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POISONING BY SODIUM 
CHANNEL BLOCKING AGENTS 

Paul F. Kolecki, MD, and Steven C. Curry, MD 

The cell membrane is relatively impermeable to sodium ions (Na'), 
and cells expend much energy pumping Na+ out of cells to maintain 
higher extracellular Na' concentrations and negative resting membrane 
potentials (about - 90 mV in heart muscle). The organized influx of Na' 
back into cardiac cells through Na' channels, however, helps pacemaker 
cells reach threshold; allows propagation of the action potential through 
the heart's conduction system and muscle; and triggers calcium influx 
in myocardium, which in turn initiates myocardial contraction. 

Many pharmaceutical agents are administered primarily because of 
their ability to block Na' channels, whereas other Na' channel antago- 
nists are given because of additional pharmacologic effects (Table 1). 
The ability of agents to block Na' channels is variously described as a 
membrane stabilizing effect, a local anesthetic effect, or a quinidine-like 
effect. Regardless of which name is used, toxicity following large doses 
of Na' channel blockers shares a common pathophysiology and results 
in similar signs and symptoms. Importantly, recent studies indicate that 
adverse effects resulting from Na' channel blockade produced by a 
multitude of agents may respond to therapy with hypertonic sodium 
bicarbonate. 
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Table 1. EXAMPLES OF DRUGS WITH NA+ CHANNEL BLOCKING ACTIVITY 

Amantadine* 
Amoxapine* 
Anti histamines' 
Beta blockerst 
Carbamazepine* 
Chloroquine* 
Cocaine 
Disopyramide* 
Encainide 
Flecainide 
Hydroxychloroquine* 
Local anesthetics 

Loxapine' 
Maprotiline* 
Moricizine* 
Orphenadrine* 
Phenothiazines*$ 
Procainamide* 
Propafenone 
Propoxyphene 
Quinidine* 
Quinine* 
Tricyclic antidepressants* 

'Anticholinergic. 
tPropranolol is among the most potent Na+ channel blockers among beta blockers. 
SThioridazine and mesoridazine are the most cardiotoxic phenothiazines. 

VOLTAGE-GATED SODIUM CHANNELS AND CARDIAC 
ACTION POTENTIALS 

Sodium channels reside in the cell membrane and comprise several 
subunits of long polypeptides that span the plasma membrane several 
times. Numerous subtypes of Na' channels exist, and are part of a 
common gene superfamily, explaining their structural similarity. 

Sodium channels are generally classified based upon the stimulus 
that causes them to open. Ligand-gated Na' channels open (activate) in 
response to binding of a ligand to the channel. For example, the nicotinic 
receptor for acetylcholine is a ligand-gated Na' channel that opens in 
response to binding by acetylcholine. 

Voltage-gated sodium channels open in response to depolarization 
of the cell membrane.34 Sodium channel blockers discussed in this article 
antagonize these, rather than ligand-gated channels, and future reference 
to Na' channels refers to voltage-gated channels unless otherwise speci- 
fied. 

The role of voltage-gated sodium channels in generation and con- 
duction of action potentials was elucidated in classic studies done on 
the great axon of the squid.28 Voltage-gated Na' channels cycle through 
three states during the action potential (Fig. 1). At resting membrane 
potential, Na+ channels reside in the resting state and are impermeable 
to Na + .75 

Depolarization of the cell membrane produces a conformational 
change in the Na' channel and causes it to become activated (open), 
during which time it allows Na' influx into the cell. The greater the 
degree of membrane depolarization, the greater the chance that any one 
channel activates. 
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Figure 1. Three states of voltage-gated Na+ channels. Recovery only occurs with repolar- 
ization of membrane potential. Most Na+ channel antagonists bind to inactive and active 
Na+ channels. Tachycardia increases the number of channels in active and inactive states 
per unit time and can, therefore, increase binding affinity for the drug. 

After activation, an additional conformational change in the ion 
channel blocks further Na' influx and membrane depolarization. At this 
time, the Na' channel is said to be inactivated. Inactivated Na' channels 
neither conduct sodium nor become activated, but rather conformation- 
ally change back to the resting state during repolarization of the mem- 
brane potential in a process termed recovery. The resting channel is then 
capable of activating again in response to membrane depolarization. 

Most sodium channel blockers preferentially bind to inactivated and 
activated Na' channels to slow recovery.59 This results in fewer Na' 
channels returning to rest during repolarization, fewer channels capable 
of activation, and decreased Na' influx in response to membrane depo- 
larization. As heart rate increases, more channels enter the activated 
and inactivated state per unit time. Because most antagonists bind to 
inactivated and activated channels, fast heart rates may be accompanied 
by worsening Na' channel blockade.59 

Nonpacemaker Cells 

In nonpacemaker cells of the heart, the action potential is divided 
into five phases (Fig. 2).75 Resting membrane potential is termed phase 4, 
and Na' channels are at rest (closed) during this state. As the cell 
membrane begins to depolarize (e.g., from opening of ligand-gated ion 
channels or in response to depolarization of an adjacent tissue), Na' 
channels begin to activate and allow for influx of Na' and further 
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Figure 2. Example of a non-pacemaker cell action potential. The upslope of phase 0 is 
responsible for QRS duration. Blockade of Na+ channels depresses the upslope of phase 
0 (depresses V,,,) to widen the QRS complex of the electrocardiogram. 

depolarization of the membrane. When threshold is reached, all Na' 
channels open, resulting in massive Na' influx and onset of phase 0, or 
the upstroke of the cardiac action potential.75 

The upslope of phase 0 is directly responsible for the normally 
rapid rate of conduction of the action potential through the ventricle 
and results in a narrow QRS interval of the ECG.59 The faster a cell 
depolarizes (the greater the upslope of phase 0, the greater the maximal 
change in voltage per unit time [V,,]), the faster the adjacent cell 
depolarizes, and the faster is the propagation of the action potential 
through the heart. A large enough dose of any drug or toxin that blocks 
Na+ channels depresses the upslope of phase 0 (V,,,), with a resultant 
widening of the QRS complex. 

Phase 1 begins with the inactivation of Na' channels at the peak of 
the action potential and is marked by rapid repotarization resulting from 
activation of K+ channels that allow K+ efflux. Phase 2, or the plateau 
phase, results from a balance between Ca++ influx through voltage- 
gated Ca++ channels and a K' efflux. The offsetting of these two 
currents results in only a small change in the membrane potential during 
plateau because the net ion conductance is minimal." In myocardium, 
the influx of Cat+ during phase 2 triggers the intracellular release of 
Ca' + from sarcoplasmic reticulum to initiate contraction. These L-sub- 
type voltage-gated Ca' + channels are blocked by calcium blockers, 
such as verapamil, diltiazem, and nifedipine, explaining their negative 
inotropic effect. 

The rapid repolarization of phase 3 again results from activation of 
K' channels and outward movement of K'. During late phase 2 and 
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phase 3, Na' channels increasingly undergo recovery as membrane 
potential moves toward a more negative value (i.e., repolarizes). After 
returning to resting membrane potential (phase 4), essentially all Na' 
channels have undergone recovery and are capable of activation again. 

Pacemaker Cells 

The action potential of pacemaker cells comprises three phases (Fig. 
3).,, In phase 4, there exists spontaneous efflux of K+ and influx of Na'. 
Whether the slow depolarization to threshold voltage in phase 4 results 
mainly from decreased K' efflux or increased Na' influx remains un- 
known.*O Sinus bradycardia following poisoning with Na + channel 
blockers, however, presumably results from slowed depolarization of 
pacemaker cells during phase 4. 

When the threshold potential is reached, phase 0 begins and results 
almost entirely from Ca' + influx through L-subtype voltage-gated Ca+ + 

channels. In contrast to non-pacemaker tissue, very little Na' influx 
occurs during phase 0. Phase 3, as in non-pacemaker cells, is due almost 
entirely to K' efflux. 

MYOCARDIAL TOXICITY FROM SODIUM CHANNEL 
BLOCKADE 

Overdoses with the various Na' channel blockers listed in Table 1 
share several cardiotoxic features that result from Na+ channel blockade. 

Time 

Figure 3. Example of a pacemaker cell action potential. Spontaneous membrane depolar- 
ization during phase 4 is incompletely understood but results, in part, from influx of Na+ 
through Na+ channels. Na+ channel blockade, then, may produce bradycardia. In contrast 
to non-pacemaker cells, phase 0 results from influx of Ca+ + rather than influx of Na'. 
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These include intraventricular conduction defects, ventricular arrhyth- 
mias, myocardial depression, and bradyrhythmias. 

lntraventricular Conduction Defects 

As noted previously, blockade of Na+ channels in the conduction 
system and myocardium depresses V,,, of phase 0 and slows propaga- 
tion of the action potential. Clinically, this is represented by a widening 
of the QRS complex, and in some cases QRS complexes take the pattern 
of recognized bundle branch blocks. In severe cases, QRS widening 
becomes so profound that it is difficult to distinguish between ventricu- 
lar and supraventricular rhythms. Near-terminal poisoning by Na + 

channel blockers is accompanied by progressive QRS widening to the 
point of a sine wave and eventual asystole. 

Ventricular Arrhythmias 

Sodium channel blocker-induced monomorphic ventricular tachy- 
cardia is thought to occur by slowing intraventricular conduction to the 
point that unidirectional block and re-entrant circuits develop.59 Nattel 
et a147 demonstrated marked slowing of intraventricular conduction and 
resulting ventricular tachycardia in amitriptyline-treated dog hearts. 
These arrhythmias did not appear to be due to an automatic increase 
because amitriptyline reduced the spontaneous idioventricular rate. Bru- 
gada et a18 later demonstrated the induction of functional re-entrant 
circuits and ventricular tachycardia in flecainide-treated rabbit hearts. 
These and other studies support the theory that Na' channel-blocking 
drugs can cause slowed intraventricular conduction, unidirectional 
block, the development of a re-entrant circuit, and a resulting ventricular 
ta~hycardia,'~, 70 which can degenerate into ventricular fibrillation. 

Given the structural similarity between Na' channels and K' chan- 
nels, it is not surprising that many Na+ channel blockers also bind to 
K' channels to prevent K+ efflux. Examples include group IA antiar- 
rhythmics, tricyclic antidepressants, and phenothiazines. Prolonged re- 
polarization from impairment of outward K+ currents produces a 
lengthening of the JT and QT interval and is thought to explain the 
occurrence of polymorphic ventricular tachycardia (torsades de pointes). 
Sinus tachycardia resulting from anticholinergic effects of these same 
agents may be protective and explains why polymorphic ventricular 
tachycardia, although possible, remains relatively uncommon after over- 
dose of anticholinergic Na + channel blockers. 
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Negative lnotropic Effect 

Myocardial depression accompanies serious Na + channel block- 
ade.19, 36 H~rnerjager~~ showed that fixed concentrations of tetrodotoxin 
and quinidine, both potent Na' channel blockers, caused a decrease in 
V,,, and a decreased force of contraction in papillary muscles of guinea 
pigs. Nawada et a149 demonstrated a dose-response relationship between 
depression of V,,, and force of contraction using several class I antiar- 
rhythmics. 

The exact mechanisms responsible for negative inotropic effects of 
Na+ channel blockers are not well understood. A fall in intracellular 
Na' concentration from blockade of Na+ channels may result in a 
decrease in the Na+-Ca++ exchange and a fall in intracellular Ca++ 
concentrations (a physiologic effect on myocardial contractility opposite 
to that of cardiac glycosides). In addition, many Na' channel blockers, 
including lidocaine and quinidine, have been shown to block Ca' + 

channels directly at high 

Bradyrhythmias 

Many Na' channel blockers possess anticholinergic (e.g., tricyclic 
antidepressants, diphenhydramine, phenothiazines) or adrenergic (e.g., 
cocaine, tricyclic antidepressants) properties that produce sinus tachycar- 
dia after overdose. Agents devoid of these effects, however, commonly 
produce bradyrhythmias.18, 68 Importantly, even anticholinergic and ad- 
renergic Na + channel blockers produce depressed automaticity with 
sinus bradycardia, escape junctional or ventricular rhythms, and even- 
tual asystole after large doses.36 In Na' channel blocker poisoning by 
anticholinergic drugs, the combination of a wide QRS complex and 
bradycardia is ominous because it indicates that Na+ channel blockade 
is so profound that a tachycardia cannot be mounted in response to 
muscarinic antagonism. 

Bradyrhythmias and hypotension follow beta blocker ingestions, 
especially propranolol. Beta blockers vary in their ability to block Na' 
channels, with propranolol being among the most effective in this re- 
gard. The main cause of hypotension and bradycardia following beta 
blocker overdose in patients without heart disease is probably Na' 
channel blockade rather than beta bl~ckade.~, 26 Indeed, widening of 
the QRS complex is well-documented in beta blocker to~icity.~ 

The mechanism for decreased automaticity in pacemaker cells dur- 
ing severe Na+ channel blocker overdose is unclear, in part because 
the exact ion currents responsible for spontaneous depolarization of 
pacemaker cells remain undefined. It is expected that if Na+ influx 
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during phase 4 causes pacemaker cells to reach threshold, then Na' 
channel blockade explains slowed depolarization and bradycardia. An 
analogous situation has been demonstrated by Rodriguez and Tamargo60 
in Purkinje's fibers. They found that high doses of imipramine depress 
the slope of phase 4 depolarization to the point of asystole.60 

Consequences of Tachyrhythmias on Na+ Channel 
Blockade 

Tachyrhythmias are commonly seen with Na+ channel blocker over- 
doses because of accompanying anticholinergic or adrenergic effects. 
Anticholinergic Na + channel blockers like tricyclic antidepressants may 
produce greater degrees of Na' channel blockade, as reflected in QRS 
duration and negative inotropic effect, at faster heart rates. As noted 
previously, the number of Na' channels in the active and inactive states 
per unit time increases at faster heart rates, and offers more binding sites 
to the blocking agent. The relationship between the resting membrane 
potential and the maximum rate of depolarization during phase 0 (V,,,), 
however, also explains worsening Na + blockade at faster rates. 

In Purkinje's fibers and myocardium, V,,, of phase 0 is strongly 
dependent on the membrane potential at the time of excitation (Fig. 4).59 
Purkinje's fibers that have repolarized completely to resting membrane 
potential demonstrate a greater V,,, of phase 0 than fibers that are only 
partially repolarized when excited. This is because partial repolarization 
does not allow recovery of all inactivated Na' channels, thereby decreas- 
ing the number of channels at rest that can become activated. Sodium 
channel antagonists shift the V,,,-membrane potential curve so that for 
any given membrane potential, V,,, is further depressed. 

Tachyrhythmias accompanying Na + channel blockade prevent com- 
plete repolarization of the myocardial cells and Purkinje's fibers back to 
their resting membrane potentials (Fig. 5). When rapid sequences of 
action potentials enter the Purkinje's system and myocardium before 
complete repolarization has occurred (during relative refractory period), 
conducting tissue and muscle possess fewer Na' channels at rest, and 
the decline in inward Na+ currents (depression of V,,,) produces further 
widening of the QRS complex. 

Although anticholinergic effects are not directly responsible for Na + 

channel blockade, physostigmine, a short-acting anticholinesterase, has 
been reported to narrow QRS intervals in patients poisoned with Na' 
channel 73 This is simply because slowing of the heart rate by 
physostigmine allows myocardial cells and Purkinje's fibers more time 
to repolarize, allows more Na' channels to recover, and therefore allows 
for greater Na' influx and a greater V,,, at slower rates. Unfortunately, 
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Figure 4. V,,, (upslope of phase 0 of a non-pacemaker cell) versus resting membrane 
potential. In a normal cell, a decline in resting membrane potential (less negative, closer to 
zero) results in a fall in V,,,. Na+ channel blockers shift this curve so that for any given 
membrane potential, V,,, will be depressed. 

Figure 5. Decline in resting membrane potential with tachycardia. As heart rate increases, 
the next action potential will occur before complete membrane repolarization. This decline 
in baseline or resting membrane potential (less negative, or closer to zero) results in a 
decline in the V,, of phase 0 (Fig. 4). This phenomena is further enhanced in the face of 
Na+ channel blockade, which produces a more severe decline in V,, for a given membrane 
potential (Fig. 4), and explains in part why Na+ channel blockade may worsen and why 
QRS duration may lengthen at faster heart rates. 
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physostigmine, by reversing anticholinergic tachycardia, unmasks Na' 
channel antagonism in pacemaker cells, predisposing to bradyrhythmias, 
heart blocks, and asyst~le.~** 53, 69 These complications appear more likely 
in the face of Na+ channel blockade (e.g., wide QRS) than when using 
physostigmine in patients suffering from pure anticholinergic poisoning 
(e.g., from atropine). 

As a reminder, many Na' channel blockers are not anticholinergic 
or adrenergic and do not produce tachycardia (e.g., propoxyphene, 
propranolol). In these instances, bradycardia commonly accompanies 
QRS widening in the absence of an initial tachycardia. 

OTHER FEATURES OF POISONING BY SODIUM 
CHANNEL BLOCKERS 

Many Na + channel blockers possess anticholinergic properties (see 
Table 1) that produce agitation, coma, and respiratory depression along 
with urinary retention, tachycardia, anhydrosis, and depressed gastroin- 
testinal motility. Propoxyphene-induced coma reverses with large doses 
of naloxone. Coma may be seen following massive doses of Na' channel 
blockers in the absence of anticholinergic or narcotic properties. 

Seizures are not uncommon following overdoses of most Na' chan- 
nel blockers. In some cases (e.g., lidocaine), Na+ channel blockade ap- 
pears directly responsible for proconvulsant activity.l9, 72 With other 
agents (cocaine, tricyclic antidepressants, loxapine and amoxapine, anti- 
histamines), seizures probably result from multiple pharmacologic ef- 
fects of the drugs. Propanolol may cause convulsions in the absence of 
hypoperfusion or hypoglycemia." This may be explained by 
propranolol's high lipophilicity and Na + channel-blocking activity com- 
pared with most beta blockers. 

Cocaine intoxication classically produces adrenergic findings, such 
as hypertension, tachycardia, agitation, and diaphoresis. Animal studies, 
however, reveal that the final cardiovascular collapse and shock seen 
with cocaine toxicity are mainly due to Na' channel blockade and are 
usually accompanied by a widened QRS complex.65 

Hypotension resulting from myocardial depression frequently is 
compounded by vasodilating activity of many Na' channel blockers. 
For example, tricyclic antidepressants, quinidine, and phenothiazines are 
a-adrenergic receptor antagonists. Procainamide appears to vasodilate 
through ganglionic actions. 

Several Na' channel blockers that also block K' efflux, such as 
quinidine, quinine, chloroquine, and disopyramide, cause insulin release 
and hypoglycemia after overdose.10, 74 Beta blockers also may produce 
hypoglycemia by preventing breakdown of glycogen. 
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HYPERTONIC SODIUM BICARBONATE AND Na+ 
CHANNEL BLOCKERS 

Most clinicians recognize that the treatment of choice for intraven- 
tricular conduction defects, ventricular arrhythmias, and hypotension 
refractory to fluids resulting from Na' channel blockade by tricyclic 
antidepressants is hypertonic sodium bicarbonate. Most physicians, 
however, do not realize that alkaline hypertonic sodium solutions were 
shown to be effective for other Na+ channel antagonists first, and that 
animal studies have since demonstrated hypertonic sodium 
bicarbonate's efficacy in reversing Na + channel blockade by additional 
sodium channel blockers over the last several years. These include the 
following: 

antihistamines12, 23 

b~pivacaine~~ 
chloroquine16 
cocaine2 
disopyramide4 
encainidel, 55 

mexiletine4 
procainamide7I 
propoxyphene66 
quinidine3, 71 

tricyclic antidepressants5, 7, 30, 51, 54 

In 1958, Bellet et aP reported widening of the QRS complex in a 
patient suffering from quinidine toxicity. Because the ECG changes 
were similar to those of hyperkalemia, hypertonic sodium lactate (the 
treatment of choice for hyperkalemia at that time) was given with return 
of QRS complexes to normal width and a concomitant rise in blood 
pressure. Using the same rationale, Wasserman et a171 used intravenous 
hypertonic sodium lactate successfully in the treatment of human quini- 
dine and procainamide toxicity. When tricyclic antidepressants were 
introduced, hypertonic sodium lactate and, later, hypertonic sodium 
bicarbonate were used in the treatment of their toxi~ity.~, 7* 30 Since these 
initial reports, hypertonic sodium bicarbonate has been shown in animal 
studies to increase V,,, and narrow the QRS interval, control ventricular 
arrhythmias, or reverse hypotension induced by numerous Na' channel 
antagonists, including cocaine, class IC antiarrhythmics, mexiletine, and 
tricyclic antidepressants. Human case reports also suggest that hyper- 
tonic sodium bicarbonate may be effective for treating Na' channel 
blockade resulting from some antihistamines and propoxyphene. 

Intravenous boluses of hypertonic sodium bicarbonate produce both 

flecainide4, 11, 35.61 
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a rise in serum Na' concentration and pH. Depending on the species 
and drug, the relative role of changes in Na' concentration and pH in 
producing beneficial effects varies. Alkalinization is thought to benefit 
sodium channel blockade because acidosis has been shown to exacerbate 
in vitro quinidine 46 Amitriptyline-induced ventricular tachyar- 
rhythmias in dogs demonstrated a greater response to alkalinization 
than an increase in the extracellular sodium concentration.48 

Increasing the extracellular sodium concentration, however, has 
been shown to reverse quinidine-induced depression of phase 0 in 
toxic atrial fibers.13 In desipramine-poisoned rat hearts, increasing the 
extracellular Na+ concentration was found to be more therapeutic in 
reversing QRS prolongation than alkalinization of blood.51 Elegant stud- 
ies on canine Purkinje's fibers demonstrate that a rise in Na' concentra- 
tion and a rise in pH are additive in reversing depression of V,,, by 
amitriptyline, indicating that both alkalinization and a rise in serum 
Na' concentration are benefi~ial.~~ 

The molecular mechanism by which hypertonic sodium bicarbonate 
reverses Na' channel blockade is unclear. Older studies suggested that 
alkalinization increased protein binding of the Na' channel blocker and, 
thus, decreased the free concentration of the This proposed 
mechanism seems unimportant because hypertonic sodium bicarbonate 
demonstrates therapeutic benefits in amitriptyline-poisoned isolated 
Purkinje's fibers in the absence of protein in the pe r f~sa t e .~~  In addition, 
hypertonic sodium bicarbonate has been reported to be effective in 
reversing Na + channel blockade produced by numerous agents, regard- 
less of their individual protein binding. Importantly, Ranger et a156 
demonstrated that flecainide dissociates from the sodium channel when 
Na' concentrations are raised. This implies that the rise in Na' concen- 
tration changes the affinity of the channel and drug for each other and 
causes the blocking agent to dissociate from the channel. 

The fact that hypertonic sodium bicarbonate has been shown to 
attenuate Na' channel antagonism by numerous agents does not mean 
that it is necessarily effective for all Na' channel blockers. Various Na' 
channel antagonists bind to different sites on the Na' channel, and it is 
not expected that changes in Na+ concentration and pH must always be 
effective. For example, hypertonic sodium bicarbonate has only a modest 
ability to narrow QRS complexes in rats poisoned with chloroquine.16 
We are also unaware of studies examining the ability of hypertonic 
sodium bicarbonate to reverse Na' channel blockade produced by beta 
blockers or phenothiazines. Bou-Abboud and Natte14 recently examined 
the relative roles of alkalosis and Na' ions in reversing Na' channel 
blockade by disopyramide, mexiletine, flecainide, and imipramine. They 
found that combined increases in Na + and bicarbonate concentrations 
reduced the depressant effects of flecainide, imipramine, and mexiletine 
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on V,,, of phase 0, but did not alter the effects of disopyramide. Again, 
depending on the drug, the relative beneficial effects of changes in Na' 
concentration or pH varied for each agent. 

By increasing the serum Na' concentration, hypertonic saline has 
been proposed as a therapeutic agent for Na' channel blocker toxicity. 
Dogs pretreated with 7.5% sodium chloride and then given cardiotoxic 
doses of bupivacaine were protected from conduction disturbances and 
ventricular arrhythmias as compared with other hypertonic solutions." 
In addition, there are human case reports of Na' channel blocker- 
induced QRS widening and hypotension, which corrected with the infu- 
sion of hypertonic saline.21, 29 

GENERAL TREATMENT STRATEGIES FOR 
POISONING BY Na+ CHANNEL ANTAGONISTS 

Miscellaneous Measures 

Severe poisoning by Na + channel blockers frequently produces 
coma, convulsions, and respiratory depression. Securing an airway and 
ensuring adequate ventilation, as always, are first priority. All the spe- 
cific nuances of caring for each Na' channel blocker overdose cannot be 
discussed here because of diverse, additional pharmacologic effects these 
drugs possess. For example, beta blocker-induced hypotension and 
bradycardia frequently respond to glucagon. Coma from propoxyphene 
usually reverses with large doses of naloxone. Status epilepticus may be 
a problem following amoxapine overdose. 

Because of the paucity of randomized controlled trials in human 
beings, we make the following general recommendations based on labo- 
ratory and animal studies, published case reports and series, and our 
experience in treating patients poisoned with these agents. Again, the 
fact that hypertonic sodium bicarbonate has been shown to attenuate 
Na' channel antagonism by numerous agents does not mean that it is 
necessarily effective for all Na' channel blockers. For an individual 
drug, hypertonic sodium bicarbonate's ability to reverse Na + channel 
blockade may depend on the change in serum Na' concentration, the 
rise in pH, or both. In making the following recommendations for 
hypertonic sodium bicarbonate, we do not distinguish as to which 
effect may be more important because the relative contribution of Na' 
concentration and pH may vary even for similar drugs in different 

*l 
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QRS Prolongation 

The administration of hypertonic sodium bicarbonate is believed to 
narrow widened QRS complexes produced by toxic doses of various 
Na' channel antagonists by increasing V,,, of phase 0 in the action 
potential. Most human experience has been obtained in patients poi- 
soned with tricyclic antidepressants. Although it is common practice to 
administer hypertonic sodium bicarbonate when QRS complexes reach 
about 0.12 seconds, there are no controlled studies demonstrating that 
such practice changes outcome if the patient is free from ventricular 
arrhythmias and hypotension. The exact dose of hypertonic sodium 
bicarbonate to use also remains -ill-defined. Most toxicologists give 1 to 
2 mEq/kg boluses of hypertonic sodium bicarbonate until the arterial 
pH is about 7.5. If severe toxicity persists (e.g., hypotension, ventricular 
arrhythmias), then they take the pH to about 7.55, but refrain from 
going higher because of consequences of severe alkalosis.@ A modest 
rise in Na' concentration is expected and desired, and we have not 
encountered dangerous hypernatremia when doses are limited to those 
required to reach these pHs. 

After reaching the desired pH, the patient is begun on a sodium 
bicarbonate drip. Because of negative inotropic effects accompanying 
Na+ channel blocker poisoning, patients have a tremendous tendency to 
retain fluids, and it is common to find the patient in a positive fluid 
balance of several liters by the second hospital day. If much of this 
represents free water, the serum Na+ concentration frequently falls, and 
some of the potential benefit from sodium bicarbonate administration is 
lost. Therefore, we suggest that the sodium bicarbonate drip consists of 
150 mEq sodium bicarbonate in 1-L D,W to run at about 100 to 125 mL/ 
h. Potassium supplementation is usually required. Careful attention is 
given to electrolyte, acid base, and fluid balance, and furosemide is 
judicially administered as needed. 

Hypotension 

Most hypotension responds to careful fluid challenges. Persistent 
hypotension unexplained by arrhythmias most commonly results from 
both myocardial depression and vasodilation. After fluid challenges, 
hypertonic sodium bicarbonate is given as described previously for 
intraventricular conduction delays in an attempt to reverse the negative 
inotropic effect of the toxin. If hypotension still persists, then intravenous 
norepinephrine is usually the drug of choice because it provides both a 
positive inotropic effect and vasoconstriction. In the face of alpha block- 
ade by many Na + channel antagonists (e.g., tricyclic antidepressants, 
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phenothiazines), dopamine may paradoxically lower blood press~re.’~ 
In the patient who requires more than minimal doses of norepinephrine 
or who remains in shock (e.g., oliguria, persistent acidosis), pulmonary 
artery catheterization may be indicated to follow cardiac output, stroke 
index, and systemic vascular resistance as therapy is fine-tuned to ensure 
adequate perfusion. It is possible that epinephrine may work as well as 
norepinephrine, and epinephrine has been shown to improve survival 
in humans poisoned with chl~roquine.~~ 

By virtue of its potent chronotropic and inotropic properties, isopro- 
terenol has been studied in animals as a possible antidote for sodium- 
channel blocker-induced hypotension and bradycardia. Isoproterenol 
reversed the bradycardia and improved myocardial contractile force in 
both dogs and cats poisoned with tricyclic  antidepressant^.^^, Both 
models, however, demonstrated periods of worsening hypotension, forc- 
ing the authors to conclude that isoproterenol’s vasodilating action may 
limit its effectiveness in treating sodium channel blocker-induced hypo- 
tension. 

A desperate and aggressive treatment measure to consider for Na’ 
channel blockade is intra-aortic balloon counterp~lsation.~~~ 40 

Hypotension and bradycardia from beta blocker toxicity are ex- 
pected to be accompanied by an elevated systemic vascular resistance, 
and glucagon is known to be a relatively reliable antidote in this setting. 
Although hypertonic sodium bicarbonate has theoretical benefits, espe- 
cially in the face of a widened QRS complex suggesting Na’ channel 
blockade, it remains unknown if such therapy reverses hypotension and 
bradycardia in animals or human beings poisoned with beta blockers. 
In animals poisoned with propoxyphene, dopamine may be an effective 
vasopressor that may actually decrease myocardial propoxyphene con- 
centration~.~~ 

Ventricular Arrhythmias (Excluding Torsades de 
Pointes) 

In general, the currently recommended first-line treatment for Na’ 
channel blocker-induced ventricular arrhythmias is hypertonic sodium 
bicarbonate, though most experience has resulted from the treatment of 
tricyclic antidepressant p~isoning.~, 12, 23, 30, 45 Sodium bicarbonate should 
be infused following the same recommendations as those for treating 
QRS prolongation. A beneficial effect is usually noted within 1 to 2 
minutes of administration. 

Lidocaine, a type Ib antiarrhythmic, has been recommended for the 
treatment of ventricular arrhythmias refractory to hypertonic sodium 
bi~arbonate.~~ Lidocaine has a minimal effect on phase 0 of the action 
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potential in healthy hearts at therapeutic doses. In dogs, lidocaine halts 
ventricular tachyarrhythmias produced by amitriptyline.48 These effects, 
however, were transient and associated with a significant drop in sys- 
tolic blood pressure. Obviously, it seems unwise to administer lidocaine 
to patients suffering toxicity from mexiletine, tocainide, or toxic doses 
of other local anesthetics. Treatment options for ventricular arrhythmias 
resistant to hypertonic sodium bicarbonate and lidocaine include brety- 
lium and cardiac pacing. Anecdotally, we know of a case in which 
amiodarone successfully halted recurrent, refractory ventricular tachy- 
cardia in a child poisoned with a tricyclic antidepressant. 

Kulig et a138 failed to demonstrate successful treatment of amitripty- 
line-induced arrhythmias in dogs treated with therapeutic doses of phen- 
ytoin (20 mg/kg). Mayron and R u ~ z ~ ~  also failed to demonstrate a 
beneficial effect of phenytoin on ventricular arrhythmias produced by 
amitriptyline in rabbits. A third animal study involving two phenytoin 
doses in a total of only three dogs does not provide meaningful informa- 
tion and suggests that phenytoin therapy may worsen hypotensionP In 
summary, there are little data to support the use of phenytoin for 
ventricular arrhythmias resulting from Na + channel blockade. 

Class IA (e.g., quinidine, procainamide, disopyramide) and class IC 
antiarrhythmics (encainide, flecainide, propafenone) are potent depres- 
sants of phase 0 of the action potential and are only expected to worsen 
myocardial toxicity in the setting of Na' channel blockade. In fact, most 
tricyclic antidepressants and phenothiazines are classified as IA agents. 

Roberts et a158 reported a successful outcome when using a beta 
blocker to treat ventricular arrhythmias produced by perphenazine and 
amitriptyline (no sodium bicarbonate was given). Other authors, how- 
ever, have cautioned that beta blockers may produce detrimental effects 
in such patients.25 It seems unwise to administer a drug that produces 
myocardial depression and bradycardia to a patient at risk for or already 
suffering from these very problems, although slowing of heart rate may 
somewhat lessen the degree of Na' channel blockade in the face of 
significant tachycardia. 

Verapamil has been studied as an antidote for tricyclic antidepres- 
sant toxicity in animals, but produced hypotension.22, 37 As with beta 
blockers, the use of a negative chronotrope and inotrope is generally 
contraindicated in the face of serious Na' channel blockade. 

Bradyarrhyt h m ias 

Although bradyarrhythmias are characteristic of severe Na + channel 
blockade, there are almost no data examining the effectiveness of hyper- 
tonic sodium bicarbonate in this setting. In the face of bradycardia, a 
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wide QRS complex, and severe hypotension, most toxicologists adminis- 
ter isoproterenol or epinephrine if hypertonic sodium bicarbonate does 
not produce an immediate dramatic effect. Again, bradycardia accompa- 
nying beta blocker toxicity frequently responds to glucagon. Transcuta- 
neous or transvenous cardiac pacing seems most logical in the treatment 
of this deadly rhythm refractory to initial drug therapy. 

Supraventricular Tachyarrhythmias 

Sinus tachycardia rarely requires treatment. Although physostig- 
mine slows the heart rate in patients poisoned with anticholinergic Na' 
channel blockers, and such slowing may lessen Na' channel blockade, 
the potential for serious adverse effects prevents recommendations that 
physostigmine be used routinely for this purpose. Of course, physostig- 
mine should never be given in the setting of bradycardia. 

Hypertonic Saline 

Based on anecdotal case reports, hypertonic saline has been recom- 
mended in cases when ventricular arrhythmias, QRS widening, or hypo- 
tension are resistant to hypertonic sodium bicarbonate therapy, and 
significant alkalemia has already been achieved.21, 29 An accepted dose 
of hypertonic saline has not been established; one author recommends 
100 to 200 mmol sodium as a hypertonic solution (in 100 mL) over 10 to 
30 Because laboratory studies demonstrate that a rise in serum 
sodium concentration is of benefit in reversing Na' channel toxicity, the 
use of hypertonic saline to raise the serum sodium concentration care- 
fully a few mEq/L seems reasonable if blood pH has already been 
raised to 7.55 with hypertonic sodium bicarbonate, and if life-threatening 
toxicity persists. 
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