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(Introduction) Hydrogen sulfide is a toxic, colorless gas produced by decaying organic matter. Its

——Summary:

toxic effects are due to blocking of cellular respiratory enzymes, leading to anoxia.

(Case presentation] We report a 28-year-old man who attempted suicide using hydrogen sulfide
gas. When the emergency service arrived, his friend was dead and the patient was unconscious. He re-
ceived supportive treatment and survived. In this patient both skeletal muscle and myocardial injury
was observed after hydrogen sulfide intoxication. Skeletal muscle damage occurred first, because en-
zymes peak consisted of creatine phosphokinase, aspartate aminotransferase, and myoglobin was ob-
served on hospital day 4. Myocardial injury was apparent on hospital day 15, because the subsequent
enzymes peak was comprised of cardiac enzymes and associated electrocardiographic abnormalities.
On hospital day 3, myocardial injury was detected and it evolved over the next 3 weeks to recover com-
pletely.

(Conclusion) The mechanisms of rhabdomyolysis and myocardial injury resulting from hydrogen
sulfide poisoning are not known, but may be related to cellular anoxia or a direct toxic effect. This case
highlights not only the risk of delayed cardiac damage, but also rhabdomyolysis, and emphasizes that
careful monitoring of cardiac function and of the levels of skeletal muscle-related enzymes is essential
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for victims of hydrogen sulfide poisoning.

Key words : rhabdomyolysis, nuclear medicine, suicide, myocardial injury, hydrogen sulfide

Introduction

Hydrogen sulfide (H,S) is a colorless, heavier-
than-air, inflammable, highly toxic irritant and chem-
ically asphyxiant gas, which has a characteristic rot-
ten egg odor”. Most cases of H,S intoxication used to
involve occupational exposure for workers involved
in sewer maintenance, chemical manufacturing, and
oil production”®. However, the number of suicides

committed with H,S has increased in Japan recently

because of the increased availability of information
pertaining to this gas on the Internet”. Concentra-
tions of H,S above 1,000 ppm are usually fatal after a
few minutes, with a few breaths at this concentration
leading to sudden loss of consciousness and death”.
The mechanism of H,S toxicity is similar to that of cy-
anide, which involves inactivation of cytochrome oxi-
dase in the mitochondria that prevents cellular me-
tabolism of oxygen”. Via this mechanism, H,S

induces brain damage and hypoxic myocardial dam-
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% The present re-

age as well as mucosal irritation
port provides the results of cardiac testing, together
with cardiac morphological and functional imaging,
and level of skeletal muscle-related enzymes, in a
man who recovered from H,S poisoning after at-

tempting suicide.
Case presentation

This study was approved by our investigational re-
view board.

A 28-year-old man planned to commit suicide with
his friend in a storeroom by inhaling H,S, which was
generated by mixing a hydrochloric acid-based de-
tergent and sulfur-based bath soap. Before making
this suicide attempt, he called colleagues to inform
them. When the emergency service arrived, his
friend was already dead and the patient was uncon-
scious. Although the exact interval between suicide
attempt and the emergency service arrival was un-
clear, it was estimated to be about 6 hours and the
specific odor for H,S was already absent. He was im-
mediately transported to an emergency medical cen-
ter. At presentation, he was unconscious with no
spontaneous eye opening. There was no withdrawal
of his extremities in response to pain. He had labored
respiration and a persistent cough. The Glasgow
coma scale (GCS) was 5/15, respiration rate was 36/
min, blood pressure was 142/83 mmHg, pulse was
101/min, temperature was 37.6 C, and peripheral
oxygen saturation was 95% (with oxygen via a mask
at 10 L/min in the emergency room). Arterial blood
gas analysis revealed a pH of 7.425, PO, of 222
mmHg, PCO, of 35 mmHg, carboxyhemoglobin of
2.8%, and bicarbonate of 22.8 mEq/L. Serum chem-
istry showed mildly elevated muscle enzymes (cre-
atine phosphokinase (CPK) was 375 IU/L and myo-
globin was 139 ng/mL), with normal renal function
tests and electrolytes. Hematology tests showed a
white blood cell count of 17,700/4L, hematocrit of
38%, and platelet count of 198,000/,L. The levels of
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glucose, blood urea nitrogen, creatinine, sodium, po-
tassium, ionized calcium, and coagulation studies
were within normal limits. Neurological function
showed gradual improvement and he complained of
anterior chest pain, a sore throat, and headache.
Electrocardiograms were recorded on admission and
in the ICU, but were unremarkable (Fig.1). Five
hours after admission to ICU, his GCS was 14/15 and
it was 15/15 on hospital day 3. In addition to support-
ive care, he also received hydration. Renal function
remained normal. The levels of CPK, aspartate ami-
notransferase (AST), and myoglobin respectively
peaked at 7,203 IU/L, 217 IU/L, and 723 ng/mL on
hospital day 4, and then decreased (Fig.2). The
CPK-MB isoenzyme fraction reached a maximum of
118 ng/mL and troponin I reached a maximum of 3
ng/mL on hospital days 10 and 12, respectively
(Fig. 2). On hospital day 3, the electrocardiogram
(ECG) revealed ST segment elevation in leads I, II,
III, aVF, V5, and V6, as well as Q waves in leads III
and aVF. On hospital day 12, the ECG revealed nor-
malization of the ST segment, but Q waves persisted
in leads II and aVr (Fig. 1).

Transthoracic echocardiography was done on hos-
pital day 7 and cardiac magnetic resonance imaging
was performed on day 9 but the findings were unre-
markable. On day 12, to clarify the reason for the sus-
tained elevation of cardiac enzymes, we performed
cardiac nuclear imaging and measured the uptake of
% Te-tetrofosmin and beta-methyl-p- (*I) iodophe-
nyl pentadecanoic acid to assess myocardial blood
flow and myocardial fatty acid metabolism, respec-
tively. However, the cardiac nuclear findings were un-
remarkable. He was discharged with no symptoms

on hospital day 28.
Discussion

In this patient both skeletal muscle and myocardial
injury was observed after H,S intoxication. Skeletal

muscle injury occurred first, and myocardial injury
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Fig. 1 Electrocardiogram (ECG) changes
On hospital day 3, the ECG revealed ST segment elevation in leads I, II, III, aVF, V;, and V,, as well as Q waves in leads III and aVF.
On hospital day 12, the ECG revealed normalization of the ST segment, but Q waves persisted in leads III and aVr.

was apparent on hospital day 15.

A few cases of delayed myocardial damage after
exposure to H,S had been reported. One person died
of acute myocardial infarction at two months after ex-
posure to this gas®. Inoue et al reported two cases of
H,S poisoning with delayed lethal myocardial injury”.
A patient developed dilated cardiomyopathy 9 days
after H,S inhalation, associated with ECG changes
and elevation of cardiac enzymes®. Other survivors
also have shown delayed myocardial damage with
transient abnormalities of the ECG and cardiac con-
tractility” . The myocardium has a very high oxy-
gen requirement and thus is thought to be sensitive
to the disruption of oxidative metabolism'”. Binding
of H,S to mitochondrial cytochrome ¢ oxidase slows
oxidative phosphorylation and causes myocardial hy-
poxia”. However, the reason for delayed appearance
of cardiac injury after exposure to H,S is not appar-

ent. It could be suggested that cardiac injury due to

H,S inhalation is not only related to local hypoxia, but
also to selective organ toxicity for the myocardium,
but further study is needed to clarify this point.

As far as we know, this is the first report of rhabdo-
myolysis associated with H,S intoxication. H,S has a
mechanism of action similar to that of cyanide and it
affects metallo-enzymes, particularly mitochondrial
cytochrome oxidase, thereby preventing cells from
metabolizing oxygen® . The mechanism of rhabdomy-
olysis resulting from H,S poisoning is unknown, but
it may be related to cellular anoxia or a direct toxic
effect. The impaired consciousness observed in our
patient could have promoted rhabdomyolysis by
pressure-induced ischemia due to prolonged immo-
bilization and muscle compression. Possible unwit-
nessed seizures may also have contributed to skeletal

muscle breakdown.
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Fig. 2 Changes in the plasma levels of various muscle enzymes
. exposure in a working adolescent. Pediatrics 2004 ; 113 :
Conclusion 997-9.

This patient displayed skeletal muscle injury being
followed by myocardial injury after acute H,S intoxi-
cation. This report highlights not only the risk of de-
layed cardiac damage, but also rhabdomyolysis, and
emphasizes that careful monitoring of cardiac func-
tion and of the levels of skeletal muscle-related en-

zymes is essential for victims of H,S poisoning.

References

1) Beauchamp RO Jr, Bus JS, Popp JA, et al : A critical re-
view of the literature on hydrogen sulfide toxicity. CRC
Crit Rev Toxicol 1984 ; 13 : 25-97.

2) Nikkanen HE, Burns MM : Severe hydrogen sulfide

3) Knight LD, Presnell SE : Death by sewer gas : Case re-
port of a double fatality and review of the literature. Am J
Forensic Med Pathol 2005 ; 26 : 181-5.

4) Morii D, Miyagatani Y, Nakamae N, et al : Japanese ex-
perience of hydrogen sulfide : The suicide craze in 2008. J
Occup Med Toxicol 2010 : 5 : 28.

5) Byungkuk N, Hyokyung K, Younghee C : Neurologic
sequale of hydrogen sulfide poisoning. Industrial Health
2004 ; 42 : 83-7.

6) Gregorakos L, Dimopoulos G, Liberi S, et al : Hydrogen
sulfide poisoning : Management and complications. Angi-
ology 1995 ; 46 : 1123-31.

7) Inoue Y, Kumagai K, Tanaka T, et al : Lethal myocardial
injury associated with hydrogen sulfide poisoning : Report
of two cases. Jpn J Clin Toxicol 2011 ; 24 : 231-5.

8) Lee E-C, Kwan J, Leem J-H, et al : Hydrogen sulfide
intoxication with dilated cardiomyopathy. J] Occup Health



48

— B

Hirakawa et al : Hydrogen sulfide intoxication and muscle injury

2009 ; 51 : 522-5

9) Amino M, Yoshioka K, Suzuki Y, et al : Improvement in
a patient suffering from cardiac injury due to severe hy-
drogen sulfide poisoning : A long-term examination of
the process of recovery of heart failure by performing nu-
clear medicine study. Inter Med 2009 ; 48 : 1745-8.

THEEFZE 26 1 4448, 2013

10) Kemper FD : A near-fatal case of hydrogen sulfide poi-
soning. Can Med Assoc J 1966 ; 94 : 1130-1.

11) Ammann HM : A new look at physiologic respiratory
response to hydrogen sulfide poisoning. ] Hazard Mater
1986 ; 13 : 369-74.

U BRI A Y O 5 F B T AT 2 M
DAFHEH AT, HHLITIESE % MW7 L ALK R 25 1N5E % 4556
5

SEBI : BRALAKRE S 212 X 2 28 %, B H %A K bl
EMET 5. MEBBRBARICKNIECLTBY, BEIE
FHERE TR SNz, Waktk, ICUICAZ, SHiREIX
2 1 L AE 28 9 HACIR PGB R L 7. R, AR
AURAE & O BEE 2 R 72, lith CPK, ALT, 342701
EUDBEARHICY =2 2307 2 & X 0 B AURAE O

FTATHVRRE N7 B 15 HHICE — 2 2380 3 3 Hfkist

L7l A OB L2 o T Y, EM%

DR 2 RIR L 720

T L0 BRALKFE RIS X 2 BB RMERE, O FRE
FEERIFIHI S A TH VA, HRMERRSE S L < 3aieic
XY B EZHEEO B G AR SN Lo MIKE PR
TSR RERE, SEIET O MR E ORI L 0w
it MRBEROE=S ) Y IHPHETH S,






