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others'5 have found a high incidence of circulating antibodies
to cows' milk, protein, and gluten in patients with aphthous
ulcers. Many of these patients, however, did not have recurrent
aphthous ulceration according to the criteria we used.6

If those patients with a flat mucosa, with their dramatic
clinical response to gluten withdrawal, are accepted as having
coeliac disease,' 6 then there are probably many people with
undiagnosed coeliac disease. Our results also indicate the im-
portance of performing jejunal biopsies in patients referred to
general medical or dental outpatient departments with recurrent
aphthous ulceration.
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Logical approach to lignocaine therapy
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Summary

Plasma lignocaine concentrations were measured during
and after lignocaine infusions administered for sup-
pressing ventricular dysrhythmias. Twenty-four patients
with a primary diagnosis of acute myocardial infarction
without gross circulatory disturbance received, after a
bolus of lignocaine, either 4 mg/min for 30 minutes,
2 mg/min for two hours, then 1 mg/min thereafter or
1 mg/min throughout. The higher dose regimen pro-
duced continuous therapeutic levels of lignocaine, which
were achieved only after four hours by the lower dose.
On the other hand, in patients who had undergone
cardiac surgery and who had circulatory and hepatic
dysfunction the lower dose regimen achieved thera-
peutic levels early. The plasma half life was longer in the
surgical group (P <0 02). The higher initial infusion rate
is recommended for patients with acute myocardial
infarction without gross circulatory impairment.

Introduction

Lignocaine has been widely used since the 1950s to control
ventricular dysrhythmias associated with myocardial infarction
and cardiac surgery,' yet its value remains controversial.2 In
some studies it has not suppressed ventricular extrasystoles,3-6
whereas in others ventricular extrasystoles may have been
inhibited but ventricular fibrillation and mortality have not
been reduced.7 More recent studies have, however, shown a
reduction in mortality and the incidence of ventricular fibrilla-
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tion in association with prophylactic lignocaine administra-
tion.' 0-12
One explanation of these inconsistent results is that the various

rates of lignocaine administration did not maintain plasma con-
centrations within the therapeutic range. The most widely
advocated regimen is an intravenous bolus of lignocaine of
1-2 mg/kg followed, if necessary, by an infusion at a steady rate
of 1-4 mg/min." 13-15 A constant rate of infusion of a basic,
lipid-soluble drug such as lignocaine, which is concentrated in
tissues,'6 will produce a slow rise in plasma concentration and a
plateau only after several hours.'7 A high-dose constant infusion
rate may therefore achieve early therapeutic levels but eventu-
ally lead to toxicity, whereas low infusion rates may take many
hours to produce therapeutic levels. We devised a regimen that
we hoped would quickly give an adequate plasma concentration
while not eventually leading to toxicity. This regimen-a high
initial dose declining in steps-is the opposite of current con-
stant infusion regimens which need increasing when a thera-
peutic effect is not achieved. We compared the resulting plasma
concentrations with those produced by a standard 1 mg/min
regimen. We also measured the plasma disappearance of ligno-
caine after the end of the infusion in patients with varying
cardiac and hepatic function.

Patients and methods

Plasma lignocaine concentrations were measured in 36 patients who
were admitted to the intensive therapy unit with presumed acute
myocardial infarction (AMI) or after cardiothoracic surgery and who
were given lignocaine by infusion for control of ventricular dysrhyth-
mias. All patients received an initial bolus of 75-100 mg intravenously
followed within a few minutes by an infusion into an internal jugular
vein using a constant rate infusion pump. The electrocardiogram was
monitored continuously with an oscilloscope.

Comparison of lignocaine infusions in myocardial infarction-Twenty-
four patients with a presumptive diagnosis of AMI and with no
clinical evidence of gross cardiac failure, reduced cardiac output (as
judged by blood pressure, pulse volume, peripheral perfusion, urine
output, etc), or impaired liver function were randomly allocated to
one of two treatment groups. Group A received 4 mg/min for 30 min,
2 mg/min for two hours, then 1 mg/min thereafter (the 4-2-1 regi-
men). Group B received 1 mg/min throughout. Infusions were con-
tinued for as long as was indicated clinically. If a further bolus
injection of lignocaine was required because of dysrhythmias sampling
was discontinued.

Venous blood samples were taken for lignocaine estimation imme-
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TABLE I-Clinical details and lignocaine elimination data ofgroup C (patients who had undergone cardiothoracic surgery)

Case No Age and sex Clinical details
Duration of Total dose
infusion

(h) (mg)

Lignocaine kinetics
Serum

bilirubin Css t! VD
(.umol/l) (,umol/l) (hi) (1)

1 30 F M and TVR, LO, I/A 6 435 185 16 2 -
2 43 M ASD, I/A 40-5 2490 116 94 4-11 161
3 57 M MVR, LO, I/A 9 615 75 12-0 2-67 80-2
4 56 M AVR, LO, I/A 38-5 2385 50 19 6 3 30 62-4
5 58 M CAG, LO, I/A 48 2980 68
6* 44 M MVR JLO, I/A 72 4440 72 21-8 5-76 986* 44 M MVR 48 3000 205 9 8 2 73 101
7 42 F MVR, I/A 9-75 900 34 9 8 5 08 192
8 63 M Pericardectomy 14 25 1170 86 20 1 12 4 228
9 60 M AVR 10 915 34 16 2 3 04 70 0
10 45 F M and AVR, LO, I/A 14 1015 75 20-1 12-8 238
lit 24 M RTA 45-3 2460 27 19-2 1 60 30 5
12 42 M AVR 43 2820 33 9 4 1 47 56-8

*Received 2 lignocaine infusions. tRuptured thoracic aorta repaired under induced hypothermia.
M, T, and AVR =Mitral, tricuspid, aortic, valve replacement. ASD =Atrial septal defect. CAG = Coronary artery vein bypass graft. LO =Clinically low cardiac output.

I/A -- Received isoprenaline and/or adrenaline infusion.
Conversion: SI to traditionial inits-Bilirubin: 1 ,imol/1 006 mg/100 ml. Lignocaine: 1 ,umol/1 0 23 jig/ml.

diately before and 0 5, 1, 2, 3, 4, 6, and 8 hours after the start of
infusion and immediately before and 1, 3, and sometimes 5 hours
after the end of infusion. Samples were heparinised and the plasma
separated and stored at 40 pending analysis.

Studies in patients after cardiothoracic surgery-In five patients
(cases 1-5, see table I) who received a bolus and a 1 mg/min infusion
plasma concentrations of lignocaine were measured as in the first
study. In three of these and in a further seven patients who had
received infusions at various rates for nine hours or more plasma
lignocaine concentrations were measured at the end of infusion and
1, 3, and sometimes 5 hours afterwards to follow lignocaine elimina-
tion. In one case (case 6) two lignocaine infusions were given separated
by five days. All patients in this group (group C) had had cardio-
pulmonary bypass except one (case) 8.
Plasma lignocaine was estimated by gas chromatography using the

method of Reynolds and Beckett."8
Lignocaine elimination data were calculated by linear regression

analysis of log concentration against time for all patients from whom
samples were taken at the end of infusion and twice or three times
thereafter. Plasma half life was derived from the apparent elimination
constant (r)19 and the apparent volume distribution (VD) from the
equation VD =dose rate/(3 x Css), where Css was the assumed steady
state concentration measured at the end of infusion. Where appro-
priate results were expressed as mean + SE and the difference between
groups analysed using Student's t test.

Results

COMPARISON OF LIGNOCAINE REGIMENS

Groups A and B each comprised 12 men, and the mean age in each
group was 56 years (range 38-69). Twenty-one had AMI, two
ischaemic heart disease without recent infarction, and one a sub-
arachroid haemorrhage. The lignocaine infusion abolished dys-
rhythmias in all patients in group A and in all but four in group B. In
the four patients in group B dysrhythmias persisted and the study
was abandoned at lignocaine plasma concentrations between 2-82 and
4.95 tsmol/l (0 66 and 1 16 ,tg/ml). In one patient in group A although
dysrhythmias were suppressed for the first three hours of infusion the
lignocaine levels declined and multiple ventricular ectopics then
recurred at a concentration of 5 68 smol/l (1 33 tsg/ml). The remain-
ing patients received infusions lasting 8-48 hours (mean 25 hours)
with no significant difference between the duration in the two groups.
In these patients the total dose of lignocaine was 1852 ± 206 mg in
group A and 1499 ±309 mg in group B. There was no evidence of
lignocaine toxicity in either group.

Fig 1 shows the mean plasma lignocaine concentrations in groups
A and B. The difference between groups A and B was highly significant
at 0 5, 1, 2 (P<0 001), and 3 (P<0 01) hours. From 6 hours onwards
there was no difference between the two groups. In the 19 patients in
groups A and B in whom the infusion was continued for eight or more

hours the lignocaine concentration rose between 8 hours and the end
of infusion by 2-86±1-02 timol/l (067 ±024.Lg/ml) (paired t test
P< 002). There was no difference between groups A and B in this
respect. There was a positive correlation between this rise and the
duration of infusion (r = +0 56).
The mean serum bilirubin concentration in groups A and B was

15-6±1-4 ,umol/l (0-91 ±008 mg/100 ml).
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FIG 1-Mean (+ SE) plasma lignocajne concentrations in groups 1 (-o-)
and 2 (---o---). Both groups received an initial bolus, then group 1 the 4-2-1
regimen and group 2 1 mg/min. Numbers of patients sampled are shown.

Conversion: SI to traditional units-Lignocaine: 1 jLmol/lz 0-23 ,g/ml.

ASSESSMENT OF 1 MG/MIN REGIMEN IN DIFFERENT PATIENTS

Fig 2 compares the mean plasma concentrations in group C
(cases 1-5) with those in group B-patients without gross circulatory
disturbance. Lignocaine concentrations were significantly higher in
group C 0-5 (P<0 01) 1 (P<0-02) and 2 (P<0-01) hours after the
start of infusion but did not reach a plateau for three hours; in no case
was additional antiarrhythmic therapy required.
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FIG 2-Mean (+ SE) plasma lignocaine concentrations after bolus and during
infusion of 1 mg/min in patients in group 2 with minimal circulatory dis-
turbance and normal hepatic function (---o---) and in cardiothoracic surgical
patients in group 3 with overt circulatory disturbance and hepatic dysfunc-
tion (-o-). Numbers of patients sampled are shown.

LIGNOCAINE KINETICS

Individual results for patients in group C are given in table I and
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mean data are presented in table II. For this purpose groups A and B
have been combined and compared with group C. The mean total dose
did not differ significantly between the groups and by the end of
infusion the rate of administration had been 1 mg/min in all patients
for 5 75-72 hours (mean 25 hours). In group C the lignocaine concen-
tration at the end of infusion (Css) was significantly higher and the
plasma half life longer than in groups A and B. The apparent volume
distribution, however, varied widely between individuals, with no
significant difference between the groups.
The coefficient of correlation (r) of log concentration against time

was between -0 94 and -09999 in all patients. Elimination there-
fore resembled a first order process over the period we studied
(3-5 hours) once tissue distribution approached equilibrium.

TABLE iI-Mean (+ SE) lignocaine elimination data for groups 1 and 2 and
group 3

Css (urmol I) P, (h) VD (1)

Groups 1 and 2 10 0 0 85 2 42 t 0.19 104 13 4
(n='19) (n= 17) (n-17)

Group 3 15-3 j 1-40 5 0 1-20 120 21-9
(n= 12) (n= I1) (n= 11)

P <0 01 <0-02 NS

Discussion

The risk of primary ventricular fibrillation, with or without
preceding ventricular ectopic activity, is greatest during the
first few hours after the onset of acute myocardial infarc-
tion.4 20 21 The effectiveness of lignocaine treatment can be
judged in this context only if therapeutic plasma levels are
reached as soon as possible and maintained without risk of
toxicity. A therapeutic range of 51-25-6 iamol/l (1 2-6 ,ug/ml)
in whole blood has been suggested.22 As 70", of the lignocaine
in whole blood is in the plasma,23 given a packed cell volume of
45 0, the equivalent range in plasma would be 6 4-32 0 ,mol/I
(1-5-7 5 jig/ml). This lower limit appears to be corroborated by
our findings, but signs of lignocaine toxicity have been observed
below the suggested upper limit.'4 15 24 25 A safe upper limit
probably lies between 17 and 21 ltmol/l (4 and 5 /Lg/ml).

Pharmacokinetic principles have been applied' 7 19 in attempts
to overcome the difficulties of rapidly achieving and maintaining
desired plasma concentrations of drugs with multicompartment
distributions. Theoretically, exponential infusion regimens are
ideal, but they are difficult to manage in clinical practice. The
regimen we devised, with high initial infusion rates, does
approximate to pharmacokinetic requirements, yields the
desired levels, and is simple to administer. With this dose in
group A the mean plasma lignocaine concentration was at all
times within the therapeutic range. In group B, in contrast,
therapeutic levels were not reached until four hours after the
start of an infusion of 1 mg/min. In both groups A and B,
however, true steady state concentrations had not been reached
by eight hours in all cases. Possibly, prolonged infusion of even
1 mg/min might eventually produce toxicity. The findings in
group C suggest that, in the presence of cardiac and hepatic
dysfunction, 1 mg/min may be adequate, but individual plasma
concentrations at the end of infusion (table I) indicate that
prolonged infusion is more likely to lead to toxicity.
We attempted to study plasma concentrations in patients with

low cardiac output after myocardial infarction, but only one such
patient (not included) was available for measurement. In this
patient, who died after four hours of an infusion of 1 mg/min,
plasma lignocaine concentration rose steadily from 15 4 to
24-8 tmol/l (3-6 to 5-8 1tg/ml). No other patient died while in
this study.

The different dosage requirements in AMI (with normal
cardiac output) and after cardiothoracic surgery are confirmed
by the elimination data. Though group C patients had high
serum bilirubin levels (table I), there was no direct correlation
between half life and serum bilirubin. The apparent volume
distribution, estimated after prolonged infusion and approaching
steady state, varied widely among all individuals, with no sig-
nificant difference between groups. These results are in apparent
contrast to those of other workers, who showed a reduced
volume distribution but unaltered plasma half life after boli and
two-hour infusions in the presence of cardiac failure.26 27 Such
discrepancies probably reflect the lack of equilibrium conditions
in which these measurements were made. They also found steady
state lignocaine concentrations to be unaltered in cardiac
failure. We considered a clinical assessment of cardiac output
rather than cardiac failure to be valuable in predicting ligno-
caine dose requirements since it is more likely to reflect hepatic
blood flow. The elimination of lignocaine, a drug with a high
hepatic first pass clearance, is greatly dependent on hepatic
blood flow.2 9
On the basis of these studies the lignocaine regimen we

recommend for patients with myocardial infarction uncompli-
cated by gross circulatory disturbance is a bolus (75-100 mg)
followed by 4 mg/min for 30 minutes, 2 mg/min for two hours,
and 1 mg/min thereafter. For patients who have undergone
cardiac surgery, however, and who are likely to have decreased
cardiac output and hepatic dysfunction, a bolus followed by
1 mg/min may suffice. The risk of toxicity with prolonged
infusion will be greater in these patients.
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