Carbon monoxide
poisoning
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Carbon monoxide poisoning is a significant cause
of illness and death. Its protean symptoms probably
lead to a gross underestimation of its true inci-
dence. Low levels of carbon monoxide aggravate
chronic cardiopulmonary problems, and high levels
are associated with cardiac arrhythmias and cere-
bral edema. Patients who survive acute poisoning
are at risk of delayed neurologic sequelae. The
measurement of carboxyhemoglobin levels does not
reveal the tissue levels of carbon monoxide but is
useful in determmmg therapy. Treatment includes
the monitoring and management of cardiac ar-
rhythmias and oxygenation. Hyperbaric oxygena-
tion is beneficial, but there are currently no
definite criteria for its use.

L’intoxication par le monoxyde de carbone rend
compte d’'une morbidité et d'une mortalité impor-
tantes. Mais la variabilité de sa symptomatologie en
fait sans doute sous-estimer la fréquence. L'intoxi-
cation méme légére aggrave les troubles cardio-pul-
monaires préexistants; plus importante, elle déter-
mine des arythmies cardiaques et 'oedéme cérébral.
Les sujets qui survivent a une intoxication aigué
sont exposés 4 des séquelles neurologiques i retar-
dement. La carboxyhémoglobinémie, si elle ne
renseigne pas sur la concentration tissulaire du
monoxyde de carbone, sert quand méme de guide
pour la thérapeutique. Outre 'oxygénation, celle-ci
comporte le dépistage et le traitement des aryth-
mies. Si l’oxygenotheraple hyperbare est utile, ses
indications sont encore a préciser.

arbon monoxide poisoning is the leading
cause of death from poisoning in the
United States,! accounting for approxi-
mately 3500 accidental or suicidal deaths
per year.2 The incidence of nonlethal poi-
soning is very difficult to assess; one early report
suggested a 2:1 survival ratio,® but this is probably
a gross underestimation, as the protean symptoms
of nonlethal poisoning often lead to misdiag-
nosis.*¢ The most common misdiagnosis is flu-
like viral illness;%” other misdiagnoses range from
pseudotumour cerebri’ to acute myocardial infarc-
tion.* Grace and Platts ranked carbon monoxide
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poisoning with syphilis, tuberculosis and subdural
hematoma in its ability to mimic a variety of
systemic diseases. The incidence of carbon monox-
ide poisoning is likely to increase as fuel costs rise,
more people use wood fuels, and housing is made
more airtight.®*

Sources

Catabolism of hemoglobin and other heme-
containing compounds to bilirubin and carbon
monoxide accounts for a baseline carboxyhemo-
globin (COHD) level of less than 1%. This level
increases in patients with hemolytic anemias.?°
Methylene chloride, a constituent of many paint
strippers, is converted in vivo to carbon monoxide.
This source is particularly hazardous since the
COHDb level continues to increase after cessation of
exposure; when the level begins to decrease it does
50 slowly.11

The major source of carbon monoxide is the
incomplete combustion of organic fuels. Internal-
combustion engine exhaust may contain up to 8%
carbon monoxide and still meet US emission
standards,”? although there is evidence that the
implementation of emission standards has reduced
the carbon monoxide production of newer vehi-
cles.® Vehicle exhaust is particularly hazardous in
enclosed spaces, such as garages or the holds of
ships.1 The use of gas-powered ice-surfacing ma-
chines has led to carbon monoxide poisoning in
skating rinks.’>® Johnson and colleagues!s have
described 15 such cases; these children were initial-
ly thought to have food poisoning, another com-
mon misdiagnosis.’’

Fires are an obvious source of carbon monox-
ide, with smoke containing 0.1% to 10% carbon
monoxide® and several other potentially toxic
gases.?122 In a 2-year study of fire-related deaths in
New York Zikria and associates? found that 58.9%
of the victims who had survived less than 12 hours
after injury had had carbon monoxide poisoning
and that 24.3% had had lethal levels of COHb.
Inadequate venting of furnaces, water heaters and
space heaters can cause lethal levels of carbon
monoxide,*’2 as can charcoal fires in enclosed
spaces.” Incomplete combustion of canned fuels
used to heat food (e.g., Sterno) can also produce
toxic amounts of carbon monoxide.? Air pollution
can be associated with a baseline COHD level of up
to 2% in nonsmokers.?

Cigarette smoking is a significant source of
carbon monoxide, producing COHb levels of 5% to
9%.7% “Sidestream” smoke, which is emitted by
the burning tip of a cigarette, contains two and a




half times more carbon monoxide than “main-
stream”, inhaled smoke.?® Cigarette smoking in
night clubs and taverns can produce hazardous
levels of carbon monoxide when the ventilation is
inadequate.® Nonsmokers exposed to sidestream
smoke (so-called “passive smokers”) absorb carbon
monoxide.? .

Pathophysiologic features

Carbon monoxide is taken up by the lungs,
the uptake being proportional to the minute vol-
ume. Metabolism to carbon dioxide has a minor
effect on carbon monoxide stores, the main route
of excretion being via the lungs. Excretion is also
dependent on the minute volume.*

Carbon monoxide combines with hemoglobin,
depending on the partial pressures of carbon
monoxide and oxygen;* however, carbon monox-
ide’s affinity for hemoglobin is 230 to 260 times
that of oxygen3* With this high affinity, rapid
breathing during heavy exercise can cause a 30%
rise in the COHD level after 2 minutes’ exposure to
1% carbon monoxide.? A level of 0.4% can be fatal
after 1 hour.®

Peterson and Stewart* exposed human volun-
teers to various concentrations of carbon monoxide
for 30 minutes to 24 hours. Blood COHD levels
were determined during exposure and up to 23
hours after exposure. Treatment was carried out
with oxygen at one and three atmospheres of
pressure. The investigators measured the half-life
of COHb in room air at an average of 320
(extremes, 128 and 409) minutes. They felt that the
variations in half-life could be attributed to differ-
ences between the subjects and their activity levels.
At normal pressure 100% oxygen reduced the
half-life of COHb to an average of 80.3 minutes; at
three atmospheres of pressure it further decreased
the half-life to an average of 23.3 minutes.

COHD shifts the oxyhemoglobin dissociation
curve to the left, so the oxygen that is still bound
to hemoglobin is not as readily available at the
cellular level, which results in a lower tissue
oxygen pressure than that seen with similar levels
of simple hypoxia.” Many authors believe that the
toxic effect of carbon monoxide is due to hypoxia
alone, 2526383 but there is evidence that binding to
heme-containing proteins at the cellular level also
has a role.

Ten to fifteen percent of the total body carbon
monoxide is located in the extravascular tissues.®
This percentage increases at COHb levels greater
than 55% and with hypoxia.’*32 Carbon monoxide
competes with oxygen for cytochrome a, but
oxygen’s affinity is nine times greater under nor-
mal conditions.*! In the transition from anoxia to
normoxia as little as 0.01% carbon monoxide can
profoundly impair the cytochrome chain.#2 Carbon
monoxide has been observed to have direct toxic
effects on mammalian lung tissue through inhibi-
tion of the cytochrome chain.# Electron microscop-

ic studies of neural and cardiac tissue in rats have
demonstrated a greater decrease in cytochrome
oxidase activity with carbon monoxide poisoning
than with a comparable level of hypoxia.# Carbon
monoxide binds to cardiac and skeletal muscle
myoglobin, with cardiac muscle taking up about
three times as much as skeletal muscle.# During
hypoxemia, carboxymyoglobin loads increase sig-
nificantly.® Carboxymyoglobin dissociation is
slower than COHb dissociation, accounting for a
rebound of COHb to significant levels several
hours after therapy has resulted in low levels.ss
The ratio of cardiac carboxymyoglobin to circulat-
ing COHDb is approximately 3:1,% which indicates
that in individuals with a COHb level of 10%,
approximately 30% of cardiac myoglobin is saturat-
ed with carbon monoxide. This significantly de-
creases the oxygen reserve available to the myocar-
dium. :

Clinical manifestations

The effects of carbon monoxide poisoning are
apparent in most body systems but are most
pronounced in areas of high blood flow and
oxygen demand (i.e., the heart and brain). The
initial symptoms are nonspecific. Of 184 victims of
acute carbon monoxide poisoning 90% had head-
ache, 82% dizziness, 53% weakness, 46% nausea,
46% trouble in thinking, 40% shortness of breath,
26% visual problems and 6% loss of conscious-
ness.* Headache, dizziness, weakness and trouble
in thinking correlated well with duration of expo-

~ sure. Increased temperature is not uncommon, nor

is mild hypertension.”* Diarrhea can also occur.”
In view of these symptoms it is not surprising that
flu-like illness is the most common misdiagnosis,
particularly when further questioning reveals that
a roommate or family member is having similar
symptoms. If carbon monoxide poisoning is not
considered in patients with these symptoms they
may return to a hazardous environment, with
disastrous results.®¢ Carbon monoxide poisoning
resulting from the use of inadequately vented
heating devices tends to occur with the onset of
cold weather, coincident with the “flu season”.
Cherry-red skin discoloration, sa long thought
to be typical of carbon monoxide poisoning, is
uncommon.* Skin vesicles commonly develop at
pressure points in comatose patients.4 Bullous
lesions may also develop in areas not subject to
pressure, and sweat-gland necrosis has been re-
ported.®® Rhabdomyolysis can occur either second-
ary to pressure necrosis in comatose patients***° or
as a direct cellular toxic effect in patients with
long-term exposure.® Such patients are at risk of
renal failure from myoglobinuria.s!
 There is an increase in the number of patients
with pulmonary problems presenting to emergen-
cy departments during periods of high ambient
carbon monoxide levels.s? Patients with chronic
obstructive lung disease have significantly reduced
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exercise tolerance with a COHDb level of 9%, a
level easily reached with heavy smoking. Low
levels of carbon monoxide may have deleterious
effects on cell structure in terminal airways.®*5 A
decrease in mid- and end-expiratory flow rates in
nonsmokers who are chronically exposed to tobac-
co smoke has been attributed to carbon monox-
ide.s Acute carbon monoxide poisoning is associ-
ated with noncardiogenic pulmonary edema in up
to 30% of cases.’>”

With low levels of COHb for long periods,
cardiac performance, particularly in patients with
coronary artery disease, is affected. Healthy coro-
nary vessels will dilate in the presence of COHb
and thus permit sufficient blood flow for adequate
cellular oxygenation.® This compensatory mecha-
nism is not present in patients with atherosclero-
sis, and low levels of COHDb decrease the time to
onset and increase the duration of angina pecto-
ris.® Freeway travel in Los Angeles has been
known to increase COHDb levels to a mean of 4.96%
and hence cause earlier onset of exercise-induced
angina in patients with coronary atherosclerosis.®
Ischemic ST-segment depression has been reported
to occur in 3 of 10 patients who were breathing
freeway air.® Passive smoking also aggravates
angina pectoris.! Intermittent claudication occurs
earlier than expected in patients with low levels of
COHb,2 and carbon monoxide poisoning has been
implicated in the pathogenesis of atherosclero-
sis.63%¢ Long-term exposure to low levels of carbon
monoxide causes polycythemia; however, the in-
crease in the hemoglobin level is not an effective
compensatory mechanism, since the level of intra-
erythrocytic 2,3-diphosphoglycerate decreases, and
this results in impaired oxygen transport capabili-
ty.“'“

The major cause of death associated with acute
carbon monoxide poisoning is cardiac arrhyth-
mia.” Premature ventricular complexes are com-
mon,” and infarcts can occur.®® In patients with
acute myocardial infarction the threshold for ven-
tricular fibrillation is reduced in the presence of
COHD levels as low as 9%.® There is an increased
rate of death from myocardial infarction in high-
pollution areas during periods of increased ambi-
ent carbon monoxide levels.” Patients who survive
acute exposure are at risk of disability or death
from the effects of carbon monoxide on the central
nervous system.

Carbon monoxide poisoning may result in
lethal cerebral edema as a consequence of cell death
that is caused by hypoxia and interference with
cellular respiration. Symmetric, destructive frontal
and posterior parietal leukoencephalopathy oc-
curs,”! as do degenerative changes in the basal
ganglia, especially the globus pallidus. Early com-
puterized tomographic evidence of low-density
areas in the globus pallidus in comatose patients
correlates well with a high risk of death”2 or poor
eventual outcome, as measured by the Glasgow
Outcome Scale.”

Carbon monoxide poisoning is associated with
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visual field defects, paracentral scotomas, homony-
mous hemianopias, and temporary or permanent
blindness. Papilledema may be seen on funduscop-
ic examination.” Kelley and Sophocleus® found
flame-shaped superficial retinal hemorrhages to be
a sensitive indicator of subacute exposure to car-
bon monoxide and stressed the importance of
funduscopic examination in patients with flu-like
symptoms. Vestibular dysfunction and hearing
loss have also been reported.”

Central nervous system disorders due to de-
layed neuropsychiatric or neurologic deterioration
have long been recognized as a sequela of carbon
monoxide poisoning. Delayed deterioration is also
associated with diffuse demyelinization.” A 3-year
follow-up of patients with carbon monoxide poi-
soning revealed that 11% suffered neuropsychiatric
disturbances,” the most common being “affective
incontinence”, which included increased irritabili-
ty, impulsiveness, mood changes, violence and
verbal aggressiveness. Personality changes, cogni-
tive abnormalities and neurologic abnormalities
were common in patients with a decreased level of
consciousness at the time of admission to hospital.

A review of 2360 victims of acute carbon
monoxide poisoning revealed delayed neurologic
sequelae in 3%; 98% of these had mental deteriora-
tion, 88% urinary or fecal incontinence, or both,
and 81% gait disturbances.”® Mutism, tremor,
weakness and speech disturbances were also noted.
Epilepsy is yet another consequence.? The onset of
delayed symptoms may occur from 3 days to 3
weeks after exposure.”

Diagnosis

The diagnosis of carbon monoxide poisoning
may be obvious if one is presented with a coma-
tose patient who was found in a car with its motor
running and a hose extending from the exhaust
pipe to the driver's window. It is much less
obvious when a husband and wife and their
18-month-old son present with nausea of abrupt
onset, vomiting, diarrhea, abdominal cramps and
headache.”® The symptoms are so protean that
carbon monoxide poisoning must be considered in
the differential diagnosis of any flu-like syndrome.
Since the presence of flame-shaped retinal hemor-
rhages is a sensitive but nonspecific indicator of
subacute exposure to carbon monoxide, funduscop-
ic examination should be performed routinely on
patients with flu-like symptoms.® Patients with
vague or flu-like symptoms should be asked ques-
tions about their possible exposure to sources of
carbon monoxide, especially during cold months.

Determination of COHb levels is, at present,
the best laboratory method for assessing exposure
to carbon monoxide, since symptoms tend to
correlate well with COHDb levels (Table I). Some
patients, however, may be asymptomatic and have
high levels of COHb, as in one patient who had a
COHDb level of 58% but neither acute symptoms
nor neurologic sequelae.® Conversely, treatment




with oxygen before a COHb sample is taken may
produce a low level of COHb in patients who have
severe symptoms.8!

Myers and coworkers®! advocated treatment
for carbon monoxide poisoning in any uncon-
scious patient who has a history compatible with
poisoning, regardless of his or her COHb levels.
They described four comatose patients who had
circumstantial evidence of carbon monoxide poi-
soning but low or nonexistent levels of COHD; all
four recovered completely with appropriate thera-
py. COHb levels do not indicate tissue levels of
carbon monoxide.®

Arterial blood gas determinations do not re-
veal a low partial pressure of oxygen, as only the
amount of oxygen physically dissolved in the
blood is measured. The pH may be altered, reflect-
ing lactic acidosis secondary to anaerobic metabo-
lism.822 Some authors have attempted to correlate
the degree of acidosis with the prognosis,® but
others have not found this useful.®

Psychometric testing has been used in an
attempt to determine which patients require hyper-
baric oxygen therapy. It involves six tests that
attempt to assess comprehension, memory, spatial
orientation, motor speed, fine motor control and
visual coordination.?* Preliminary reports indicate
that psychometric testing may prove to be an
accurate predictor of neurologic or neuropsychiatr-
ic sequelae.®

Treatment of acute exposure

As with exposure to any toxic agent, the
victim must be removed from the source. Rescuers
must take precautions if heavy exertion is required
to remove the patient from an environment con-
taining high levels of carbon monoxide. The main-

Table |—Symptoms commonly associated with various
levels of carboxyhemoglobin (COHb)

Level of COHb (%) Symptoms

0-10 None in healthy individuals

Reduced exercise tolerance in
patients with chronic obstructive
pulmonary disease

Decreased threshold for angina and
claudication in patients with
atherosclerosis

Headache, dyspnea on vigorous
exertion

Throbbing headache, dyspnea on
moderate exertion, difficulty with
concentration, weakness

Severe headache, dizziness, nausea,
vomiting, trouble in thinking,
visual disturbances

Confusion, syncope on exertion

50-60 Collapse, convulsions

60-70 Coma, frequently fatal

> 70 Coma, death likely

10-20

20-30

30-40

40-50

stream of therapy is oxygen, and supplemental
oxygen should be administered as soon as possible.
Blood should be taken for measurement of the
COHD level coincident with starting intravenous
therapy.?” Endotracheal intubation will be required
for comatose patients. Low levels of continuous
positive airway pressure should be used if there is
evidence of inhalation injury.? The highest con-
centration of oxygen available should be adminis-
tered. For patients not requiring intubation the use
of a nonrebreathing mask and an oxygen flow of
10 L/min is recommended. A tight-fitting aviator-
type mask is better but is usually not readily
available. One hundred percent oxygen can supply
one third of the body’s oxygen demand by simple
dissolution in plasma.? This therapy also shortens
the half-life of COHb to 80.3 minutes.%

Cardiac rhythm should be monitored during
transport and in the emergency department. Ven-
tricular arrhythmias can be treated with lido-
caine.”” Electrocardiography should be done in the
emergency department and blood samples sent for
a complete blood count and determination of
baseline levels of COHb, serum electrolytes, urea
and creatinine, and arterial blood gases. Chest
roentgenography and urinalysis should also be
performed. If there has been prolonged stasis or if
myalgia is a prominent complaint the serum cre-
atine phosphokinase level should be measured and
the urine checked for myoglobin.

It is essential to admit to hospital all patients
with a COHDb level greater than 25%, those with a
history of cardiac decompensation and a COHb
level of 15% or greater, and those with acidosis,
electrocardiographic evidence of ischemia, im-
paired mentation and neurologic symptoms.#* Pa-
tients not fitting into these categories should
receive high-flow oxygen until their symptoms
disappear and the COHb level is less than 10%.
Patients admitted to hospital should receive cardiac
monitoring and 100% oxygen. The optimum dura-
tion of administration of 100% oxygen has not
been established. In Anderson’s study,* patients
with severe carbon monoxide poisoning received
treatment until COHb was no longer detectable;
however, several hours later its level increased
significantly owing to tissue binding of carbon
monoxide with slow release. This suggests that
prolonged administration of oxygen and serial
measurements of COHDb levels would be prudent.

Hyperbaric oxygen

The administration of 100% oxygen at three
atmospheres of pressure causes sufficient oxygen
to be dissolved in the blood for normal cerebral
aerobic metabolism*s and decreases the half-life of
COHb to about 23 minutes.? Hyperbaric oxygen
may also protect against cerebral anoxia,® cerebral
edema® and dempyelinization.”? However, there is
some controversy as to which patients should
receive hyperbaric oxygen.1”9? The development of
psychometric testing may help to resolve this
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" controversy,ts# as may the study that is under way
at the Porter Regional Baromedicine Center in
Denver.” The administration of hyperbaric oxygen
is a time-honoured therapy** and should be used
for unconscious patients, those with neurologic
symptoms caused by carbon monoxide poisoning
and those in whom poisoning is suspected.®! There
is some evidence that patients treated with 100%
normobaric oxygen can have a recurrence of symp-
toms 7 to 10 days after therapy.s These changes
may be reversed with late hyperbaric oxygen
therapy.#s The duration of treatment with 100%
normobaric oxygen in that study was not noted.

Hyperbaric oxygen is not readily available. At
present there are no guidelines for the transfer of
patients with carbon monoxide poisoning to facili-
ties that use hyperbaric oxygen therapy; moreover,
some concern has been expressed about transfer-
ring unstable patients when no controlled study
has demonstrated superior results with hyperbaric
oxygenation.! Early death is usually secondary to
cardiac arrhythmias,” which are associated with
levels of COHDb as low as 9%.9 Comatose patients
with elevated COHb levels should therefore re-
main at the original hospital, receiving 100% oxy-
gen and cardiac monitoring until the COHDb level
is less than 9%. Only if they remain comatose or
have neurologic symptoms should they be trans-
ported to a distant centre; 100% oxygen should still
be given during transportation. Comatose patients
who are brought to hospital with low levels of
COHb or none at all and strong circumstantial
evidence of carbon monoxide poisoning could be
transferred, while receiving 100% oxygen, after
initial assessment and stabilization. This approach
could be modified if a physician accompanied the
patient during transfer.

Other

Various other treatments have been proposed
for carbon monoxide poisoning, including hypo-
thermia,®*% total body asanguineous hypothermic
perfusion,” and exchange transfusion with whole
blood® or perfluorochemical emulsion.” However,
none of these have any clinical application at this
time.

Conclusion

Acute carbon monoxide poisoning is the lead-
ing cause of death from poisoning in the United
States. Practitioners must be aware of its presenta-
tion, diagnosis and therapy. They must also know
the effects of low levels of carbon monoxide on the
cardiovascular and respiratory systems so they can
question patients who have experienced changes in
angina patterns, those with increasing or earlier
onset of claudication and those with earlier onset
of dyspnea on exertion about their possible expo-
sure to carbon monoxide. These patients and those
with chronic obstructive lung disease must be
made aware that the low levels of carbon monoxide
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in cigarette smoke can adversely affect their per-
formance; smoking should thus be strongly dis-
couraged. In addition, they should not allow them-
selves to passively inhale tobacco smoke in their
home or work environment.

Subacute carbon monoxide poisoning is com-
monly misdiagnosed, so its actual incidence is not
known. Since flu-like illness is the most common
misdiagnosis, carbon monoxide poisoning must be
included in the differential diagnosis of this com-
mon syndrome. It is perfectly acceptable after
appropriate history-taking and physical examina-
tion to send a patient with headache, nausea,
vomiting, weakness and a mild increase in temper-
ature home, with the admonition to rest, drink
plenty of liquids and call back in the morning. If,
however, a patient has not been questioned about
possible carbon monoxide exposure and returns to
his house with its newly installed, inadequately
ventilated furnace the result could be disastrous.
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Incidence Less than 1%

1) Granulocytopenia (incidence about 0.5%), sometimes
resulting in death

2) Thrombocytopenia

3) Immune hemolytic anemia

4) Convulsions

5) Psychosis with hallucinations

6) Confusion

7) Mental depression

8) Giddiness

9) Lightheadedness

10) Weakness

11) Bitter taste

Rare

1) Hypotension

2)  Acase was reported with fever and chills plus nausea,
vomiting, abdominal pain, acute hepatomegaly, and
a rise in serum glutamic oxaloacetic transaminase
following a single dose of the drug.

3) Vasculitis (hypersensitivity-type).

SYMPTOMS AND TREATMENT

OF OVERDOSAGE

Signs and symptoms of overdosage of procainamide in-

clude severe hypotension, ventricular fibrillation, widening

of the QRS complex, junctional tachycardia, intraventricu-

lar conduction delay, oliguria, lethargy, confusion, nausea

and vomiting.

If ingestion is recent, gastric lavage or emesis may reduce

absorption. Dopamine, phenylephrine or levarterenol may

be helpful in reversing severe hypotensive responses.

Management of overdosage includes symptomatic treat-

ment with ECG and blood pressure monitoring. Procaina-

mide toxicity can usually be treated, if necessary, by

administering vasopressors after adequate fiuid volume

replacement. Intravenous infusion of Y5 molar sodium lac-

tate injection reportedly reduces the cardiotoxic effects of

procainamide. .

The urinary elimination of procainamide is proportional to

the glomerular filtration rate but is also affected by changes

in urinary pH. Procainamide is relatively lipid-soluble as

a free base but the ionized form is not. Acid urine, there-

fore, leads to ion trapping of procainamide which enters

the urine by passive diffusion from the plasma. Accord-

ingly, renal clearance of procainamide can be considera-

bly increased by maintaining a low urinary pH and high

flow rates.

If procainamide toxicity causes severe hypotension and

renal insufficiency, urinary efimination of procainamide and

NAPA is decreased and hemodialysis may be required.

Hemodialysis significantly reduces the serum half-life of

procainamide and effectively removes procainamide and

NAPA. Peritoneal dialysis is not effective.

It has been reported that one patient who ingested approx-

imately 7 g of procainamide hydrochloride recovered after

treatment consisting of iv. levarterenol, iv. furosemide, at-
tempted volume expansion with albumin, and hemodialy-
sis. Also reported is the case of an elderly patient who
recovered after ingestion of approximately 19 g of procaina-

mide hydrochloride. The patient was treated with iv.

isoproterenol and iv. epinephrine. The latter report sug-

gested that insertion of a ventricular pacing electrode is

a reasonable precautionary measure in case high grade

SV block develops. :

DOSAGE AND ADMINISTRATION

Selection of the dose and route of administration should

be made with the following facts in mind:

1) The optimum plasma level is 4 to 8 mcg/mL.

2) In elderly patients and in patients with impaired renal
function (decreased creatinine clearance) excretion is
delayed and reduced frequency of administration is re-
quired (see PRECAUTIONS).

3) An alkaline urine indicates a reduction in excretion rate,
and the necessity for reduced frequency of adminis-
tration.

4) Patients with cardiac failure, shock, low cardiac output
and extrarenal azotemia should be carefully monitored
and the dose or frequency of administration reduced
if necessary.

5) Excretion rates appear to be unchanged by furosemide
and other diuretics but are decreased by the use of
acetazolamide, due to the production of alkaline urine.

6) Should toxic or sub-therapeutic-levels be suspected,
the patient’s plasma procainamide should be deter-
mined and adjusted accordingly.

Patients vary in response to a dose of procainamide.

Nevertheless, the following guidelines should be con-

sidered when deciding upon the patient’s actual re-

quirements.

PRONESTYL-SR Tablets (procainamide hydrochloride
tablets) are a sustained release dosage form not intended
for initial therapy. For initial therapy by oral administration,
conventional oral formulations of PRONESTYL (procaina-
mide hydrochloride) are recommended. Patients stabilized
to an appropriate dosage level can be transferred to an
equivalent daily dosage regimen of PRONESTYL-SR tablets.
The duration of action of procainamide hydrochloride sup-
plied in this sustained release form allows dosing at inter-
vals of every 6 hours, which may encourage patient
compliance.

Ventricular Tachycardia and Premature Ventri-
cular Contractions — The suggested maintenance
dosage of PRONESTYL-SR Sustained Release Tablets is
50 mg/kg of body weight daily given in divided doses at
six hour intervals.

To provide approximately 50 mg per kg per day:*

Give patients weighing less than 55 kg — 500 mg q6h
Give patients weighing between 55 and 91kg
— 500 mg or 19 g6h

Give patients over 91 kg — 1 g g6h

*This dosage schedule is for use as a guide for treating
the average patient; however, each patient must be con-
sidered on an individual basis.

Atrial Fibrillation and Paroxysmal Atrial
Tachycardia — The suggested maintenance dosage of
PRONESTYL-SR Sustained Release Tablets is 05 to 1g
every six hours.

Administration:

Patients should be advised not to break or chew the
sustained-release tablet, as this would interfere with
designed dissolution characteristics.

AVAILABILITY

Each greenish-yellow, biconvex, oval, veneer-coated sus-
tained release tablet contains 500 mg of procainamide
hydrochloride. Available in botties of 100 and 500 tablets.

Storage: Store at room temperature; avoid excessive

heat.

Product monograph available on request.
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