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Summary. Accidental bolus administration of lido- 
caine ranging in dosages from I000 mg to 2000 mg has 
caused death in humans. Because lidocaine clearance 
depends upon hepatic blood flow, drug clearance in a 
hypotensive overdosed patient is poor so that a drug 
overdose is likely to be irreversible. Traditional ap- 
proaches to drug removaI include hemodialysis and 
charcoal hemoperfusion.Neither treatment would be 
effective for lidocaine overdose because the drug is a 
myocardial depressant and because the clearance 
rates of these techniques are •00-200 ml/min. Hepat- 
ic clearance of tidocaine is 1000ml/min in a human 
with normal cardiac output. We have tested a new 
concept for removal of high clearance drugs that are 
associated with myocardial depression. Cardiac by- 
pass support was used in a dog experiment to demon- 
strate that restoration of cardiac output could restore 
high clearance of  lidocaine. Sixteen anesthetized 
dogs were given 30 mg/kg boluses oflidocaine. In one 
group of eight dogs, toxicity was treated with antiar- 
rhythmic drugs, pressor drugs and cardioversion. Six 
out of eight of these animals died within 30min after 
lidocaine infusion. In the second group of eight dogs, 
an extracorporeal bypass pump was used for 90rain 
after the lidocaine injection. None of these assisted 
animals died. Drug clearance in dogs treated with the 
extracorporeal pump was compared to drug clear- 
ance in eight dogs that received non-toxic lidocaine 
doses of 3mg/kg. Drug clearance was 39.75 + 
4.16 ml/kg/min in the overdosed animals compared 

* This work was supported by a grant from Abbott Laboratories 
and by U.S. Public Health Service grants GM07063, NS09100, 
HL20194, and an RCDA HL00782 (CRF) 
** Edi torial 's  R e m a r k s :  According to our editorial rules this jour- 
naI does not accept experimental studies in animals. In the follow- 
ing paper an exception seems to be justified, in so far as the study 
suggests a new approach to the treatment of certain intoxications in 
man. F.G. and H.J.D. 

to 38.29 + 8.6mt/kg/min in the non-toxic animals. 
Thus, drug clearance was normal in dogs treated with 
the extracorporeal pump. These experiments suggest 
that short-term support of the circulation with an ex- 
tracorporeal pump could theoretically be effective in 
reducing patient mortality from acute massive lido- 
caine overdose. 

Key words: lidocaine overdose; lidocaine kinetics, ex- 
tracorporeal pump, hepatic clearance, cardiac output 

Acute tidocaine poisoning secondary to massive over- 
dosage is being recorded with increasing frequency 
[1-3]. The drug has found widespread use for sup- 
pressing ventricular ectopy in the setting of suspected 
or documented myocardial infarction [4-6]. Initial ad- 
ministration is usually by a 1.5mg/kg intravenous 
bolus supplemented by secondary boluses and then 
by a continuous infusion to maintain therapeutic se- 
rum levels of 1.4-6.0Fg/ml [7, 8]. Accidental over- 
doses typically occur at the time of  bolus loading and 
have been reported as high as 2000mg (30mg/kg) 
with catastrophic results [t]. Convulsions, refractor3, 
arrhythmias, and cardiovascular collapse are com- 
mon terminal events. Hemodialysis and charcoal 
hemoperfusion are the conventional techniques for 
removing toxins from blood. Either of these treat- 
ments is unsuitable for a lidocaine overdose for two 
reasons. First, cardiac output is low making both 
procedures difficult to perform. Second, the maximal 
clearances of these techniques is 100-200ml/min. 
When cardiac output is normal, the liver can metabo- 
lize lidocaine with a clearance of 900-1000ml/min. 
We propose a new concept for treating overdoses of 
high clearance drugs that depress myocardial func- 
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Oxygenator 
Fig. 1. Schematic diagram of extracorporeal pump bypass circuit. 
@ From Jugular Vein. (~) From Femoral Vein. (~) To Carotid Ar- 
tery 

tion. Extracorporeal cardiac bypass support may be a 
technique for not only maintaining critical perfusion 
but also restoring normal hepatic blood flow to per- 
mit rapid drug clearance. 

Case Report 

A 58 year old female was admitted to the coronary 
care unit of a community hospital with a four day his- 
tory of progressively severe chest pain that was retro- 
sternal in location and was relieved by oral nitrates. 
The patient also had symptoms and physical findings 
consistent with congestive heart failure. Relevant past 
medical history included a provious myocardial in- 
farction. Electrocardiogram on admission revealed 
normal sinus rhythm, rate 72, axis - 60 °, PR = 0.13 s. 
QRS = 0.08 s with evidence of old inferior wall in- 
farction and anterolateral infarction of undetermined 
age. No ectopy was noted at the time of admission. At 
midnight while in the intensive care unit, the patient 
was noted :to have 8-10 ventricular premature beats 
per rain and 50 mg of lidocaine was ordered for bolus 
administration. Instead of 50mg, 50ml of 4% lido- 
caine was drawn (2000mg), and initially, 800mg was 
administered. Shortly thereafter the patient appeared 
to be gasping for breath and was asystolic by ECG. 
Cardiopulmonary resuscitation was initiated imme- 
diately. Following 30 rain of intensive resuscitative ef- 
fort, the patient was noted to be transiently in a nor- 
mal sinus rhythm which deteriorated to ventricular ta- 
chycardia. At this time the remaining 1200mg oflido- 
caine was administered. It was only after this second 
bolus that the initial dosage error was realized. At this 
point the cardiac rhythm was atfioventricular brady- 

cardia. A pacemaker was inserted and appeared to be 
capturing, but no blood pressure could be obtained. 
After 2.5 h of resuscitation, the patient was without 
spontaneous respiration or blood pressure, had fixed 
and dilated pupils, and ECG showed infrequent ven- 
trricular complexes. Shortly thereafter the patient was 
pronounced dead. 

As demonstrated by this case, the treatment of 
massive acute lidocaine overdosage is unsatisfactory. 
Barbiturates, benzodiazepines, and ventilatory sup- 
port have been recommended for seizures and respi- 
ratory arrest caused by lidocaine [9, 10] but accompa- 
nying shock and pump failure have been refractory to 
therapy in clinical cases. 

Proposal 

Lidocaine; 2-diethylamino-2', 6'-acetoxylidide; is 
rapidly metabolized in the liver by a microsomal oxi- 
dation system. Less than 10% is excreted unchanged 
in the urine [4]. Lidocaine clearance is directly related 
to liver blood flow so that with normal hepatic perfu- 
sion, lidocaine has a relatively short half-live of ap- 
proximately 90 rain in man. In diseases such as con- 
gestive heart failure there is a dramatic reduction in 
hepatic blood flow and a profound fall in tidocaine 
clearance [t 1, 12]. 

Death from lidocaine overdose might be avoided 
if the circulation could be mechanically supported for 
a few hours to maintain fiver blood flow at near nor- 
mal levels in order to sustain high lidocaine clearance. 
Using this reasoning, we have studied the value of 
temporary venoarterial pump bypass for preventing 
death from acute lidocaine overdose. 

Methods 

Twenty-four mongrel dogs weighing an average of 
25kg were anesthetized with morphine sulfate 
1-2mg/kg and pentobarbital 25 mg/kg. At no time 
was spontaneous respiration absent during induction 
of anesthesia. Pulmonary arterial pressure was moni- 
tored via a Clarke triple lumen (Swan-Ganz) central 
venous catheter and systemic arterial pressure was 
measured by a femoral artery catheter. Both catheters 
led to separately calibrated Clarke physiologic pres- 
sure transducers coupled to an Electronics for Medi- 
cine Simultrace VR-6 amplifier/recorder. Cardiac 
output was established by thermal dilution using a 
Lyons DT CCO-07 cardiac output calculator. The 
electrocardiogram was monitored throughout the 
experiment. Arterial blood gases were determined 
every 30 min. Arterial blood for lidocaine concentra- 
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Fig, 2. Lidocaine induced cardiovascular collapse in an overdosed animal. The electrocardiogram shows that the heart rate does not increase 
during cardiovascular collapse 

tion was drawn initially at 2 min after dosing and sub- 
sequently every 15 rain. Lidocaine was assayed using 
a Perkin-Elmer 3920 gas chromatograph with a ni- 
trogen-phosphorous detector utilizing a method pre- 
viously described [13]. One ml of plasma was adjusted 
to pH 8.3 with borate buffer to which chloroform was 
added for extraction. After centrifugation and eva- 
poration, the residue was reconstituted in toluene, 
100ptl of which was injected into a 3% OV-1 (Sigma) 
column at 200 ° C. Internal standard used was 6'-chlo- 
ro-cc-methyt-l-pyrrolidineaceto-o-toluidide hydro- 
chloride (Aldrich Rare Chemicals # $39818-7). This 
lidocaine assay is linear over the range of 
0.2-100~Lg/ml lidocaine with a coefficient of varia- 
tion of 8% at 4ttg/mL Respiratory support was pro- 
vided if necessary by an Emerson ventilator. Meta- 
bolic acidosis was treated with sodium bicarbonate 
infusion. Norepinephrine bitartrate, 1,6 p~g/ml in nor- 
maI saline, was used in an effort to maintain blood 
pressure above 85Torr. Isoproterenol, 0.4~tg/ml in 
normal saline, was tried if norepinephrine was inef- 
fective. Ventricular tachycardia or fibrillation was 
managed with electroshock. Attempts were made to 
reverse asystole by calcium chloride, epinephrine and 
isoproterenol. Third degree atrioventricular block 
was treated with atropine and isoproterenol and sinus 
bradycardia was treated with atropine. 

Group A consisted of eight dogs given 30 mg/kg 
lidocaine intravenously over 20s. Hypotension and 
ensuing arrhythmias (if any) were treated with the 
therapeutic regimen outlined above. 

Group B consisted of eight dogs also given 
30mg/kg lidocaine intravenously over 20 seconds. 
However, these dogs were provided with a standby 
extracorporeal veno-arterial circuit (Fig. 1). The by- 
pass apparatus provided shunting of blood from the 

left femoral and jugular veins to a Schiley type 1045-A 
bubble oxygenator, then to a calibrated occlusive roll- 
er pump with blood return to a cannulated left carotid 
artery. The entire circuit was primed with physiologic 
saline and kept on a standby basis. After the lidocaine 
infusion, the pump was turned on only if the dog had 
at least 5 rain of hypotension (less than 30Torr) which 
was unresponsive to intravenous norepinephrine. 
The extracorporeal circuit and intravenous norepine- 
phrine were then used to support the circulation for 
90 rain. At that time, the animals were cardioverted if 
necessary and weaned from the pump support. 

Group C consisted of eight dogs anesthetized in 
the same way as Groups A and B but administered 
only 3 mg/kg lidocaine by intravenous bolus. This 
group was used to determine kinetic data for anesthe- 
tized dogs receiving non-toxic doses of lidocaine. 

Lidocaine clearance was determined for each ani- 
mal in Groups B and C by measuring area under the 
plasma concentration-time curves for times 0-90min. 
Lidocaine half-life was determined for each of these 
animals using the elimination phase of the plasma de- 
cay curve. Lidocaine plasma levels from I5 to 90rain 
were used for comparative values since these data 
points were beyond the distribution phase and in- 
cluded the times on the extracorporeal pump. Data 
were fit by the method of least squares to a one com- 
partment first order model. Volume of distribution 
was calculated for individual animals using clear- 
ance, the elimination rate constant, and the equation 

C1 = k~Vd where 1~ = 0.69__3 

Individual volumes of distribution were then aver- 
aged to provide group mean data. Comparisons be- 
tween group data were accomplished using an un- 
paired Student's t-test. 
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T a b l e  1, Cardiopulmonary response to lidocaine overdose 

Group A Group B 
Overdose Overdose 
30 mg/kg 30 mg/kg 
drug support extra- 

corporeal 
pump 

Cardiovascular 
Supraventricular tachycardia 1/8 0/8 
Cardiovascular collapse 8/8 8/8 
Ventricular tachycardia 1/8 0/8 
Ventricular fibrillation 2/8 2/8 
Asystole 6/8  2/8 

Pulmonary 
Respiratory arrest 8/8 8/8 

Survival at 120min 2/8* 8/8* 

* Fischer's Exact Test p = 0.0035 

T a b l e  2. Cardiovascular responses to lidocaine overdose 

Mean arterial pressure (Torr) 

Group A* Group B Group C 

Control 
2min 

15min 
30rain 
45 rain 
60min 
75 min 
90rain 

105rain 
120min 

t07 + 3.45 96.25 ± 6.39 101.2 __+ 7.93 
3.9 -4- 1,90 5.0 ± 2.50 103.0 ± 6.04 
3.5 + 1.00 90,0 +__ 6.40 102.0 +- 7,52 

85.0 95.0 + 8.70 100.0 __+ 6.94 
86.5 91.0 __+ 4AO 101.0 ± 7.35 
82.5 87.0 ± 4.70 103.0--- 5,03 
82,0 100.5 ± 5.60 106.0 ± 8.43 
87.5 98.8 ± 5.70 109.6 ± 6.76 
90.0 91.0 ± 1t.27 110.8 ± 8,22 
93,5 94.6 __+ 6.54 111,0 + 8.86 

Central venous pressure (Torr) 

Group A* Group B Group C 

Control 7.0 + 2,0 6.93 2:2,44 5.50 4-- 0.50 
2min 17,1 ___ 0,69 8.93 ± 2,24 5.50 4-- 0,50 

15 min 17,64 + 3,50 7.39 ± 1,42 6,83 +- 3.36 
30min 19.0 7.67 ± 0,77 6.67 ± 3.22 
45min 18,0 8,57 ± 1,26 6.75 -4- 3,68 
60min t7,0 9.25 ± 2,45 6,88 +_ 3,71 
75min 12.0 7.5 ± 1,99 6.67 +-- 4.04 
90min 17,0 8.83 ± 2.56 7.50 + 3.91 

t05min 17.0 13.25 +_ 4.01 7.t7 --- 3,77 
120min 18.0 12.64 _+ 3.33 7.42 + 3.91 

Cardiac output (l/min) 

Group A* Group B Group C 

Control 2.76 + 0.31 3.05 + 0.47 3.55 -+ 0.4 
30min 2.0 extracorporeal 

pumping 4.46 __+ 0.3 
60min 2.2 e~racorporeal 

pumping 3.55 -4- 0A 
90min 3.0 2.79 4- 0.30 3.46 4-- 0.1 

120min 2.7 3.43 ± 0.70 3.50 ± 0.3 

* In Group A, only 2 dogs remained alive after 30min 
In Group B and C, n = 8, 

T a b l e  3. Serum pH 

Group A a Group B b 

Control 7.50 _+ 0,06 7.44 + 0.06 
30min 7.23 _ 0.13 7.33 ___ 0.09 
60rain 7.42 7.26 +_ 0,08 
90rain 7,30 7.30 ± 0.1t 

t20min 7,42 7,30 +_+_ 0,12 

n ~ 8 for control and 30min, but n = 2 thereafter 
b n = 8, all time points 
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Fig,3. gidocaine blood levels following a 30 mg/kg infusion at time 
0 in Group A animals, Animals in this group were treated only with 
respiratory and drug support, By 30rain 6/8 dogs had died despite 
resuscitative efforts 

Results 

All animals in Groups A and B had respiratory arrest 
within 30s of injection of lidocaine. Within 2min, 
these animals experienced cardiovascular collapse 
with hypotension to less than 10 Torr. Interestingly, 
no animal had a significant reflex taehycardia. This is 
demonstrated by a sample recording seen in Fig. 2. A 
summary of cardiopulmonary effects of  a lidocaine 
overdose for the two groups is shown in Table I. 
Comparison of mean arterial pressure, central venous 
pressure, and cardiac output between Groups A, B 
and C are shown in Table 2 and serum pH values are 
given in Table 3. In group A animal.s receiving an 
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Fig.5. Lidocaine blood levels following administration of a low 
dose infusion (3mg/kg) in eight dogs. Values represent mean _+ 
SEM 

overdose of lidocaine with only conservative drug 
therapy, serial levels were determined as long as ani- 
mals survived, or until termination of the experiment 
at 135 min. Only two of eight animals survived longer 
than 30min. These data are shown in Fig.3. 

Table 4. Kinetics of lidocaine elimination 

Lidocaine Clearance Volume of Half-life 
dose [ml/kg/min] distribution [mini 

ll/kg] 

Group B 30mg/kg 39.75 _+ 4.16 3.13 _+ 0.58 54.0 _+ 8.4 a 
Group C 3 mg/kg 38.29 _+ 8.6 2.33 _+ 0.49 34.3 + 4.2 a 

Figures represent group mean averages _+ SEM 
~' p < 0.05 different by unpaired t-test 

In Group B, all eight animals experienced hypo- 
tension within 1 min of lidocaine infusion and blood 
pressure was unresponsive to norepinephrine infused 
for 5 min (remained less than 30 Torr). At that time, 
the standby extracorporeal pump was turned on and 
animals were supported for 90rain. On the pump, 
blood pressure was stabilized as seen in Table 2. As 
shown in Table 1, arrhythmias occurred in this group 
of animals with the same frequency as in Group A an- 
imals despite the fact that blood pressure was being 
maintained with the extracorporeal pump. The ani- 
mals developed electrocardiographic asystole within 
10rain of lidocaine administration, but both spon- 
taneously reverted to sinus rhythm within 30rain. 
Three animals stayed in normal sinus rhythm for the 
duration of the experiment. Two animals were in ven- 
tricular fibrillation while on the extracorporeat pump 
and were converted to normal sinus rhythm by electri- 
cal countershock after 90 rain of circulatory support. 
Despite the fact that these animals had at least 60rain 
of ventricular fibrillation during cardiopulmonary 
support and were then cardioverted, lidocaine clear- 
ance in these two animals was well maintained at 
53.3ml/kg/min and 33.3ml/kg/min. All eight ani- 
mals survived the experiment and none showed elec- 
trocardiographic evidence of ischemia. Statistical 
comparison by Fisher's exact test showed that the ex- 
tracorporeal pump led to a highly significantly im- 
provement in survival from lidocaine overdose (p = 
0.0035). The rate of fall of lidocaine blood levels in 
overdosed animals treated with the extracorporeal 
pump is plotted in Fig. 4 and lidocaine half-life, clear- 
ance and volume of distribution appear in Table 4. 

Group C animals treated with low doses of lido- 
caine experienced no cardiovascular or respiratory 
compromise. Lidocaine blood levels are shown in 
Fig. 5. Kinetic data comparing the low dose lidocaine 
Group C animals with the overdosed extracorporeal- 
ly pumped Group B animals is shown in Table 4. No 
statistical differences between volume of distribution 
and clearance were seen using unpaired Student's 
t-test. Lidocaine half-life was prolonged, however, 
in overdosed animals on the extracorporeal pump 
(p < 0.05). 
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Disc~smn 

Deaths from lidocaine overdose in humans result 
from cardiovascular collapse and arrhythmias. Com- 
pounding this problem is a reduction in hepatic per- 
fusion and drug clearance which leads to irreversible 
drug intoxication. Our results demonstrate that car- 
diac bypass can not only restore tissue perfusion but 
can lead to normal distribution and clearance of lido- 
caine. 

Both human and animal data have shown de- 
creased inotropism, increased atrioventricular block, 
and decreased spontaneous ventricular pacemaker 
rates after high doses of lidocaine [10, 14, 15-17, 18]. 
Previous dog data have shown that rapid intravenous 
administration of lidocaine in excess of 5 mg/kg is as- 
sociated with a decrease in myocardial contractile 
force [17]. 

Our study demonstrates that dogs overdosed with 
30mg/kg of lidocaine and treated with conventional 
drug therapy and cardioversion had a high mortality 
rate (75%). By contrast, dogs which received over- 
doses of lidocaine but which were then supported 
with extracorporeal pump assistance for 90rain sur- 
vived. 

Dogs overdosed with lidocaine but supported by 
the extracorporeal pump had clearance rates of lido- 
caine equal to those seen in the animals receiving low, 
conventional coses of the drug. Even animals in ven- 
tricular fibrillation while on the extracorporeal pump 
showed good lidocaine clearance. Half-life is pro- 
longed in the overdosed animals, possibly because of 
an increase in volume of distribution produced by the 
extracorporeal circulation apparatus. 

The rapid bolus injection technique used in these 
experiments led to very high distribution phase levels 
oflidocaine (50-100 gg/ml) that were associated with 
respiratory arrest and hypotension. Since bolus load- 
ing is a common technique for lidocaine administra- 
tion and has been one of the ways accidental over- 
doses have occurred, we felt justified in using this 
method. As shown in Fig.3, 6/8 animals overdosed 
with lidocaine but not supported by the extracorpo- 
real pump were unable to distribute the drug and had 
persistent high lidocaine levels. Since most of these 
dogs were severely hypotensive and agonal during the 
30rain of drug level monitoring it is reasonable to as- 
sume that the high central compartment lidocaine 
concentration produced hypotension and a fall in 
cardiac output that prevented good tissue perfusion 
and dispersal of drug to the full volume of distribu- 
tion. Dogs on the extracorporeal pump rapidly distri- 
buted lidocaine and, as shown in Fig.4 and 5, com- 
pleted the distribution phase in the same time as low 
dose control dogs. An important value of the pump is 

likely to have been to aid in removal of drug from the 
central compartment to the full volume of distribu- 
tion and a consequent reduction of plasma concentra- 
tion from 50-100 txg/ml to 10-20 ~tg/ml. 

Further evidence to show the importance of high 
distribution phase concentrations of lidocaine comes 
from the study of Branch et al. [19] in which a slow in- 
fusion of 30mg/kg of lidocaine did not cause hypo- 
tension. From data presented in that manuscript, we 
can compute the clearance for both 30mg/kg and 
20 mg/kg lidocaine doses to be about 35 ml/kg/min. 
These values are similar to those found by us for low 
dose and high dose lidocaine. Furthermore, in their 
study, when the 30 mg/kg dose was given rapidly, ani- 
mals died (personal communication, R. Branch 1980). 
The primary kinetic benefit of the extracorporeal 
pump may well be to aid in the distribution of a 
cardiotoxic bolus dose of lidocaine. 

In clinical case reports of fatal overdose with bol- 
us injections of lidocaine, death has occurred despite 
immediate and prolonged cardiopulmonary resusci- 
tation. While blood levels of drug have not been deter- 
mined during these episodes, it may be that cardio- 
pulmonary resuscitation is inadequate to distribute 
lidocaine to its full volume of distribution. While we 
have demonstrated in dogs that 90 rain of cardiopul- 
monary pump support can prevent mortality from 
lidocaine overdose, it is possible that a shorter period 
of extracorporeal pump treatment might be effective 
at reducing mortality by distributing the drug out of 
the central compartment to the full volume of distri- 
bution. 

The extracorporeal pump served two purposes in 
these experiments. First, it sustained blood pressure 
during a period of profound hypotension. Just as im- 
portant, it normalized the kinetics of lidocaine by dis- 
tributing the drug to the full volume of distribution 
and by restoring hepatic drug clearance. In conven- 
tional treatment of hypotension using pressor agents 
such as norepinephrine, hepatic blood flow and lido- 
caine clearance are actually reduced by the therapy 
[20, 21]. In our experiments we made no effort to give 
open or closed chest massage to any animal; it is pos- 
sible that such support might have salvaged some ani- 
mals. 

We believe that the use of extracorporeal bypass 
to reverse drug toxicity is a novel concept. Other drug 
elimination techniques such as charcoal hemoperfu- 
sion or hemodialysis are not applicable or appropri- 
ate to this situation. Neither will help the hypotension 
associated with lidocaine toxicity and the effective- 
ness of both will be compromised by low cardiac out- 
put. Another basic problem with these methods is 
their relatively inefficient clearance rates of 100- 
200ml/min. Lidocaine clearance in man approxi- 
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mates liver blood flow which is 750-1500ml/min. 
Our animal results indicate that the extracorporeal 
pump can restore this high clearance rate. 

Extending these dog studies to human therapy 
will pose a number of technical problems. Certainly 
in the human overdose situation, closed chest mas- 
sage would have to be performed while extracorpo- 
real pump preparations are underway. While techni- 
cal difficulties would be considerable, the extracorpo- 
real pump may offer the only hope for reversing the 
cardiovascular collapse from massive lidocaine over- 
dose. 
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