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History of presentation

A 44-years-old male with no significant past medical history.

We didn’t know he drank the Cyanide (CN) during the first 24 : e
hours of management. He received cyanide incidentally, had e “Uﬂl Sl : ;"7““?!( |
lunch with the cyanide, went to the restroom where he became JWM,F,N AV P m,M/ ﬂl\wv&zv'\_, ‘L\I_waj'v
unconscious. First aid delivered by bystanders, with no Cardio- u L u 1
pulmonary Resuscitation (CPR) required, as he had a weak pulse J \,\,AJL\,%M FJ =k
and was spontaneously ventilating. He remained unconscious J\/Jv,\[\m\fw /A\vww\ ¥ ,;AL,._?
for 10 minutes, prompting a call to the emergency services who il
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transported and admitted to the local hospital. After 20 min- | k,—u ! \,JL«‘ f’ AJ ] !
utes, he noted to have no palpable central pulse and agonal Mt \*’“‘JWR’ . L”‘“’“W
breathing patterns with Pulseless Electrical Activity (PEA), thus Flgure 1: ECG in the emergency department 2nd-hour after resus-
prompting CPR as per Advanced Cardiac Life Support (ACLS) al- citation. The type 1 BrS ECG pattern: J point and ST segment eleva-
gorithm for 10-minutes after which Return Of Spontaneous Cir- tion of 4 mm in lead V2, saddleback ST segment elevation in lead
culation (ROSC) occurred. A surface 12-lead electrocardiogram V3.

(ECG) showed J point and ST segment elevation of 4 mm in lead
V2, and a saddleback ST segment elevation in lead V3 (Figure 1).
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Investigations and management

He remained unconscious, was apyrexial and a head com-
puted tomography performed, excluding intracranial pathol-
ogy. Baseline laboratory tests revealed normal hemoglobin,
white cell count, platelets and electrolytes. The patient was in-
tubated in a spontaneous coma with minimal breathing effort
thus requiring mechanical ventilation, blood pressure of 50/30
mmHg despite vasoconstrictor (noradrenalin) and inotrope (do-
butamine).

He was transferred to the intensive care unit, where he con-
tinued to have PEA, requiring resuscitation as per ACLS thus
prompting VA-ECMO. The patient's arterial blood gas revealed
severe metabolic acidosis with severe hyperlactatemia (p" 6.95;
pCO, 16 mmHg; HCO.- 3.5 mmol/l; BE -26,4 mmol/I; Lactate >15
mmol/l). Baseline laboratory tests performed on arrival to the
hospital showed elevated serum TroponinT (77.3; normal < 14
ng/1), normal white cell count and pro-calcitonin. The patient
developed multi-organ failure requiring continuous renal re-
placement therapy (CRRT). The patient's ECG changed with T
waves inversion noted and ST segment elevation of 5 mm in lead
DIll, aVF (Figure 2) and a 12-lead ECG in sinus rhythm without ST
elevation (Figure 3).
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Figure 2: ECG in the ICU 18"-hour after resuscitation; T waves in-
version noted (V1-V3) and ST segment elevation of 4 mm in lead
\DIII, aVF.
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The toxic blood panel returned positive for cyanide poison-
ing. Then, investigation authorities discovered patients poison-
ing with much cyanide before 30 minutes of the onset of symp-
toms. After 32 hours, the patient died with a terminal rhythm of
the asystole, despite initiation of antidotes.

A post-mortem examination showed the heart in the stan-
dard anatomical position of normal mass, dimensions and wall
thickness. Opening the pericardium revealed pale red fluid <100
mls with some small hemorrhages on the surface of the left

ventricle, all likely from prolonged CPR. The myocardium was
soft with unobstructed epicardial coronary arteries (minor ath-
eromatous plaques) with normal course and origin. The valves
were normal morphology, no evidence of mitral valve prolapse,
bicuspid aortic valve, or endocarditis. We confirmed the diagno-
sis of cyanide poisoning by the concentrations of cyanide in the
blood, the stomach, and several organs.

Discussion

BrS is characterized by ST segment elevation in the right pre-
cordial leads (V1 to V3) of the ECG. The ST elevations in BrS may
present intermittently, and these changes may be triggered or
exaggerated by Na* channel blockers (flecainide, procainamide
or ajmaline) or other factors (high fever, alcohol or cocaine
abuse). In the presence of weak Na* current, theunopposed
outward K* current Ito and ICa, cause accentuation of the ac-
tion potential notch in the RV epicardium. As these changes oc-
cur in the epicardium but not in the endocardium, they create a
transmural voltage gradient resulting in accentuated J wave and
ST segment elevation associated with the Brugadapattern [1].

Our patient, a healthy middle-aged man, had no cardiovas-
cular risk factors, no personal or familial history of syncope,
sudden unexpected deaths or Brugada, annual ECG for 15 years
has been normal, excluded the possibility of underlying Bruga-
da syndrome, developed a type 1 Brugada pattern in the early
hours of cyanide poisoning. The study on 161 patients with CN
poisoning showed that there were five patients whose elevated
ST segments and seven patients whose negative T waves [2].
The study of Zoltani et al, performance computational study
of the cellular processes of ventriculur cardiac tissue exposed
to CN is presented. The ECG pattern was generated from the
computer resembling BrS calculated by computational algo-
rithm following Luo-Rudy formalism, which relies on the change
of sodium, potassium, and calcium currents directly by CN in
the epicardium [3]. After exposure with CN, the concentration
of CN is highest in the myocardium, its interference with the
respiratory chain within the mitochondria of myocardial cells,
especially in epicardium where the bloodstream reaches first
and the number of /to channel is more than other areas. As the
consequence, the myocardial cells on the epicardium are the
primary injury area. Bedsides, the repolarization phase of myo-
cardium starts beginning from the epicardium to endocardium.
So, the changes of ion channels in epicardium cells by CN ef-
fect in the early period create a transmural gradient between
marginal (epicardium) and inner (endocardium) layers of the
myocardium which results in ST changes and the appearance
of a J wave that closely resembles the ECG in BrS. This mecha-
nism may be suitable for the histopathological RVOT (Right Ven-
tricular Outflow Tract) myocardiumfrom our patient. The RVOT
epicardium region had the interstitial infiltration of fluid (oe-
dematous liquid) and many eosinophils. Striations and nucleus
within myocardial muscle cells are lost. The cytoplasms have
many unknown black scattered throughout the entirety of cell
(Figure 4A), which other areas such as endocardium and mid
myocardium do not have. In some fields, the cytoplasms mim-
icked the alveoli of lung (Alveolarization), may be the next stage
after degeneration of the unknown black (Figure 4B).
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Figure 4: A: The microscope with 40X of the RVOT epicardium. A:
the cytoplasms have many unknown black scattered (yellow ar-
row) throughout the entirety of cell; B: the cytoplasms mimicked
the alveoli of lung (Alveolarization) (green arrow). j
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The endocardium and mid myocardium of RVOT were still
striated and nucleus. The eosinophil infiltrated in the intersti-
tial tissue (Figure 5). The absence of unknown black scattered
in RVOT endocardium and mid myocardium excluded the me-
chanical damage due to chest compression.
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Figure 5: The microscope with 10X, 40X of RVOT endocardium and
mid myocardium, still striated and nucleus, eosinophil infiltrated
in the interstitial tissue, noun known black scattered in the cyto-

\\plasms. j

The effects of CN on myocardial electrophysiology are not
well known. It is difficult to determine clearly if all of the ECG
changes were a direct consequence of CN poisoning or second-
ary to the severe metabolic disorder placed on the patient from
CN toxicity. An early study carried by Wexler and colleagues
showed direct changes to the myocardium in response to CN,
which may explain some of the ECG changes. The authors
demonstrated the electrical changes consisted of P-wave sup-
pression and bradycardia, eventually culminating in ventricular
tachycardia and Ventricular Fibrillation (VF) [1]. Patients with
BrS are prone to VF and arrest which did not occur in our case.

The cause of the arrest with PEA was due to severe respira-
tory dysfunction at the cell. Because being absorbed into the
body, CN moves through the cytoplasmic membrane and accu-
mulates in the mitochondria hiding the respiratory chain. The
authors suggest that restoring the depolarizing sodium current
and maintaining calcium hemostasis are the most effective way
to reverse these effects in CN poisoning. The CRRT is suitable to
regulate any metabolic disturbances and as a method of thio-
cyanate clearance. Our patient also underwent hemodiafiltra-
tion. However, our patient was poisoned with a high dose and
for quite a long time from exposed moment to diagnosis time,
then finally he could not recover because of the severe cerebral
tissue edema along with circulatory collapse.

Conclusions

CN toxicity can cause the ECG BrS pattern, particularly in the
early hours. In this situation, the difficulty diagnoses early be-
tween the BrS and CN toxicity. The distinction is essential be-
cause CN toxicity early diagnosis and the antidotes treatments
given immediately that the patient's prognosis will significantly
improve. Therefore, it is necessary to have more research clari-
fying the mechanism of CN toxicity on the cardiovascular sys-
tem and cardiac electrophysiology.

Learning objectives
1. CN toxicity can cause the type 1 BrS ECG pattern.

2. The histopathology of patients with CN toxicity has more
abnormalities in the epicardium than the endocardium.

3. Compare to BrS, the ECG of CN toxicity may be dynamic
and cardiac arrest in this case was PEA and asystole, not ven-
tricular tachyarrhythmia.
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