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Cyanides and hydrogen sulfide (H.S) are major chemical asphyxiants. They have common mechanism of action

which inhibit cellular respiration and induce histotoxic hypoxia. They do not generate ATP, and all processes depen-

dent on ATP are stopped. No extraction of O from blood decreases AV O, differences, and the shift to anaerobic

glycolysis brings about lactic acidosis with high anion gap. The mainstay of the treatment is rapid treatment with

appropriate use of antidotes. However, there are several differences between cyanides and H.S. First, H.S is not

metabolized by enzymes such as thiosulfate. Thus thiosulfate does not play any role in treatment of H,S. Second,

H.S is a more potent inhibitor of cytochrome aas than cyanide. Third, H.S induces more divergent neurologic

sequele than cyanide. Finally, H.S is not absorbed via skin.
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1. &3S (cyanides)
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Table 1. Exposure to cyanides

Suicide/homicide
Occupation
- Metal industry (metal plating)
- Mining: ore processing
- Jewelry manufacturing
- Manufacturing of nylon, plastics
- Photography
- Fumigation: soil sterilizers, fertilizer, rodenticide

Combustion (plastics, cigarettes)
Plant products (apricot seeds, choke cherry, cassava)
Household products (acetonitriles, acrylonitrile)

latrogenic exposures: sodium nitroprusside

Table 2. Blood cyanide levels in victims of smoke inhalation
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S B3 AT A ol= H3tEo] =EHo} (Table
1). Agle] AA(HY) SolHE S48 5L 54 F
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< Ag} A EFE 2H8LE A (cytochrome oxidase) 7}
HEAQ Ao Z 1 & QIE Fe''7} Fe &2 Wil o]
Ao} A Fe & HEot 74 o) AskE 243t i),
AHEL o] 40 AsHHE-E AASL g o435t
2| Z3HA st AR A FFE FEAIYY. A EA
¥ ARRRE A TR | 27 &9 Qs 540 FsHE
3t 71 ARite] FFARAF ] HAH FES
e gAo] Ao, kg AR A &of 2% EA)
3= M2 23 29 (methemoglobin) &) Fe 3} A%}

Total subjects

Blood cyanide concentration (Mean=SD)

Fire victims
Survivors (n = 66)
Fatalities (n = 43)

Controls (N = 114)

21.6x36.4 pmol/L (P < .001)
1164+£89.6 p#mol/L (P < .001)

50%=5.5 gmol/L
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Table 3. Biochemistry of CN-
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1. High affinity for ions of transitional metals: reversible
1) Fe*: cytochrome, methemoglobin

2) Cobalt: CN- + cobalt in hydroxycobalamin (vitamin Bi,,) — cyanocobalamin (B;;) — excreted in urine

2. Ability to react enzymatically with sulfane (S-S-): irreversible, catalyzed by rhodanese

CN +
cyanide

thiosulfate

S205* - SCN-
thiocyanate

+ SO
sulfate
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Table 4. Clinical features with whole blood cyanide concentration
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Acrylonitrile (vinyl cyanide)& §Q¥5t opg} H§
F5E T Ao S, AeA HERE o
AMES] F4E JeEBZ, H3E 55 T4 Yehtke
g Ao A, 549 AR H5E TR 7PE
ok 2B R, 7 S/l flulgie H ok 1247 0] -2
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2. 2814 (hydrogen sulfide)

Whole blood cyanide concentration ( #g/mL)

Clinical features

02-05 none
05-10 flushing, tachycardia
10-25 obtunded
25-30 coma
>3.0 death
Table 5. Airborne concentration of cyanides and health effects _
Concentration (ppm, in air) and duration Health effects

7 - 14, chronic (years)
> 300 (minutes)
> 100 (1/2 - 1hour)

vomiting, thyroid enlargement, lacrimation, palpitation, dyspnea
coma, death
death
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Table 6. Treatment of cyanide poisoning- “rapid treatment”

1. General supportive care
1) Supportive cardiopulmonary care
- Protecting airway: avoid mouth to mouth resuscitation
- Mechanical ventilation if required
- 100% oxygen
- Correct acidosis
2) Decontamination
- Gastric lavage
- Skin decontamination: wet, contaminated clothing should be removed and the underlying skin should be deconta-
minated with water
2. Specific antidotal therapy
1) Nitrites to induce a methemoglobinemia (metHb)
- Initial inhalation of amy nitrite for 15-30 seconds in case ot spontaneous breathing
- IV of 300 mg sodium nitrate over 5-10 minutes: 10 mL IV of a 3% solution (30 mg/mL)
- 0.33 mL of the 3% solution/kg in children
- Give half original dose in 0.5 hr if signs recur
- Side effects of vasodilatation should be treated by Trendelenburg position and IV fluid
- Relatively contraindicated in smoke-inhalation victims with high carboxyhemoglobin levels
- A single dose induces 10~12% of metHb ’
2) Sodium thiosulfate
- Slow IV of 12.5 g sodium thiosulfate over 10 minutes: 50 mL IV of a 25% solution (250 mg/mL)
- Give half original dose in 0.5 hr if signs recur
- Adverse effects are few and usually not serious: nausea, vomiting, arthralgia, psychosis only with levels > 10
mg/dL
- 1.65 mL/kg in children
3) Other treatment modalities in Europe
- Other methemglobin former: IV dimethylaminophenol (DMAP)
- Intravenous 4 g of hydroxycobalamin (vitamin B;2,)® to form a cyanocobalamin complex that can be excreted in
urine
- Cobalt edetate (Kelocyanor)® may exert their antidotal activity more quickly than do metHb formers

Table 7. Whom to treat

Patients with respiratory exposure
- With convulsions or the recent onset of apnea, but with circulation intact: Immediate antidote administration will be lifesaving

- With no or only mild symptoms: No antidote

Patients with oral exposure
- With symptoms: antidote treatment
- Without symptoms: Observation for several hours without antidote
- Efforts to prevent further absorption: lavage

Table 8. Medical/legal >pitfalls in treatment of cyanide poisoning

- Failure to promptly administer antidotal therapy when presented with clinical findings consistent with cyanide poisoning

- Overly aggressive administration of potentially toxic antidotes in the absence of substantive evidence of cyanide poisoning
- Failure to consider cyanide, a frequent toxin in smoke inhalation poisoning

- Failure to diagnose nitrile poisoning: an onset occurring hours after oral or dermal exposures
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Table 9. Exposure to hydrogen sulfide

Organic
- Incomplete oxidation of sulfur compounds
- Bacterial degredaton of sulfur compounds:
sewage, manure
Inorganic, mainly industrial
- Petroleum refineries
- Natural gas plants
- Petrochemical plants
- Coke oven plants
- Tannery
- Viscose rayon manufacture
- Sulfur production
- Food process plants
- Kraft paper mills
- Production of heavy water
- Metal refining

Table 10. Effects of hydrogen sulfide at various air concentration
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3) &E7|1H

Falrie FEN v R FRASELY AE
3F AstE A R8-S IFFFAA A A
7] W2 ZFo] AA At F3rae HERT U 3
A AIESE ISLEAE AR 3B i
sulfane@i= ¥H&-81R] ko B2 28 A| thiosulfateE A}
314 et

FYE iy HoA EdoE g W] 4
W, F58 Fole 542380 w27 vepdtt

- Effects

Concentration (ppm)

Detectable odor

Very offensive odor

ACGIH TLV

Keratoconjuntivitis (if exposure is prolonged)

Loss of a sense of smell

Pulmonary edema (if exposure is prolonged)

Sudden collapse and loss of consciousness (knockdown)
Sequele unlikely (if exposure is transitory)

Sudden collapse, apnea, hypoxia

0.01-0.1
3-5
10 (5)
5-100
150-250
250-500
500-1000

1000-2000

Without prompt external support of respiration, hypoxic encephalopathy or death certain

Death

3000-5000

Table 11. Hydrogen sulfide as an irritant

Gas eye:
- Conjunctivitis, keratoconjunctivitis
- 50 ppm for 1 hour
-TLV is set to prevent eye irritation

Respiratory tract:

- Upper respiratory tract irritation: rhinitis, pharyngitis, laryngitis, bronchitis

- Pulmonary edema
- 16% of serious poisoning

- Can develop without neurotoxicity

+ 24hr observation is needed
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Table 12. 3 stages of acute neurotoxicity
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Stage I: Sudden collapse followed by prompt and complete recovery

- Continue to breathe and beat
- By far most common outcome
- Recovery: promt and complete

- Knockdown (abrupt loss of consciousness) — sudden recovery

- Transitory nature of exposure in seconds: 500 - 1000 ppm

Stage II : Sudden collapse with delayed recovery
- Continue to breathe and beat

- Cerebral hypoxia: histotoxic hypoxia with arterial hypoxia from airway obstruction or pulmonary edema

- Most people recover completely
- A wide range of sequele in a few others
- Exposure in minutes: 750 - 1000 ppm

Stage III : Sudden collapse and prolonged unconsciousness with respiratory paralysis and apnea leading to hypoxic ischemic

encephalopathy with persistent vegetative state or death

- A few reported cases

- Respiratory paralysis: never recover spontaneously
- Delayed rescue

- More than 1500 ppm
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Table 13. Treatment of hydrogen sulfide poisoning

- Immediate removal of the victim from the source of gas

- Oxygen by mask
- Mechanical ventilation if required
- Initial inhalation of amy]! nitrite for 15- 30 seconds

- Intravenous 300 mg sodium nitrate over 10 minutes to induce a methemogobinemia level not exceeding 30%

- Hyperbaric chamber
- General supportive care

Table 14. Similarities and differences between cyanides and hydrogen sulfides

Similarities

- Both gases inhibit respiratory cytochrome oxidase — histotoxic hypoxia

Differences

- Hydrogen sulfide is not metabolized by enzymes such as thiosulfate

- Thiosulfate plays no role in treatment of hydrogen sulfide poisoning

- Hydrogen sulfide is more potent inhibitor of cytochrome aas than cyanides

- Hydrogen sulfide poisoning usually causes more divergent neurologic sequele than cyanide poisoning

- Hydrogen sulfide is not absorbed via skin
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