the victim, the worse the coroners' recognition (Mantel- 
Haenszel Chi-square: P < 0.001) (Table 2). 

Discussion 

The cherry-pink coloring of livor morris is a reliable finding 
for the coroner to suspect a carbon monoxide-related death immedi- 
ately at the death-scene. In our sample, only in three cases there 
was no cherry-pink coloring of livor morris. However, in 98.4% 

TABLE 1--Unintentional carbon monoxide poisoning with a clear 
chero,-pink coloring of livor mortis (n = 179) and recognition 

pattern of Viennese coroners by year. 

No. No. % 
Year examined unrecognized unrecognized OR ~ 95% CI a 

1984 15 4 26.7 1.0 b 
1985 26 9 34.6 0.69 0.17-2.79 
1986 27 10 37.0 0.62 0.16-2.47 
1987 25 8 32.0 0.77 0.19-3.20 
1988 12 5 38.5 0.58 0.12-2.88 
1989 19 6 31.6 0.79 0.18-3.53 
1990 14 8 57.1 0.27 0.06-1.30 
1991 18 8 44.4 0.46 0.10-1.99 
1992 11 6 54.6 0.30 0.06-1.58 
1993 12 5 41.7 0.51 0.10-2.57 
Total 179 69 38.6 

aOR, odds ratio; CI, confidence interval. 
bReferent. 

TABLE 2--Unintentional carbon monoxide-related deaths with a clear 
cherry-pink coloring of livor mortis (n = 179) and recognition 

pattern of Viennese coroners by age. 

No. No. % 
Age examined unrecognized unrecognized OR a 95% CP 

<11 2 0 0.0 
11-20 13 0 0.0 
21-30 21 4 19.0 1.0 b 
31-40 15 3 20.0 0.94 
41-50 16 5 31.2 0.52 
51-60 16 5 31.2 0.52 
61-70 11 5 45.4 0.28 
71-80 39 20 51.3 0.22 
>80 46 27 58.7 0.17 
Total 179 69 38.6 

Chi-square for trend < 0.001 

0.17-4.99 
0.11-2.63 
0.11-2.36 
0.06-1.41 
0.06--0.79 
0.05-0.57 

aOR, odds ratio; CI, confidence interval. 
bReferent. 

of unintentional carbon monoxide-related deaths livor mortis was 
clearly cherry-pink. 

The recognition pattern of unintentional carbon monoxide- 
related deaths by Viennese coroners between 1984 and 1993 was 
rather unsatisfactory. Only 61% of deaths with clearly cherry-pink 
coloring of  livor morris were immediately recognized at the death- 
scene. Furthermore, the recognition pattern did not change during 
the 10-year study period. In contrast, the percentage of  unrecog- 
nized cases doubled from 1984 to 1990, followed by a smooth 
decrease. This finding is notable, as in Vienna this severe hazard 
has always been a main issue in lectures, which form part of a 
compulsory postgraduate course for medical doctors wishing to 
become coroners. The forensic science module of this postgraduate 
course, which runs for two semesters, consists of 19 double lessons 
in which all areas of forensic medicine are covered plus one double 
lesson with a demonstration post-mortem, and a final exam. 

Moreover, all corpses taken into account in this study showed 
a clear cherry-pink coloring of livor mortis. Thus, in these cases 
an accurate external examination of the naked body at the death- 
scene would have been sufficient. Particularly in case of carbon 
monoxide-related deaths aggressive efforts must be made to elimi- 
nate the gas source as soon as possible to protect other people, 
such as neighbors and cohabitants. Carbon monoxide can also 
penetrate walls through structural defects [3,12]. Thus, still undiag- 
nosed victims could exist who must be immediately identified and 
promptly treated to reduce the frequency of  late, mainly neuropsy- 
chiatric, changes [4,14,15]. As yet, in Vienna there have been no 
subsequent intoxications or deaths as a result of a carbon monoxide- 
related death unrecognized by a coroner at the death scene; how- 
ever, this possibility can not be ignored as has been seen in other 
countries [3,16,17]. The comprehensive and properly performed 
investigation of unnatural, sudden, unexpected, and suspicious 
deaths is necessary to maintain the health, safety, and well-being 
of  society. Adequate death investigation requires the combined 
efforts and cooperation of law enforcement and other public service 
agencies, medical professionals, and individuals in the forensic 
science community. As such, the forensic or death investigator 
plays a crucial role in the medicolegal investigative process. These 
front-line investigators, whether they be coroners, medical examin- 
ers, medical professionals, or lay individuals, are required to make 
important decisions which have far reaching consequences on death 
investigation proceedings and manner of  death determinations [18]. 
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In summary, we have shown that coroners should be able to 
recognize unintentional carbon monoxide-related deaths immedi- 
ately at the death-scene, because fresh corpses with carboxyhemo- 
globin levels greater than 31%, show a clear cherry-pink coloring of 
livor mortis. Therefore, coroners should be encouraged to examine 
naked corpses thoroughly, especially regarding the color of livor 
mortis. Thus a carbon monoxide-related death can be recognized 
immediately and the source of gas release identified as soon as 
possible, protecting people who otherwise would also be at risk of 
poisoning. It must be reemphasized that not all carbon monoxide- 
related deaths are immediately obvious, but a careful investigation 
at the death-scene and a good degree of suspicion remain the key 
to early identification of such a hazard [19,20]. 

References 

[1] Theilade, E, "Carbon Monoxide Poisoning. Five-Years Experience 
in a Defined Population," American Journal of Forensic Medicine 
and Pathology, Vol. 11, 1990, pp. 219-225. 

[2] Cobb, N. and Etzel, R. A., "Unintentional Carbon Monoxide-Related 
Deaths in the United States, 1979 Through 1988," The Journal of 
the American Medical Association, Vol. 266, 1991, pp. 659-663. 

[3] Thomsen, J. L. and Kardel, T., "Intoxication at Home Due to Carbon 
Monoxide Production from Gas Water Heaters," Forensic Science 
International, Vol. 36, 1988, pp. 69-72. 

[4] Sidney Smith, J. and Brandon, S., "Morbidity from Acute Carbon 
Monoxide Poisoning at Three-Year Follow-up," British Medical 
Journal, Vol. 1, 1973, pp. 318-321. 

[5] Grace, T. W. and Platt, E W., "Subacute Carbon Monoxide Poison- 
ing," The Journal of the American Medical Association, Vol. 246, 
1981, pp. 1698-1700. 

[6] Barret, L., Danel, V., and Faure, J., "Carbon Monoxide Poisoning, 
a Diagnosis Frequently Overlooked," Journal of Toxicology, Vol. 24, 
1985, pp. 309-313. 

[7] Health Authority of the City of Vienna (1985-1993) "'Health Reports 
for Vienna, 1984-1992," Vienna: Health Authority of the City of 
Vienna, 1985-1993. 

[8] Marshall, T. K., "Changes After Death" in Gradwohl's Legal Medi- 
cine, E E. Camps, Ed., John Wright & Sons, Limited, 2nd ed., Bristol, 
UK, 1967, pp. 80-107. 

[9] Spitz, W. U., "Carbon Monoxide Poisoning" in Medicolegal Investi- 
gation of Death, W. U. Spitz and R. S. Fisher, Eds., Charles C 
Thomas, 1st ed., Springfield, IL, 1973, pp. 288-291. 

[10] Knight, B., "Carbon Monoxide Poisoning" in Forensic Pathology, 
Bernard Knight, Ed., Oxford University Press, 1st ed., New York, 
NY, 1991, pp. 505-510. 

[11] Holczabek, W. and Denk, W., "Die im Jahre 1986 im Institut far 
Gerichtliche Medizin der Universitat Wien obduzierten und bei der 
Totenbeschau nicht erkannten Kohlenoxidvergiftungen," Mittei- 
lungen der Osterreichischen Saniti~tsverwaltung, Vol. 88, 1987, pp. 
389-394. 

[12] Wharton, M., Bistowish, J. M., Hutchenson, R. H., and Schaffner, 
W., "Fatal Carbon Monoxide Poisoning at a Motel," The Journal of 
the American Medical Association, Vol. 261, 1989, pp. 1177-1178. 

[13] Sadovnikoff, N., Varon, J., and Sternbach, G. L., "Carbon Monoxide 
Poisoning. An Occult Epidemic," Journal of Postgraduate Medicine, 
Vol. 92, 1992, pp. 86-88. 

[14] Zagami, A. S., Lethlean, A. K., and MeUick, R., "Delayed Neurologi- 
cal Deterioration Following Carbon Monoxide Poisoning: MRI Find- 
ings," Journal of Neurology, Vol. 240, 1993, pp. 113-116. 

[15] DeReuck, J., Decoo, D., Lemahieu, et al., "A Positron Emission 
Tomography Study of Patients with Acute Carbon Monoxide Poison- 
ing Treated by Hyperbaric Oxygen," Journal of Neurology, Vol. 240, 
1993, pp. 430--434. 

[16] Bayer, M. and Waibl, K., "Fahrl~tssige Totung durch oberfl~tchliche 
Leichenschau. Todesursache nicht erkannt: Zweiter TodesfaU," Forts- 
chritte der Medizin, Vol. 107, 1989, p. 71. 

[17] Hunger, H., Tr~iger, H. D., and Urban, R., "Kunstfehler Kohlenmo- 
noxidvergiftung," Be#rage zur Gerichtlichen Medizin, Vol. 48, 1990, 
pp. 141-145. 

[18] Prahlow, J. A., "Medical Examiner/Death Investigator Training 
Requirements in State Medical Examiner Systems," Abstract G24, 
presented at the American Acadamy of Forensic Sciences and The 
Forensic Sciences Foundation, Inc., 46th Annual Meeting, February 
14-19, 1994, San Antonio, USA. 

[19] Devos, C., Timperman, J., and Piette, M., "Deaths in the Bath," 
Medicine, Science and Law, Vol. 25, 1985, pp. 189-200. 

[20] Bass, M., Kravath, R. E., and Glass, L., "Death-Scene Investigation 
in Sudden Infant Death," New England Journal of Medicine, Vol. 
315, 1986, pp. 100-105. 

Address requests for reprints or additional information to 
Daniele Risser, M.D. 
Institute of Forensic Medicine 
University of Vienna 
Sensengasse 2 
A-1090 Vienna 
Austria 


