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Case reports
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Abstract
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Introduction: Hydrogen sulphide (H,S) is a highly toxic gas which originates mainly during breakdown of organic
matter under anaerobic conditions. After inhalation, H,S binds to mitochondrial respiratory enzymes preventing oxidative
phosphorylation, thereby causing reversible inhibition of aerobic metabolism and cellular anoxia. The use of hyperbaric
oxygen therapy (HBOT) for H,S poisoning remains controversial, but has a similar underlying rationale to that in carbon
monoxide poisoning.

Methods: A retrospective review of patients with severe H,S intoxication who presented during 2006 and 2007 was carried
out. Ten victims of severe occupational H,S poisoning were identified, of whom four died at the site of the accident. Two
further patients required cardiopulmonary resuscitation at the site of the accident and the remaining four all received
100% oxygen followed by endotracheal intubation and artificial ventilation prior to hospital admission. In these six cases,
4-dimethylaminophenol was administered on admission as an antidote, followed immediately by HBOT using the schedule
otherwise used in carbon monoxide intoxication.

Clinical outcome: The two patients who required cardiopulmonary resuscitation at the site of exposure died of cerebral
ischaemia or pulmonary oedema on the first and seventh days after the accident respectively. The remaining four patients
recovered without any neurological sequelae and were discharged for outpatient care after a median of nine days (range 8—12
days). No antidote-related adverse effects could be detected. Acid-base status and oxygenation improved and methaemoglobin
fell with the first HBOT in all six cases.

Conclusion: In severe H,S intoxication, supportive HBOT may play a useful role in improving oxygenation and acid-
base status quickly and counteracting the decrement in oxygen carriage caused by methaemoglobinaemia due to antidote
administration.

Introduction The management of patients suffering from H,S intoxication

remains a therapeutic challenge. The mainstay of treatment

Hydrogen sulphide (H,S) is a colourless, flammable, highly
toxic, irritant gas with a characteristic odour of ‘rotten eggs’.
This potentially life-threatening gas usually results from the
breakdown of organic matter in the absence of oxygen and
isreleased as a by-product of industry and agriculture. After
inhalation, H,S is rapidly absorbed through the respiratory
mucosa, distributing mainly into the lungs and brain.
The mechanism of toxicity, with inhibition of oxidative
phosphorylation, seems to be similar to that of cyanide and
carbon monoxide (CO) poisoning.! The severity of clinical
symptoms of H,S poisoning varies with the concentration
and duration of exposure to H,S; low concentrations cause
respiratory tract irritation resulting in cough, dyspnoea and
local mucosal soreness. With increasing concentrations of
H,S, neurological symptoms develop, high concentrations
causing severe cerebral and pulmonary oedema which may
lead to brain death, asphyxia and cardiopulmonary arrest
(Table 1).2

is rapid rescue from the site of exposure, immediate
100% oxygen, resuscitation as clinically indicated and
administration of antidotes as early as possible. The use of
hyperbaric oxygen therapy (HBOT) has been reported, but
remains controversial.>* We undertook a retrospective study
of our experience at the Medical University Hospital, Graz,
in managing acute severe H,S poisoning.

Methods

We did a retrospective analysis of patients treated with
HBOT in combination with 4-dimethylaminophenol therapy
for severe H,S intoxication occurring in two industrial
accidents in October 2006 and July 2007. The study was
approved by the local ethics committee and was conducted in
accordance with the precepts of the Declaration of Helsinki.
Six out of 10 victims with severe intoxication (two males and
four females, aged 26 to 60 years, mean 39.8 years) were
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Table 1
Health effects of hydrogen sulphide at
various exposure levels

Concentration Effects
(ppm)
2 Chronic exposure: fatigue, headache,
loss of appetite, weight loss, diarrhoea
100 Mild eye and lung irritation: ‘gas eye’,
coughing, dyspnoea, sore throat
200 Olfactory paralysis
300 Pulmonary oedema, nausea, vomiting
500 Cerebral oedema, vertigo, dizzyness,
somnolence, convulsions, loss of
consciousness
800 Unconsciousness; death within 5 min
1000 Immediate collapse; asphyxia with

cardiac arrest after inhalation of a
single breath

referred to our centre and are documented in this report.
In fact, a total of 25 victims, of whom four died at the site,
were involved in these two accidents. Twenty-one patients
underwent HBOT at our department. Fifteen patients who
suffered only mild intoxication are not included in this
report. They were conscious and had no need of ventilatory
assistance or circulatory support, but complained of mild
symptoms such as headache, dizziness, nausea, emesis and
dyspnoea, or had signs of mucosal irritation with cough, sore
throat and/or eye strain (‘gas eye’). The six severe cases who
are the subject of this report had respiratory and circulatory
shock, were unconscious and needed artificial ventilation and
intensive circulatory support, including cardiopulmonary
resuscitation in two patients.

Case reports
PRE-HOSPITAL COURSE

The accidents occurred in large pelt-processing factories and
tanneries during cleaning of or due to gas leakage from tanks
containing rests of chromium sludge and sulphuric acid. In
one case, an above-ground pipeline had leaked. None of the
victims had worn protective equipment or clothing while
working within endangered areas. Six workers collapsed
immediately after taking a few breaths, fell unconscious and
required cardiopulmonary resuscitation (CPR), performed
by the local emergency doctors, after having been moved
away from the site of H,S exposure by their co-workers. Two
regained a circulation after 20 and 25 minutes of resuscitation
respectively, but four died at the site of the accident. Four
further victims were able to leave the site of exposure but
then became unconscious immediately afterwards and
developed acute respiratory failure and hypoxaemia, in three
cases combined with arterial hypotension.

INITIAL HOSPITAL MANAGEMENT

The six critically-ill, intubated and ventilated survivors
were evacuated by helicopter to our centre. On admission,
all remained comatose and in critical condition, with mid-
dilated pupils and a Glasgow Coma Scale score of three.
Mean systolic blood pressure was 13 kPa (range 11-15
kPa, 80-110 mmHg) and diastolic 8 kPa (range 4-9.3 kPa,
30-70 mmHg). Mean heart rate was 88 beats per minute
(range 85-90 bpm). As first-line antidote, 3 mg per kg
body weight of 4-dimethylaminophenol (4-DMAP) was
administered intravenously. The time interval between
accident and administration of 4-DMAP ranged from 60
to 90 minutes. In addition, 250 mg prednisolone was given
intravenously. An emergency chest X-ray, electrocardiogram
(ECG) and laboratory tests including carboxyhaemoglobin,
methaemoglobin (MetHb), arterial blood gases and lactate
were performed.

Table 2
Biochemical and blood-gas measurements before and after the first HBOT

Patient 1 2
Methaemoglobin (%)

Pre-HBOT 11.2 17.8

Post-HBOT 6.8 8.9
Lactate (mmol L)

Pre-HBOT 4.3 2.0

Post-HBOT 3.5 1.5
F .0, (%)

Pre-HBOT 100 100

Post-HBOT 100 40
P O, (mmHg)

Pre-HBOT 320 250

Post-HBOT 310 158

3 4 5 6
0.8 8.6 7.5 5.0
0.2 2.5 5.1 2.0
1.3 29 1.3 12.4
0.5 1.7 1.3 8.4
100 100 100 100

50 70 90 40
248 125 471 350
185 131 344 207
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Table 3
Patient characteristics and clinical course
(AF - atrial fibrillation; VF - ventricular fibrillation; ARDS - Adult respiratory distress syndrome)

Patient Sex Age CPR Time to Time to Number Diagnosis Intubation ICU Hospital Outcome
(yrs) DMAP HBOT HBOT (days) (days) (days)

1 F 39 Yes 90 100 2 VE, cerebral ischaecmia & oedema 1 1 1 Death
pulmonary oedema, (day 2)
malignant hyperthermia

2 F 40 No 60 100 6 Respiratory shock, pleural effusions 1 2 8 Full

recovery

3 F 26 No 60 100 6 Respiratory & circulatory shock, 1 2 8 Full
cerebral oedema recovery

4 F 46 No 60 100 11 Respiratory & circulatory shock, 4 5 12 Full
pulmonary oedema, ARDS recovery

5 M 28 No 60 100 8 Respiratory & circulatory shock, 1 2 8 Full
‘gas eye’ recovery

6 M 60 Yes 90 125 1 Cardio-respiratory arrest, AF, 7 7 7 Death
cerebral ischaemia & oedema (day 8)
pulmonary oedema, ARDS,
artificial hypothermia

HBOT CLINICAL COURSE AND OUTCOME

Bilateral myringotomies were performed, and the intubated,
ventilated patients proceeded immediately to HBOT in the
largest multiplace hyperbaric chamber in central Europe,
which enables simultaneous treatment of up to five intensive
care patients. HBOT was administered according to the
protocol used in CO intoxication: first treatment; 304 kPa
for 60 min then 223 kPa for 30 min; subsequent treatments
were at 223 kPa for 90 min. Two HBOT were given within
the first 24 hours, followed by a single daily HBOT until
symptoms had subsided and the levels of MetHb were within
the normal range. After HBOT, the patients were transferred
to the intensive care unit for ongoing management.

The mean time interval between accident and the start of
HBOT was 104 minutes (100—125 min). The median number
of HBOT was 5.7 for all patients (range 1-11 treatments).
HBOT was well tolerated. In these critically-ill patients, there
was a short-term need for intensified circulatory assistance
(enhancement of catecholamines intravenously), but after
about ten minutes, all patients had stable cardiorespiratory
parameters.

Arterial blood gas analysis was performed in every patient
before and after the first HBOT (Table 2). The mean MetHb
level fell by about 49%, from 8.5% to 4.3% (normal range
0.4-1.0% of total haemoglobin) and mean lactate decreased
about 30%, from 4.0 mmol L' to 2.8 mmol L' (normal range
0.5-2.2 mmol L, whilst the mean pH increased slightly from
7.36 to 7.40. Furthermore, the inspired oxygen (F,0,) was
lowered in five patients (mean post-HBOT F.O, 65%). These
data are summarised in Table 2.

The two patients who required on-site CPR both had
elevated cardiac biomarkers (myoglobin, creatine kinase-
MB, lactate dehydrogenase and troponin T). The ECG in
the other four patients revealed sinus rhythm without ST-
elevation or any other signs of myocardial ischemia and no
increase in cardiac biomarkers. Toxic lung oedema and adult
respiratory distress syndrome were observed in three and two
cases respectively, one of whom had required on-site CPR.
Cerebral and thoracic CT-scans were performed to evaluate
the severity of cerebral ischemia and cerebral or pulmonary
oedema. Cerebral oedema and cerebral ischemia occurred
in three patients, whilst one patient suffered from kerato-
conjunctivitis and another victim developed small pleural
effusions. One of the two CPR patients underwent artificial
hypothermia (33°C body temperature for 24 hours) after the
first HBO treatment and received no further HBOT. The other
post-resuscitation patient developed malignant hyperthermia
(42°C body temperature) after the second HBOT, and
was given additional 4-DMAP, 3 mg per kg body weight.
Other treatments comprised administration of mucolytic
agents and bronchodilators, alone or in combination with
corticosteroids. In all six patients, prophylactic antibiotic
therapy was initiated in order to avoid pulmonary bacterial
superinfection. The clinical courses of the six patients are
summarised in Table 3.

Discussion

Despite similarities to both cyanide and CO poisoning,
the detailed pathogenic mechanisms of H,S poisoning are
not fully understood.™” Several antidotes, such as amyl
or sodium nitrite and 4-DMAP, have been advocated.>®
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The main therapeutic goal of antidote administration is to
inhibit sulphide binding to intracellular respiratory enzymes
enabling sulphide detoxification and restoration of function
of the oxidative chain. Both nitrites and 4-DMAP support
the conversion of haemoglobin to methaemoglobin which
readily binds to the toxic hydrosulphide anion until the
latter is detoxified by haeme-catalyzed oxidation. Aerobic
metabolism is enhanced by re-activation and protection of
cytochrome oxidase. However, there is no clear evidence of
their efficacy, and the emergency administration of antidotes
that induce methaemoglobinaemia is not without risk.>%1

To be effective, nitrite therapy should be initiated
within the first few minutes after H,S poisoning.>® It is
postulated that nitrite-induced methaemoglobinaemia
occurs preferentially under poor oxygen conditions.!" An
oxygen-enriched environment, such as during resuscitation
and/or ventilation with oxygen, may favour sulphide
depletion, and nitrite administration may actually slow
sulphide removal under these circumstances. Other adverse
effects of nitrites are hypotension, tachycardia, vomiting,
headache and biochemical interaction with haemoglobin-
oxygen dissociation due to excessive nitrite-induced
methaemoglobinaemia. In contrast to most other reports,
we used DMAP as the initial antidote, and adverse effects
of methaemoglobinaemia were not observed.

Isolated case reports have suggested that HBOT may be effective
in the treatment of excessive methaemoglobinaemia.®!>-!3
The biochemical mechanism for this is based on enhanced
reduction of methaemoglobin levels due to prevention of
the oxidation of haemoglobin. In our series, considerable
methaemoglobinaemia was caused by inhalation of high
concentrations of H,S and not due to administration of the
antidote 4-DMAP, which caused no apparent side effects
in our patients.

Further useful effects of HBOT are increased tissue oxygen
tension, vasoconstriction, reduction in cerebral oedema,
a decrease in leucocyte adhesion, down-regulation of
inflammatory mediators and enhancement of nerve cell
regeneration.'*'* HBOT at 304 kPa has been shown in
an animal model to be effective in treating H,S poisoning,
particularly in combination with early sodium nitrite
therapy.?® Case reports in human victims also appear
promising.>#1221-2  Neurological symptoms appear to
respond readily to HBOT, and neurological sequelae may be
prevented, even if HBOT is delayed.?'*® These reports and
our own experience would suggest that the role of HBOT in
severe H,S poisoning is probably supportive rather than as
an antidote.®'> In addition, in cases of antidote-related side
effects, e.g., respiratory insufficiency, or failure of antidote
therapy, HBOT may be the treatment of choice. Moreover,
the extent of concomitant cerebral and/or pulmonary oedema,
which is often observed in severe cases, can be decreased
significantly by HBOT, possibly resulting in reduction of
the mortality rate.”> Objective benefits from HBOT in the

present patient series were the reduction in MetHb and
an improvement in acid-base status and oxygenation, as
documented with the first therapy. Despite this, the mortality
in severe H,S intoxication remains high.

Despite successful use in both experimental and clinical
HZS intoxication, an optimal dose or duration of HBOT has
not been established.>®!>?% Given the somewhat similar
pathogenic mechanisms to CO intoxication, it would seem
justified to treat H,S intoxication using regimens similar to
those described for CO poisoning.”’

Conclusions

Supportive HBOT in severe H,S intoxication ensures rapid
correction of hypoxia and counteracts any antidote-induced
decrement in oxygen transport capacity caused by MetHb.
HBOT not only enables and/or supports efficient emergency
treatment but appears to help avoid neurological sequelae.
Even when first-line antidote therapy has failed and/or side
effects have occurred, a benefit from secondary HBOT can
be achieved. Controlled clinical studies of HBOT for H,S
poisoning are needed, but will be difficult to achieve given
its rarity and the limited access to hyperbaric facilities.?® In
the meantime, cases series such as this are the best evidence
available.

Acknowledgements

We would like to thank our colleagues Christian Porubsky,
Huberta Klemen, Heiko Renner, Udo Anegg and Joachim
Greilberger for their help in caring for these patients.

References

1 Smith RP, Gosselin RE. Hydrogen sulphide poisoning. J
Occup Med. 1979;21(2):93-7.

2 Guidotti TL. Hydrogen sulphide. Occup Med (Lond).
1996;46(5):367-71.

3 Gerasimon G, Bennett S, Musser J, Rinard J. Acute
hydrogen sulfide poisoning in a dairy farmer. Clin Toxicol.
2007;45(4):420-3

4 Nikkanen HE, Burns MM. Severe hydrogen sulfide exposure
in a working adolescent. Pediatrics. 2004;113(4):927-9.

5 Cooper CE, Brown GC. The inhibition of mitochondrial
cytochrome oxidase by the gases carbon monoxide, nitric
oxide, hydrogen cyanide and hydrogen sulfide: chemical
mechanism and physiological significance. J Bioenerg
Biomembr. 2008;40(5):533-9.

6  Thompson RW, Valentine HL, Valentine WM. Cytotoxic
mechanisms of hydrosulfide anion and cyanide anion in
primary rat hepatocyte cultures. Toxicology. 2003;188(2-
3):149-59.

7 Albin RL. Basal ganglia neurotoxins. Neurol Clin.
2000;18(3):665-80.

8 Belley R, Bernard N, Coté M, Paquet F, Poitras J. Hyperbaric
oxygen therapy in the management of two cases of hydrogen
sulfide toxicity from liquid manure. CJEM. 2005;7(4):257-
61.



Diving and Hyperbaric Medicine Volume 40 No. 4 2010

9  Smith RP, Kruszyna R, Kruszyna H. Management of acute
sulfide poisoning. Effects of oxygen, thiosulfate, and nitrite.
Arch Environ Health. 1976;31(3):166-9.

10 Kerger H. Dodidou P. Passani-Kruppa D. Gruttner J. Birmelin
M. Volz A. Waschke KF. Excessive methaemoglobinaemia
and multi-organ failure following 4-DMAP antidote therapy.
Resuscitation. 2005;66(2):231-5.

11 Beck JF, Bradbury CM, Connors AJ, Donini JC. Nitrite as
antidote for acute hydrogen sulfide intoxication? Am Ind Hyg
Assoc J. 1981;42(11):805-9.

12 Smilkstein MJ, Bronstein AC, Pickett HM, Rumack BH.
Hyperbaric oxygen therapy for severe hydrogen sulfide
poisoning. J Emerg Med. 1985;3(1):27-30.

13 Sheehy MH, Way JL. Nitrite intoxication: protection with
methylene blue and oxygen. Toxicol Appl Pharmacol.
1974;30:221-6.

14 Goldstein GM, Doull J. Treatment of nitrite-induced
methemoglobinemia with hyperbaric oxygen. Proc Soc Exp
Biol Med. 1971;138(1):137-9.

15 Lindenmann J, Matzi V, Kaufmann P, Krisper P, Maier A,
Porubsky C, Smolle-Juettner FM. Hyperbaric oxygenation
in the treatment of life-threatening isobutyl nitrite-induced
methemoglobinemia - a case report. Inhal Toxicol.
2006;18(13):1047-9.

16 Thom SR. Effect of hyperoxia on neutrophil adhesion.
Undersea Hyperb Med. 2004;31(1):123-31.

17 Kindwall EP. The physiologic effects of hyperbaric
oxygenation. In: Kindwall EP, Whelan HT, editors. Hyperbaric
medicine practice, 2nd ed. Flagstaff (AZ): Best Publishing
Company; 2002. p. 21-36.

18 Veltkamp R, Siebing DA, Sun L, Heiland S, Bieber K, Marti
HH, et al. Hyperbaric oxygen reduces blood-brain barrier
damage and edema after transient focal cerebral ischemia.
Stroke. 2005;36(8):1679-83.

19 Tomaszewski CA, Thom SR. Use of hyperbaric oxygen in
toxicology. Emerg Med Clin North Am. 1994;12(2):437-59.

20 Bitterman N, Talmi Y, Lerman A, Melamed Y, Taitelman U.
The effect of hyperbaric oxygen on acute experimental sulfide
poisoning in the rat. Toxicol Appl Pharmacol. 1986;84(2):325-
8.

21 Gunn B, Wong R. Noxious gas exposure in the outback:
two cases of hydrogen sulfide toxicity. Emerg Med.
2001;13(2):240-6.

22 Goldenberg I, Shoshani O, Mushkat Y, Bentur Y, Melamed Y,
Shupak A. Hyperbaric oxygen for hydrogen sulfide poisoning.
Harefuah. 1994;127(9):300-2, 360.

23 Whitcraft DD 3rd, Bailey TD, Hart GB. Hydrogen sulfide
poisoning treated with hyperbaric oxygen. J Emerg Med.
1985;3(1):23-5.

24 Hsu P, Li HW, Lin YT. Acute hydrogen sulphide poisoning
treated with hyperbaric oxygen. J Hyperbaric Med.
1987;2(4):215-21.

25 Pontani BA, Warringer RA, Newman RK. Delayed neurologic
sequelae after hydrogen sulphide poisoning treated with
hyperbaric oxygen therapy: a case report [abstract]. Undersea
Hyperb Med. 1998;25:S10.

26 Snyder JW, Safir EF, Summerville GP, Middleberg RA.
Occupational fatality and persistent neurological sequelae
after mass exposure to hydrogen sulfide. Am J Emerg Med.
1995;13(2):199-203.

27 Weaver LK, Hopkins RO, Chan KJ, Churchill S, Elliott CG,
Clemmer TP, et al. Hyperbaric oxygen for acute carbon

217

monoxide poisoning. N Engl J Med. 2002;347(14):1057-67.

28 Woodall GM, Smith RL, Granville GC. Proceedings of the
Hydrogen Sulfide Health Research and Risk Assessment
Symposium; 2000 October 31-November 2. Inhal Toxicol.
2005;17(11):593-639.

Submitted: 06 May 2010
Accepted: 29 October 2010

Joerg Lindenmann, MD, Veronika Matzi, MD, and Nicole
Neuboeck, MD, are Fellows in the Division of Thoracic
Surgery and Hyperbaric Medicine, Department of Surgery,
Beatrice Ratzenhofer-Komenda, MD, is a senior physician
and anesthesiologist in the Department of Anesthesiology
and Intensive Care Medicine,

Alfred Maier, MD, is Deputy Head and

Freyja-Maria Smolle-Juettner, MD, is Head of the Division
of Thoracic Surgery and Hyperbaric Medicine, Department
of Surgery, at the Medical University Graz, Austria

Address for correspondence:

Joerg Lindenmann, MD

Division of Thoracic Surgery and Hyperbaric Medicine
Medical University Graz

Auenbruggerplatz 29

8036 Graz, Austria

Phone: +43-(0)316-385-3302

Fax: +43-(0)316-385-4679

E-mail: <jo.lindenmann@medunigraz.at>

This paper is based on a presentation at the 34th Annual
Scientific Meeting of the European Underwater and
Baromedical Society, Graz, Austria, 2008.



