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Reversal of Heart and Respiratory Failure Following
Accidental Exposure to Hydrogen Sulfide:
Case Report
David Silvaa, d, Nuno Correiab, Alice Pinheiroa, Miguel Marquesa, Gustavo Barbosac,
Carla Meloa, Mario Estevesa, Augusto Duartea
nitrites, hyperbaric oxygen therapy and hydroxocobalamin may be
beneficial. To the present date, supportive treatment remains the
mainstay of care.

Abstract
Risks of exposure to toxic gases are well recognized during work
in sewers, the principal hazards resulting from hypoxia due to the
accumulation of methane, carbon dioxide, or hydrogen sulfide and
explosive risk as a result of flammable gases. Hydrogen sulfide
(H2S) is a colourless rotten egg odour gas resulting from organic
matter decomposition. The severity of H2S intoxication depends on
the concentration and duration of exposure and the outcome may
be fatal. We report the case of a 59-year-old male patient who was
acutely exposed to sewers gases following an accidental leak in a
swine facility nearly eighteen hours before. He presented to the
emergency room with respiratory complaints and chest pain, and
rapidly developed a multi-organ dysfunction syndrome with severe
cardio-respiratory failure. No methaemoglobinemia was detected
and H2S was presumed to be the major implicated toxic substance.
Treatment strategy relied mostly on supportive measures with a
successful outcome. Approach to victims of exposure to sewers
gases should recall the strong possibility of poisoning by H2S, a
life-threatening condition. Since laboratorial dosing of sulfide
compounds is not readily available, the initial approach is based on
a high clinical suspicion. H2S direct toxicity and cellular hypoxic
induction may rapidly lead to multi-organic dysfunction and death.
Evidence from case reports suggests that early treatment with
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Introduction
Risks of exposure to toxic gases are well recognized during
work in sewers, the principal hazards resulting from hypoxia
due to the accumulation of methane, carbon dioxide,
hydrogen sulfide (H2S) and explosive risk as a result of
flammable gases. Standard safety procedures usually reflect
these hazards [1].
Hydrogen sulfide is a highly toxic, inflammable, fatsoluble and colourless gas, readily recognized at low
concentrations by its “rotten egg” odour. It results from
organic matter decomposition, industrial refinery or volcanic
hot springs [2-5]. It has been referred to as the “knock down
gas” because it can cause immediate loss of consciousness
and death if inhaled in high concentrations [6, 7].
Most reported cases have occurred following incidents
in petrochemical industry (petroleum, chemical, mining,
heavy water and metal refining), agriculture, sewage work,
natural gas production, natural incidents in volcanic regions
and hot springs [8, 9].
Prevalence of H2S exposure has increased markedly with
the development of swine confinement facilities [10, 11].
Dramatically, 1007 cases of suicide attempts with H2S were
reported in 2008 in Japan, presumably due to the availability
of information of this substance over the internet regarding a
new home-made method of making the gas [4, 12]. Mortality
varies from 2 to 6% according to different series [13].
In Portugal, there is no available official statistical data
regarding H2S intoxication. Data from a major Portuguese
hospital regarding intoxications between 2004 and 2009 reported only 4 cases with a diagnostic classification in the
category of exposure to “gases, fumes, or vapours” of the International Disease Classification’s, corresponding to a total
percentage of 2% (n = 195) [14].
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Table 1. Arterial Blood Analysis Result Without Oxygen Supplementation
Parameter

Value

Normal range

pH

7.45

7.35-7.45

pCO2 (mmHg)

28

35-45

pO2 (mmHg)

57

80-100

SO2 (%)

91

> 95

HCO3 (mmol/L)

19.5

22-26

Lactates (mmol/L)

3.7

0.5-2

We report the case of a patient who developed a multiorganic dysfunction syndrome secondary to acute exposure
to sewer gas and discuss current treatment options and possible sequelae.

Case Presentation
A 57-year-old male hog farm worker, with an irrelevant past
medical history, presented to our Emergency Department
(ED) complaining of shortness of breath, dry cough, mild
haemoptysis and chest pain. The symptoms developed after
an accidental exposure to a leak of sewer gas nearly eighteen
hours before admission. A “rotten eggs” body odour was evident despite previous full body wash.
On physical examination, the patient presented with severe respiratory distress. Blood pressure and pulse rate were
109/74 mmHg and 110 bpm, temperature 36.2 ºC and respiratory rate 36 cpm. Bilateral expiratory fine crackles were
present on both lung bases. Neurological exam was unremarkable.
Arterial blood gas analysis revealed a type I respiratory
failure with PaO2/FIO2 ratio of 271 (Table 1). The electrocardiogram showed a sinus rhythm and global ST-segment
elevation (leads I-III, aVF and V3-6).
Blood analysis showed a high inflammatory response,
rhabdomyolysis, myocardial, hepatic and renal damage (Table 2). A predominant right-sided diffuse bilateral infiltrate
was observed on chest X-ray (Fig. 1A) and a lung CT scan
demonstrated a diffuse ground glass pattern with peribronchovascular bilateral infiltrate (Fig. 2A).
Echocardiogram revealed severe depression of left ventricular function with global hipokinesia and a low grade mitral and aortic insufficiency, with dilated left cameras.
The patient was started on non-invasive bi-level positive
pressure ventilation and transferred into an Intermediate
Care Unit. Further treatment strategy included fluids, largespectrum antibiotics, corticoids and appropriate oxygen
26

supplementation. Weaning support measures were kept up
for 12 days until discharge. Day 7 chest X-ray (Fig. 1B),
lung CT scan and discharge echocardiogram showed no
significant changes in comparison to admissionfindings.
Clinical course was favourable and biomarkers of organ
dysfunction gradually normalized.
The patient received close follow-up at the Internal
Medicine Outpatient Clinic. At 3-month reassessment the
patient remained asymptomatic: full recovery of pulmonary
parenchyma lesions (Fig. 1C, 2B) and improvement of left
ventricular heart function (ejection fraction of 60%) was
documented. At 1-year post-exposure, no long-term sequelae
have yet been detected.

Discussion
Unknown toxic gases may be encountered within sewers.
Currently, the usual gas detection equipment is unable to
identify the wide range of potential hazards. Any unidentified
and unusual odour represents a hazard until proven otherwise
[1]. Although use of gas detection equipment remains
important for the readily identified hazards, adequate
protection for workers and medical teams in such scenarios
must be provided by appropriate training and use of positive
pressure breathing apparatus [1].
The severity of H2S intoxication depends on the concentration and duration of exposure with a wide variety of
symptoms. At levels as low as 0.05 ppm it is described as a
pungent, “rotten egg” gas. Under 100 ppm it may be sensed
as a sweet odour. Outstandingly, its warning odour is lost at
higher concentrations because of olfactory nerve paralysis
[2-5]. H2S is rapidly absorbed by the respiratory tract at concentrations of 250 ppm or higher and its direct toxicity result
from induction of a hypoxic state due to respiratory blockade
at a cellular level by inhibiting the mitochondrial cytochrome
oxidase. Mental status depression and cardiac arrest within
30-60 minutes occur with exposure to concentrations above
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Table 2. Venous Blood Sample Results
Parameter

Value

Normal range

Haemoglobin (g/dL)

17.6

13 - 18

Platelets (x 103 /µL)

422

130 - 450

Leukocytes (x 103 /µL)

46.2

4-10

Neutrophils (x 103 /µL)

43

2.8 - 7.5

Prothrombin time (s)

16.3

8 - 14

INR

1.54

0.8 - 1.2

Creatinine Kinase (U/L)

2281

38 - 190

CK-MMB (ng/mL)

176.9

7 - 25

Troponin I (ng/mL)

24.58

< 0.1

Myoglobin (ng/mL)

3131

28 - 72

Creatinine (mg/dL)

1.6

07 - 1.2

Urea (mg/dL)

120

17 - 50

TGO (U/L)

213

< 38

Na+ (mEq/L)

139

135 - 145

K+ (mEq/L)

4

3.5 - 5

Cl- (mEq/L)

101

98 - 107

CRP (mg/dL)

17.66

< 0.3

INR: International normalized ratio; s: seconds; CRP: C-reactive protein

500 ppm. Inhalation of concentrations superior to 1000 ppm
results in immediate fatal situation (“knock down”) [4].
The precise nature of the toxic agent in this case remains
uncertain since H2S laboratorial quantification was not avail-

able in our setting. Nevertheless, H2S has been described has
the major toxic compound in sewer gas and the clinical picture was compatible to previously reported cases in literature
[2-5].

Figure 1. Chest-X ray serial imaging. (A) On admission, showing a predominant right sided heterogeneous lung infiltrate; (B)
on the 7th in-hospital day revealing an aggravating lung injury; (C) On 3 months reassessment, documenting regression of the
lung lesions.
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Figure 2. Lung CT scan serial images revealing a diffuse ground glass pattern with peribronchovascular bilateral infiltrate on admission (A) and significant reversal of lung lesions on follow-up at 3 months (B).

Toxicological analysis of sulfide or thiosulphate (a
metabolite of sulfide) in blood and urine of the patient would
have been useful to definitely determine the poisoning
substance and monitor the clinical course. However, these
specific laboratorial assessments are not readily available in
Portuguese hospitals.
Left ventricular systolic dysfunction has been suggested
as a possible cause for the cardio-respiratory complications
[13]. Probably both pulmonary reactive pneumonitis and
cardiogenic oedema contribute to the initial picture.
Neurological impact varies from headaches to convulsions, coma and respiratory arrest [13]. Alterations in
consciousness state may be due to cerebral oedema and
ischemia affecting the cerebral cortex and hippocampus. Delayed neuropsychiatric sequelae may affect motor function,
memory, vision and hearing [15]. Some authors argue that
neuropsychological testing is a key issue in neurotoxicology
assessment because conventional neurology has been shown
to be insensitive to the chemical neurotoxic effects and neuroimaging techniques are often unclear [16].
No management guidelines addressing H2S poisoning
are available. Currently, treatment approach is not evidencebased (as in most toxicological hazards) and shares some
features with the approach to cyanogens poisoning. The
most well described and used therapy is nitrite therapy,
including 3% sodium nitrite or amyl nitrate, which are more
effective if administered soon post-exposure. In one case
report, the authors hypothesize that repetitive intravenous
28

administration of sodium nitrite is effective in cases of
hydrogen sulfide exposure [17].
Anecdotal reports have mentioned the prompt use of
hyperbaric oxygen therapy or hydroxocobalamin but these
options remain controversial [18, 19].
Hyperbaric oxygen therapy may act by a competitive
mechanism against H2S at the level of cytochrome oxydase
[6, 20] and may have a role in the prevention of both short
and long-term neurological sequelae [19].
Hydroxocobalamin is believed to form a complex with
H2S in detoxification pathways. It has been widely described
as an antidote for cyanide in smoke inhalation [21]. Decreased
sulfide and thiosulphate concentration has been documented
in a patient treated with hydroxocobalamin [17].
These additional therapies were not performed in this
case since the patient arrived at the ED out of the therapeutic window of nitrites effectiveness and showed global improvement with the aforementioned supportive measures.
Conclusion
Exposure to sewer gas should recall the strong possibility
of H2S poisoning and medical teams approaching such scenarios must ensure adequate protective safety procedures.
Immediate treatment strategy relies in clinical presumption since laboratorial tests to identify sulfide compounds are
not readily available.
H2S direct toxicity and subsequent cellular hypoxic in-
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duction may rapidly lead to multi-organic dysfunction and
death depending on the level of gas exposure.
Treatment options based on case reports options
may include nitrites, hyperbaric oxygen therapy, and
hydroxocobalamin. Decisions must be adapted to each case
depending on the timing of post-exposure medical approach
and severity of organ dysfunctions. However, the mainstay
of care relies mainly in early supportive measures.
In our perspective, an urgent need exists for better scientific data. While more research is needed to establish appropriate treatment guidelines, occupational preventive measures are fundamental to avoid this highly lethal poisoning.
In the field of toxicology, and due to the relatively rare
occurrence of poisonings, a comparative-effectiveness research is difficult to accomplish. A solution to improve the
degree of evidence-based treatments could result from an international collaborative effort to set up a registry on toxicological hazards. In addition, it would be recommendable that
national health systems include well-prepared toxicological
protocols in order to avoid unnecessary delays and obstacles
in identification, monitoring, and treatment of poisonings.
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