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Abstract

Background.  Lignocaine improves outcome in animal brain
injury models.  Cardiac operations often cause post-
operative neuro-psychological (NP) impairment.  We
investigated cerebral protection by lignocaine in cardiac
surgical patients.

Methods.  Sixty-five patients undergoing left heart valve
procedures completed 11 pre-operative NP tests, a self-
rating inventory for memory, and inventories measuring
depression and anxiety.  These were repeated 10 days, 10
weeks, and 6 months post-operatively.  Patients received a
48-hour double-blinded infusion of either lignocaine in a
standard antiarrhythmic dose or placebo, beginning at the
induction of anaesthesia.  A post-operative deficit in any
test was defined as a decline by more than or equal to the
group pre-operative standard deviation.  In addition,
sequential post-operative percentage change scores were
calculated for each patient in all NP tests and the
inventories for memory, depression and anxiety.

Results.  Forty-two patients completed all three reviews, 8
completed two reviews, and 5 patients were reviewed once.
Significantly more placebo patients had a deficit in at least
one NP test at 10 days (p < 0.025) and 10 weeks (p < 0.05).
The lignocaine group achieved superior sequential
percentage change scores in 6 of the 11 NP tests (p < 0.05)
and in the memory inventory (p < 0.025).  There were no
group differences in the remaining NP tests or the
depression and anxiety inventories.

Conclusions.  These data demonstrate that cerebral
protection by lignocaine, unrelated to any effect on
depression or anxiety, at a level that is noticed by the
patients.
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Introduction

Neurological problems, such as delirium, cognitive
difficulty, convulsions, persistent somnolence and stroke,
were reported more than 30 years ago after cardiac
procedures.1  Despite efforts to prevent sequelae, post-

operative stroke and cognitive dysfunction are still seen in
up to 4.9%2 and 59%3 of patients, respectively.  Although
there are some data to the contrary4 patients undergoing
cardiac operations exhibit more stroke syndromes,5 new
clinical neurological signs,6 and neuropsychological
deficits6 than non-cardiac surgical controls, particularly in
the early post-operative period.  Cerebral embolism and
hypoperfusion are the most likely explanations for this
difference7 and peri-operative cerebral emboli exposure
correlates with the risk of post-operative stroke2 and
cognitive deficit.8  Strategies to prevent embolic brain
injury in cardiac operations have included intra-operative
hypothermia;9 filtration of the cardiopulmonary bypass
(CPB) arterial line;10 reduced manipulation of the
atheromatous aorta;11 improved removal of residual air and
debris from the heart after open chamber procedures;12

carbon dioxide field flooding during open chamber
procedures;13 and prevention of bubble formation in CPB
machines.14

There is also interest in pharmacological cerebral
protection in cardiac operations.  Thiopentone reduced the
incidence of early post-operative neuropsychiatric
problems,15 although patients were slower to wake,
remained intubated longer and required more inotropic
support than controls.  This result was not replicated in a
subsequent trial and routine use of thiopentone for this
purpose is not recommended.16  Nimodipine produced
equivocal preservation of memory function 6 months post-
operatively in a small controlled cardiac surgical trial.17

However, a larger placebo-controlled trial of nimodipine in
this context was terminated early because of higher rates of
death and major bleeding in the treatment group.18

Lignocaine, used as a local anaesthetic and class Ib
antiarrhythmic agent, has been shown in vivo to preserve
neuroelectric function;19 reduce infarct size;20 preserve
cerebral blood flow;21 reduce cerebral oedema;22 and
reduce intracranial pressure21 in models of cerebral arterial
gas embolism,19 focal,20 and global21 brain ischaemia and
brain oedema.22  Possible mechanisms for cerebral
protection by lignocaine include deceleration of ischaemic
trans-membrane ion shifts;23 reduction in cerebral
metabolic rate;24 modulation of leucocyte activity;25 and
reduction of ischaemic excitotoxin release.26  There are
reports of the successful use of lignocaine as an adjunct to
recompression in divers with neurologic decompression
illness27 and lignocaine has received speculative mention
as a possible cerebral protective agent in cardiac
operations.28  However, there are no controlled clinical data
to support these uses of lignocaine.  This is a report of a
randomised, prospective, double-blind trial of lignocaine
versus placebo in cerebral outcome after left heart valve
operations.
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Material and Methods

PATIENTS

Sixty-five patients scheduled for left heart valve
operation gave written informed consent for participation
in the study, which received ethics committee approval in
August 1994.  The exclusion criteria were as follows: age
outside the 20- to 70-year range; any current neurological
disorder; a first or most commonly used language other than
English; residence outside the greater Auckland area; and
any past history of adverse reactions to lignocaine.

NEUROPSYCHOLOGICAL TESTING

All consenting patients underwent pre-operative
neuropsychological (NP) testing on the day before
operation.  The test battery was selected on the basis of
demonstrated efficacy in similar subject populations and
negligible training effect and is listed in Table 1 (p 216).
Six “performance” tests29 with 11 sub-scales were chosen
to measure cognitive function.  A self-rating inventory with
two sub-scales for memory function30 was chosen to
identify changes that were noticed by the patients
themselves.  Any spouses were also asked to rate the
patient’s memory using the latter inventory.  Two
inventories, one for depression and one for anxiety (two
sub-scales)29 were also used because both states influence
NP test performance.  All tests were repeated at 10 days, 10
weeks, and 6 months after operation, except the memory
inventory, which was only repeated at 10 weeks and 6
months.  Parallel forms of the Rey Auditory Verbal
Learning Task29 and Rey Figure test29 were used in
sequential testing to minimise any practice effect.  Where
possible, testing in the hospital was conducted in the same
office.  Some of the 10-day tests, and all of the 10-week and
6-month tests were performed in the patients’ homes.  A
functional decrement was considered to exist in any of the
post-operative performance tests if the patient scored at least
one standard deviation (of the pre-operative population mean
for that test) below their pre-operative score.31  In addition,
each patient’s preoperative scores were normalised to 100
and subsequent scores were recorded as percentage changes.
All NP testing was conducted by the one psychologist.

TRIAL MEDICATION ADMINISTRATION

The medication was repackaged by a
pharmaceutical laboratory into coded vials.  Dextrose 5%
was used as the placebo solution to replicate the same
mixing phenomenon as is seen when lignocaine is diluted
in 0.9% sodium chloride solution.  Patients were block
randomised by surgeon to receive lignocaine or placebo, so
that each of the five surgeons involved operated on the same
number of patients in each group.  The trial infusion was
begun at induction of anaesthesia and continued for 48 hours.
The infusion protocol was designed to deliver a 1 mg/kg
“bolus” over 5 minutes, followed by 240 mg over the first

hour and 120 mg over the second hour, and then 60 mg/h
thereafter if the patient was receiving lignocaine.  The
target plasma concentration (6 to 12 µmol/L) was selected
on the basis of successful in vivo19,20 and in vitro23 trials
of lignocaine in brain injury.  Blood specimens for
lignocaine assay were taken to coincide with aortic
cannulation and aortic declamping and at both 8 and 24 hours
after starting the infusion.  The latter two results were used
to adjust the infusion rate.  To preserve double blinding, the
laboratory also reported sham levels for placebo patients.

ANAESTHESIA AND OPERATION

Patients were premedicated with a benzodiazepine
(usually midazolam), an H2 receptor antagonist (usually
famotidine), and in most cases, droperidol.  Anaesthesia in
all patients was based on moderate doses of fentanyl (10 to
50/µg/kg) and a non-depolarising muscle relaxant,
supplemented when necessary with isoflurane and
benzodiazepines.  Any departure from this standard
protocol was recorded.  The CPB circuit included a hard
shell combined venous and cardiotomy reservoir (Medtronic
Blood Systems, Anaheim, California), roller pump (Stockert
Instrumente, Munich, Germany), hollow fibre membrane
oxygenator (Medtronic Blood Systems), and a Bentley
AF1040D 40 micron screen arterial filter (Baxter Healthcare
Corporation, Irvine, California) with a continuous purge.
Perfusion was non-pulsatile with indexed flows set at 2.4 l/
m2/min during cooling and rewarming, and 2.0 l/m2/min
during stable CPB.  The alpha-stat pH management
protocol was used for all patients.  All patients underwent
hypothermic CPB.  The lowest temperature was recorded.

A Flowlink 300 colour flow Doppler machine
(Rimed, Tel Aviv, Israel), operated in the 2-MHZ pulsed
wave mode and interfaced to a purpose built emboli signal
counter,14 was used to monitor the right common carotid
artery from 5 minutes before cannulation of the great
vessels until 20 minutes after weaning from CPB.
Physiological parameters were recorded during surgery by
automatic data logging devices (HP Component
Monitoring System, Hewlett Packard, Andover,
Massachusetts).  The product of time (minutes) during which
perfusion pressure was below 50 mm Hg and the degree of
hypotension (difference between 50 mm Hg and the
observed perfusion pressure) during CPB was calculated.32

This product is expressed as mm Hg minutes (mm Hg.min)
and is known as the TM-50.  The cumulative duration of
hypotension (systolic BP less than 80 mm Hg) before and
after CPB was also calculated.

STATISTICAL ANALYSIS

The group mean scores for each test sub-scale at the
pre-operative assessment were compared using an unpaired
two-tailed t test.  The groups were compared with respect to
potentially confounding variables using a χ2 or Fisher’s
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TABLE 1

TESTS AND SUB-SCALES OF THE NP TEST BATTERY 29, 30

Test Sub-scales Modality Interrogated

Performance tests
Rey figure Copy Visuospatial memory

Recall
Inspection time Traditional Information processing speed

Dynamic
Rey Auditory Verbal Learning Task Trials 1-5 Verbal learning
(AVLT) Distract list Verbal memory

Recall trial
Symbol DigitModality Test Oral Complex scanning and visual tracking, manual agility
(SDMT) Written

Written
Trails A Nil Attention and spatial perception
Trails B Nil Sustained attention, spatial perception, visuomotor tracking

Self-rating inventory
Memory Assessment Clinic How good at? Memory
Self Rating Test (MAC-S) How often do?

Control tests
Beck depression Nil Depression
State Trait Anxiety Inventory (STAI) State State anxiety

Trait Trait anxiety

exact test for proportions and an unpaired two-tailed t test
or a Mann Whitney U test for continuous variables.  Any
pre-operative or surgical factor that differed significantly
between the lignocaine and placebo groups was tested by
univariate regression analysis (continuous variables) or by
appropriate stratification (categorical variables) against
outcome for each test and at all testing times.  Factors
showing a significant correlation or association (p < 0.1)
with outcome, independent of lignocaine administration,
were then tested by multivariate analysis.

Analysis of the NP test outcome data was approached
in two ways.  First, the proportion of patients in each group
exhibiting a decrement in at least one or in at least two
performance test sub-scales were compared at each review
using a χ2 test.  Second, in each of the performance tests,
control tests and memory self-rating inventories, the
sequential group mean percentage change scores were
compared using repeated measures analysis of variance.
This analysis was also used to assess any effect of time
after operation on performance.  Where a patient missed
one of the three reviews, missing data were estimated from
the average of the two that were completed and a degree of
freedom was subtracted in the analysis of variance.33

Patients missing two of the reviews were excluded from
this analysis.  A significance level of p less than 0.05 was
chosen for all tests.

Results

Ten of the 65 consented patients did not enter the
review phase of the trial.  One withdrew after pre-operative
NP testing and did not receive the trial infusion.  Five of the
remainder received the placebo and 4 received lignocaine.
One placebo patient was unblinded in theatre after an
episode of ventricular fibrillation before CPB.  Two patients
died after sudden cardiac arrest in the early post-operative
period; one, who died on day 2, was receiving the placebo
and the other, who died after discharge on day 7, had
received lignocaine.  Two patients had severe non-cerebral
post-operative complications that would have significantly
altered NP performance, 2 refused all post-operative
testing, and 2 patients were lost to follow-up.

The remaining 55 patients completed pre-operative
NP testing and the trial infusion (28 received lignocaine and
27 received the placebo).  Forty-two patients completed all
three post-operative reviews, 8 were reviewed twice, and 5
patients were reviewed once.  This represents 147 of 165
possible patient reviews (89.1%).  Failure to complete the
review program was variously attributable to difficulty in
locating patients, refusal to undergo testing, and
development of non-cerebral post-operative complications.

Group mean pre-operative NP test scores for these
55 patients did not differ and are listed in Table 2.  Other
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relevant demographic, operative, and post-operative data are
listed in Tables 3, 4, and 5, respectively.  The placebo
patients had a significantly greater body mass index than
the lignocaine patients (28.5 versus 25.3).  Conversely,
myocardial scores34 indicated significantly worse coronary
artery disease in the lignocaine patients.  A significantly
greater proportion of lignocaine patients underwent
concomitant valve replacement and coronary grafting
procedures.  The lignocaine group patients had a
significantly longer mean duration of aortic crossclamping.
A significant (inverse) correlation with outcome was shown
for only one factor, in one test, and at one testing time after
controlling for lignocaine administration (body mass index
in the MAC-S How Good self-rating test at 10 weeks,
p = 0.014).

There were no other significant differences in
demographic or surgical variables.  In particular, the
TM-50, total operative emboli exposure, and the use of other
putative brain-protecting anaesthetic agents, such as
ketamine, etomidate and propofol, did not differ between
the groups.  The lignocaine patients spent a significantly
shorter immediate post-operative period in the intensive care
unit.  There were no other significant differences between
the groups with respect to post-operative variables.

Mean plasma lignocaine levels (micromoles per
litre) in the lignocaine patients were 16.6 (8.5 standard

TABLE 2
COMPARISON OF GOUUP MEAN RAW SCORES FOR ALL TEST SUB-SCALES IN LIGNOCAINE AND

PLACEBO GROUPS AT THE PREOPERATIVE ASSESSMENTa

Test Units Lignocaine Placebo
Group Group

Performance tests
Auditory Verbal Learning Task (trials 1-5 total)29 Number correct 39.4 ±9.3 40.4 ± 8.5
Auditory Verbal Learning Task (distract list) Number correct 4.1 ± 1.3 4.6 ± 1.9
Auditory Verbal Learning Task (recall trial) Number correct 8.0 ± 3.3 7.8 ± 2.6
Inspection time (dynamic) Time (ms) 83.5 ± 27.1 82.9 ± 24.3
Inspection time (traditional) Time (ms) 88.4 ±47.3 102.8 ± 51.6
Rey figure (copy)29 Score 32.8 ± 2.7 32.3 ± 4.1
Rey figure (recall) Score 17.4 ± 5.7 16.0 ± 6.5
Symbol Digit Modality Test (oral)29 Number correct 48.7 ± 11.0 49.2 ±11.9
Symbol Digit Modality Test (written) Number correct  41.0 ± 11.9 41.3 ± 11.7
Trails A29 Time (s) 31.6 ± 13.6 34.2 ± 11.5
Trails B Time (s) 112.8 ± 102.5 103.5 ± 69.7

Self-rating inventory
MAC-S (How good at?)30 Score 2.49 ± 0.58 2.42 ± 0.56
MAC-S (How often do?) Score 2.61 ± 0.52 2.50 ± 0.47

Control tests
Beck depression29 Score 7.2 ± 4.7 7.6 ± 6.8
State Trait Anxiety Inventory (state anxiety)29 Score 38.7 ± 11.4 38.4 ± 13.9
State Trait Anxiety Inventory(trait anxiety) Score 35.3 ± 8.3 37.1 ± 8.3

a Data are means ± standard deviation.  There were no significant differences.
MAC-S = Memory Assessment Clinics Self-Rating Test.

deviation), 9.4 (3.3 SD), 7.8 (3.0 SD) and 10.6 (2.6 SD) at
aortic cannulation, aortic declamping, 8 hours and 24 hours
after initiation of the infusion.

One female placebo patient was recorded as
suffering a mild peri-operative stroke, which resulted in new
unilateral sensory changes.  The number and proportion of
lignocaine and placebo patients exhibiting a decrement in
at least one or at least two performance test sub-scales at
each review are presented in Table 6.  A smaller proportion
of the lignocaine group exhibited decrements by either
definition at all times.  This was significant for decrements
in at least one sub-scale at 10 days (p < 0.025) and 10 weeks
(p < 0.05).

The sequential group mean percentage change scores
in the NP “performance” tests are either shown in Figure 1
(five of the six sub-scales in which group differences were
significant) or are listed in Table 7 (the five sub-scales in
which differences did not reach significance).  The sixth
sub-scale, in which the groups did differ significantly
(p < 0.05), was the Trials 1 to 5 component of the Rey
Auditory Verbal Learning Task, which cannot be graphed
easily.  In all tests where group differences were
significant, the lignocaine patients’ performance was
superior.  A significant time-dependent improvement in
function was recorded in: Inspection Time (traditional);
Trails A; Trails B; Auditory Verbal Learning Task (distract
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TABLE 3
COMPARISON OF LIGNOCAINE AND PLACEBO GROUPS WITH RESPECT TO DEMOGRAPHIC AND

PRE-OPERATIVE VARIABLESa

Pre-operative Factor Lignocaine Group Placebo Group
(n - 28) (n = 27)

Age (years) 56.9 ± 8.9 54.4 ± 9.7
Men 17 (60.7%) 14 (51.9%)
Women 11 (39.3%) 13 (48.1%)
Body mass index 25.3 ± 4.3b 28.5 ± 5.2b
Secondary education (years) 3.78 ± 3.0 3.81 ± 2.4
Smoking (pack-years) 4 (range 0-40) 0 (range 0-40)
Cardiothoracic ratio 53.6 ± 5.3 55.1 ± 5.4
Mean aortic gradient in patient undergoing aortic valve procedures (mm Hg) 55.1 ± 15.7 55.2 ± 14.5
Admission systolic blood pressure (mm Hg) 124 ± 16 127 +- 18
Fractional shortening (%) 33.8 -+ 10.8 37.8 +- 10.5
Atrial fibrillation 6 (21.4%) 7 (25.9%)
Renal dysfunction 3 (10.7%) 1 (3.7%)
Carotid bruit 1 (3.6%) 2 (7.4%)
Clinical left ventricular failure 6 (22.2%) 4 (14.8%)
Coronary artery disease 13 (46.4%) 8 (29.6%)
Myocardial score34 3 (range 0-12)c 1 (range 0-11)c

Previous transient ischemic attack 1 (3.6%) 3 (11.1%)
Diabetes 2 (7.1%) 1 (3.7%)
Peripheral vascular disease 1 (3.6%) 1 (3.7%)
Hypertension (past history) 2 (7.1%) 6 (22.2%)

aData are mean ± standard deviation, number (%), or median (range); bp <0.025;  cp <0.05 otherwise not significant.

TABLE 4
COMPARISON OF LIGNOCAINE AND PLACEBO GROUPS WITH RESPECT TO SURGICAL AND PERI-

OPERATIVE VARIABLESa

Surgical Factor Lignocaine Group Placebo Group
(n = 28) (n = 27)

Aortic valve replacement 20 (71.4%) 15 (55.6%)
Mitral valve replacement 6 (21.4%) 9 (33.3%)
Dual valve replacement 2 (7.1%) 3 (11.1%)
Valve plus coronary grafts 13 (46.4%)b 5 (18.5%)b

Redo operation 7 (25%) 4 (14.8%)
Ascending aorta atheroma 1 (3.6%) 3 (11.1%)
Duration of cardiopulmonary bypass (CBP) (min) 129.3 ± 42.6 109.5 ± 35.2
Cross-clamping time (minutes) 112.3 ± 35.5b 92.9 ± 27.8b

Emboli count 2,042 1,748
(range 247 -  6,959) (range 216 -  11,349)

Coolest temperature (°C) 28.2 ± 2.5 28.6 + 2.0
Fractional fall in haemoglobin 0.34 ± 0.1 0.34 -+ 0.1
TM-50 mm Hg.minute 151 102.5

(range 15 - 1,600) (range 0 - 590)
Pre- and post-CPB time systolic BP <80 mm Hg (minutes) 10 7.5

(range 0-97) (range 2-78)
lnotropes after cardiopulmonary bypass 11 (39.3%) 10 (37%)
Etomidate used in anaesthetic 10 (35.7%) 9 (33.3%)
Ketamine used in anaesthetic 4 (14.3%) 4 (14.8)
Isoflurane used in anaesthetic 17 (60.7%) 16 (59.3%)
Propofol used in anaesthetic 10 (35.7%) 12 (44.4%)

a Data are mean ± standard deviation, number (%), or median (range); b p <10.05, otherwise not significant.  BP = blood
pressure.
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TABLE 5
COMPARISON OF LIGNOCAINE AND PLACEBO

GROUPS WITH RESPECT TO
POST-OPERATIVE VARIABLESa

Lignocaine Placebo
Post-operative Factor (n = 28) (n = 27)

ICU ventilation (hours) 12.6 ± 5.6 12.4 ± 6.2
ICU stay (hours) 24.1 ± 7.4b 29.4 ± 11.1b

ICU inotropes required 10 (35.7%) 7 (25.9%)
Intraaortic balloon

pump required 1 (3.6%) 0
Peak AST 55.9 ± 28.7 58.4 ± 18.3
Peak AST >100 1 (3.6%) 0
Renal dysfunction

in first 48 hours 9 (32.1%) 5 (22.2%)
New atrial fibrillation 7 (25%) 9 (33.3%)
Hospital stay (days) 9.0 ±2.6 9.6 ± 2.8

a Data are mean ± standard deviation, or number (%);
b p < 0.05, otherwise not significant.
AST = aspartate aminotransferase.
ICU = intensive care unit.

TABLE 6
NUMBER AND PROPORTION OF PATIENTS IN THE LIGNOCAINE AND PLACEBO GROUPS

EXHIBITING A DECREMENT IN AT LEAST ONE AND AT LEAST TWO
PERFORMANCE TEST SUB-SCALES AT EACH REVIEW

10 Days 10 Weeks 6 Months
Lignocaine Placebo p Value Lignocaine Placebo p Value Lignocaine Placebo p Value

(n = 25) (n = 24) p Value (n = 26) (n = 24) p Value (n= 25) (n =23)

Timing of testsa 9.8 ± 2.6 9.8 ±1.7 NS 10.1 ± 1.8 10.8 ± 2.4 NS 29.1 ± 2.4 29.2 ± 1.8 NS
Decrement x 1 10 (40%) 18 (75%) <0.025 12 (46%) 18 (75%) <0.05 7 (28%) 11 (48%) NS
Decrement x 2 5 (20%) 10 (42%) NS 3 (11.5%) 6 (25%) NS 2 (8%) 4 (17%) NS

Timing of tests units are days for the first test and weeks for the other two tests.  aData are mean ± standard deviation.
Decrement x 1 = Decrement in at least 1 scale.  Decrement x 2 = Decrement in at least 2 scales.  NS = not significant.

TABLE 7
SEQUENTIAL GROUP MEAN PERCENTAGE CHANGE SCORES FOR LIGNOCAINE AND PLACEBO
GROUPS IN PERFORMANCE TEST SUB-SCALES WHERE THERE WAS NO SIGNIFICANT DIFFER-

ENCE BETWEEN THE GROUPSa

10 Days 10 Weeks 6 Months
Test Lignocaine Placebo Lignocaine Placebo Lignocaine Placebo

Rey figure (copy) 100.6 ± 1.7 99.7 ± 1.8 102.7 ± 2.1 100.6 ± 2.0 101.8 ± 1.5 102.5 ± 2.0
Rey figure (recall) 102.2 ± 5.8 111.9 ± 12.2 126.6 ± 7.0 123.6 ± 7.5 134.3 ± 8.3 139.9 ± 11.0
Inspection time (traditional) 104.8 ± 7.4 118.8 ± 14.7 120.1 ± 6.2 121.3 ±10.9 124.9 ± 5.7 130.5 ± 16.2
Trails A 104.8 ± 3.4 112.1 ± 5.6 111.3 ± 5.5 112.2 ± 4.6 119.9 ± 5.8 115.8 ± 6.5
Auditory verbal learning

task: recall trial 99.4 ±6.4 85.5 ± 6.8 111.0 ± 9.2 98.5 ±7.0 127.6 ± 9.4 114.1 ± 7.8

a Data are means ± standard error.

list and recall trial); Symbol Digit Modality Test (SDMT)
(written and oral); and Rey Figure (recall) tests (all p < 0.01).

The sequential group mean percentage change scores
in the two sub-scales of the Memory Assessment Clinics
Self Report are shown in Figure 2.  The lignocaine patients
reported significantly better post-operative memory and
fewer memory lapses than the placebo patients.  Also,
assessments of patients by their spouses using these sub-
scales showed the same advantage for the lignocaine group,
but the differences failed to reach our chosen significance
level because of the small number of patients who had
spouses (n = 27).  The sequential group mean percentage
change scores in the Beck depression inventory and the two
State Trait Anxiety Index (STAI) sub-scales are shown in
Figure 3.  Although there was no difference attributable to
treatment, there was a significant time-dependent decrease
in both depression and anxiety (p < 0.01).

Comment

Patients undergoing left heart valve procedures were
chosen for this study because of their high risk of peri-
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Figure 1.  Sequential group mean percentage change scores
for lignocaine and placebo groups in performance of test
sub-scales where there was a significant difference between
the groups.  Data are mean ± standard error.  (AVLT
= Auditory Verbal Learning Task; SDMT = Symbol Digit
Modality Test.)

Figure 2.  Sequential group mean percentage change scores
for lignocaine and placebo groups in the two sub-scales of
the Memory Assessment Clinics Self Report Inventory.  Data
are mean ± standard error.

operative brain injury.35  In addition, the elective nature of
the operation enabled pre-operative NP testing such that the
patients could act as their own controls.  Together, these
allowed a trial of many fewer subjects than if stroke had
been used as an end point.

A significantly greater proportion of the placebo
group showed discrete decrements in NP test performance
at the 10 day and 10 week reviews.  In addition, the
sequential group mean percentage change scores for patients
receiving lignocaine showed improvement in all tests
except the Rey Figure Copy in which a ceiling effect
prevented significant change.  In contrast, improvement in
the placebo group mean was significantly less in some tests
or absent in others.  These findings suggest a strong and
persistent cerebral protective effect for lignocaine.  They
also illustrate the previously described phenomenon of
improvement in group mean NP test scores,36 despite
discrete decrements in some patients, after cardiac
operations.  Group mean score improvements are
particularly noticeable in later reviews and are not
surprising here given that we demonstrated a significant post-
operative decrease in depression and anxiety in both groups.
A practice effect, selective attrition, and physiological
factors may also be important, but none of the latter have
been identified.
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Figure 3.  Sequential group mean percentage change scores
for lignocaine and placebo groups in the Beck Depression
and State Trait Anxiety Inventories.  Data are mean
± standard error.  Note that an increase in score indicates a
decrease in depression or anxiety.

No confounding factors were identified that could
explain the better outcome in the lignocaine patients.
Although anxiety and depression may affect NP test
performance,37 the lignocaine and placebo patients did not
differ either before or at any time after operation with
respect to depression or anxiety indices.  There is no
evidence here that lignocaine directly affects mood or anx-
ious state.  Although the lignocaine patients had a
significantly smaller body mass index, this has not
previously been identified as a risk factor for poor
cognitive outcome after cardiac operations and only a
single test score (MACS-How Good, at the 10-week review)
showed a significant inverse correlation with body mass
index.  The lignocaine patients had significantly worse
coronary artery disease.  This resulted in a greater
proportion undergoing concomitant coronary artery
grafting and valve replacement, which exposes patients to
the combined risk of both procedures.38  The lignocaine
patients also experienced longer aortic cross-clamping times,
which further increases relative risk of cerebral injury.39

Although our data do not show a worsening of outcome in
association with these latter factors, this is a probable
consequence of subject distribution and the protective
effect of lignocaine suggested by this study.

It is acknowledged that “decrements” shown to exist
in NP tests may not result in any clinically discernible loss
of function, such as usually seen after a stroke.  However,
the advantage for lignocaine shown here is not only
detectable by objective NP testing, but with respect to
memory at least, is also apparent to the patients themselves.
In addition, a correlation between NP test results and the
incidence of both objective clinical cerebral dysfunction40

and biochemical markers of brain injury41 has previously
been demonstrated after cardiac operation.

Neither the mechanism of cerebral protection by
lignocaine nor the ideal dosing regimen is demonstrated by
this study.  We chose a target plasma concentration
consistent with that reported as effective for cerebral
protection in vivo.19,20  We arbitrarily adopted a 48-hour
infusion in recognition of a possible anti-inflammatory
role,25 which might be important beyond the immediate peri-
operative period.  An expanded trial that will test different
infusion durations is planned.

In the interim, we recommend that lignocaine be
considered for the routine peri-operative care of patients
undergoing left heart valve procedures.  Consideration
should also be given to investigating a role for lignocaine in
other forms of brain injury.
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Introduction

There is general agreement that the basic problem in
decompression is gas coming out of solution and forming a
gas phase.  However, it is also well known that a
considerable number of bubbles can be formed without any
acute signs or symptoms.  Such bubbles have been called
“silent” bubbles1 and have, in particular, been observed in
the pulmonary artery.2  One conclusion that can be drawn
from this observation is that acute clinical symptoms are

critical dependent upon the location of the bubbles.
Bubbles in the brain, for instance, could give few
symptoms, as large areas of the brain are clinically silent.
Bubbles in joints, on the other hand, would give symptoms,
because of the rich innervation by pain receptors in these
areas.  One effect of this would be that we have to
distinguish between primary and secondary effects of
bubbles.  The primary effects are related to the mechanical
effect of the bubbles, which may be blockage of the
circulation or distortion of tissue.   The secondary effects
are related to the numerous effects of the bubble surface,
with activation of a large number of biochemical and
cellular mechanisms.  It seems obvious that this secondary
effect can occur without any acute signs or symptoms.

When do bubbles form ?

Most, if not all, practical decompressions will lead
to some degree of gas bubble formation in the organism


