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P u r p o s e :  Minimum effective anaesthetic concentration (MEAC) of lidocaine for spinal anaesthesia, defined as the con- 
centration at which a spinal anaesthetic agent produces surgical anaesthesia within 20 min of administration in 50% of 
patients, was determined in a randomised, double-blind study in young patients undergoing knee and ankle surgery. 
Methods: Using the combined spinal-epidural technique, 48 or 72 rng hyperbaric lidocaine containing dextrose 7.5% 
was administered intrathecally to 43 pa~ents at concentrations ranging from 0.2-0.9%. The choice of lidocane concen- 
tration was determined by Dixon's up-and-down method. Complete anaesthesia was defined as: ( I ) pinprick anaesthe- 
sia at or higher than T~v (2) anaesthesia to transcutaneous tetanic electric stimulation (50 Hz at 60 mA for five seconds) 
in the knees and (3) complete leg paralysis; all occurri.ng in both lower extremities within 20 rain. Epidural anaesthesia 
was initiated if anaesthesia was incomplete. 
Results: In the 48 mg group, MEAC was 0.54% (95% Cl-0.21-0.87). Anaesthetic effect was variable with mean dura- 
tion of anaesthesia of 29 min (range: 20-50 min) and maximum pinprick sensory level ranging from T2-T ~0. In the 72 mg 
group, successful anaes~esia was achieved consistently at a concentration of 0.3%, i.e., MEAC was < 0.3%. Mean dura- 
tion of complete anaesthesia was 46 min (range: 30-60 min) with maximum sensory level from T~-T v 
Discussion: Spinal anaesthesia can be accomplished with very dilute lidocaine solutions (< 0.9%). The value of I"IFAC 
is dose<iependent, i.e., complete anaesthesia can be accomplished with lower concentrations by increasing the dose of 
spinal anaesthetic administered. 

Object i f  : D~terminer la concentration anesth~sique minimale e~cace (CAME) de lidoca'ine pour anes~&ie rachidi- 
enne. Cette CAME est d6finie comme la concentration ~ laquelle I'agent anesth~sique produit une anesth&ie chirur~i- 
c.ale chez 50% des patients darts un d~lai de 20 minutes apr~s I'injection. I'~_ude a &6 r&lis6e ~ double insu et selon 
une distribution al6atoire chez de jeunes patients soumis ~. une chiru~e de la cheville ou du genou. 
M&hodes : Utilisant une technique combin6e de rachi-~pidurale, de la lidocaihe rendue hyperbare avec du dextrose 
7.5% a ~t~ administr~e en sous arachno'idien ~ raison de 48 ou 72 mg chez 43 patients en concentrations variant de 
0,2 ~ 0,9%, Le choix des concentraiJons de lidocaihe ~ait d6termin6 par la m~thode des hauts et bas de Dixon. Une 
anesth~sie complete ~'tait d~finie par : I-une anesth~sie ~ la piqfire ~ Ti2 ou plus bout; 2-une anesth&ie ~. une stimula- 
tion 61ectfique t6tanique percutan6e au niveau des genoux (S0 Hz, 60 mA et 5 sec); 3-une paralysie complete des 
jambes; toutes ces manifestations devaient &re pr~sentes a~  deux jambes en moins de 20 minutes. Si I'anesth&ie &air 
incompl&e, la rel&e uatait assur~e par I'~pidurale. 
l ~ u l t a t s  : Darts le groupe 48 mg, la CAME ~ de 0,54% (intervalle de confiance 9596-0,21 ~ 0,87%), I'effet 
anesth&ique ~tait variable avec une dur~e moyenne de 29 min. (&art 20-50 rain.) et un niveau sensitif ~ I'ai~uille vari- 
ant de T 2 fi T~0. Dans le groupe 72 mg, une anesth~sie adequate 6tait atteinte de fa~on fiable fi une concentration de 
0,3%, c'est-~-dire que la CAME ~tart < 0,3%. La dur~e moyenne de ranesth6sie compl&e &air de 46 minutes (&ar[ 
30-60 min.) avec un niveau sensitif maximal variant de T 3 ~. T 8, 
Discussion : ILanesth&ie rachidienne peut &re r~ussie avec des solutions de lidocaine tr~s dilutes (< 0,9%), La valeur 
de la CAME d~pend de la dose, i.e., une anesth&ie complete peut &re r~alis6e avec des concentrations plus faibles 
condition d'augmenter la dose d'anesth~sique local admin]str~. 
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L IDOCAINE was the first synthetic amino- 
amide local anaesthetic and has been used for 
spinal anaesthesia since 1948.1 Traditionally, 
hyperbaric lidocaine solution at a concentra- 

tion of 5% in dextrose 7.5% is the commonest prepara- 
tion for spinal anaesthesia. In a multicentre prospective 
study of over 10,000 patients, lidocaine 5% solution 
administered intrathecally in 40-100 mg did not result 
in any major neurological complication. 2 However, 
recent reports of major and minor neurological compli- 
cations, i.e., cauda equina syndrome and transient radic- 
ular irritation respectively, following intrathecal use of 
hyperbaric lidocaine 5% raise the concern of safety about 
its use. s-s 

Animal studies using the desheathed nerve prepara- 
tion of frog showed that exposure to lidocaine 5% 
solution for 15 rain irreversibly extinguished the com- 
pound action potential and the median neurotoxic 
concentration was found to be 1%. s,7 In mammals, a 
lidocaine solution of 3% concentration was neurotox- 
ic to the sciatic nerve in  vivo. s In humans, neurotoxi- 
city has been reported in a patient following accidental 
spinal injection of lidocainc 2% intended for epidural 
use. 9 On the other hand, there is a growing interest in 
using dilute lidocaine solution for spinal anaesthesia. 
Spinal lidocaine 1.5-2% in a dose of 50-80 mg pro- 
duces effective anaesthesia in a variety of urological 
and obstetrical conditions, t~ Furthermore, lido- 
caine 0.5%, either hyperbaric or hypobaric, can pro- 
duce effective spinal anaesthesia for perirectal and 
urological surgery with doses ranging between 30-40 
mg)  4,is However, the lowest effective concentration 
of lidocaine for spinal anaesthesia in humans has not 
been determined. 

Review of reports concerning neurological injury 
associated with continuous spinal anaesthesia led us to 
believe that anaesthetics should be administered at the 
lowest effective concentration, s The aim of this study was 
to determine the minimum effective anaesthetic concen- 
tration (MEAC) oflidocaine for spinal anaesthesia, which 
is defined as the concentration at which a spinal anaes- 
thetic agent produces surgical anaesthesia within 20 min 
of administration in 50% of patients. This concept is sim- 
ilar to the concept of minimum alveolar concentration 
(MAC) for inhalation anaesthetic. Furthermore, as 
MEAC may vary with the administered dose, it will be 
determined using two doses of lidocaine. 

patients. After institutional ethics committee approval, 
informed consent was obtained from 43 ASA I-III 
patients (age 1 8 4 2  yr, weight 50-115 kg, height 
150-190 cm) undergoing lower limb arthroscopic 
surgery, All patients had no contraindication to spinal 
or epidural anaesthesia. 

P at i en t  preparat ion  

Patients were randomly assigned to receive spinal lido- 
caine at low dose (48 mg) or high dose (72 mg). 
Within each treatment group, the concentration of the 
hyperbaric lidocaine solution administered ranged from 
0.2~).9% while the dose was kept constant. Selection of 
the range of lidocaine concentration to be tested was 
based on our preliminary data. ~ Each patient received a 
preselected concentration of spinal lidocalne based on 
the modified Dixon's up-and-down method, ~6 i.e., 
depending on the response of the previous concentra- 
tion, the concentration for the next patient would be 
adjusted up or down in increments of 0.1%. For exam- 
ple, if a patient developed complete anaesthesia after a 
given concentration, the next patient in the same treat- 
ment group would receive [idocaine solution at 0.1% 
lower concentration. On the other hand, if anaesthesia 
was incomplete, the lidocaine concentration would be 
adjusted upwards by 0.1% in the next patient. The 
anaesthetist performing the spinal anaesthesia was 
aware of the nature of the lidocaine solution but both 
the patient and the investigator performing neurologi- 
cal assessment were blinded. 

The spinal hyperbaric lidocaine solution tested was 
prepared by one of the anaesthetists not involved in 
the patient's intraoperative assessment. It was pre- 
pared by mixing hyperbaric lidocaine 5% (Astra 
Pharma-Inc, Mississauga, Ontario) with plain dex- 
trose 7.5% solution. The dextrose 7.5% solution was 
prepared by mixing dextrose 10% solution with ster- 
ile water in 3:1 ratio. The dextrose 10% solution is 
available as a 3 ml ampoule (Baxter Hcalthcare 
Corporation, Deerfield IL). Depending on the select- 
ed concentration (0.2-0.9%) and dose (48 or 72 nag), 
the total volume ranged from 5.3-36 ml, while keep- 
ing the dextrose concentration constant at 7.5%. 
For example, a 0.4% solution was prepared by adding 
1.6 ml lidocaine 5% solution (80 mg) to 18.4 ml dex- 
trose 7.5% solution. Twelve and eighteen ml of this 
final solution would then be used for the dose of 
48 mg and 72 mg respectively. 

Methods 
We conducted a prospective, randomised, double- 
blind study to determiiae the MEAC of lidocaine for 
spinal anaesthesia at doses of 48 and 72 mg for young 

a PWHPcng, VWS Chan. the use of dilute hyperbaric lidocaine 
solution for spinal anesthesia in outpatient arthroscopic surgery. 
Presented at the Society for Ambulatory Anesthesia Meeting, 
Boston, Mass, April, 1996. 
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Preoperative management 
After reviewing patient's medical and anaesthetic his- 
tory, physical examination and laboratory test, stan- 
dard monitors (blood pressure cuff, pulse oximeter 
and ECG) were applied before commencing the pro- 
cedure of  combined spinal epidural. Patients were 
allowed to receive premedication of midazolam and 
fentanyl up to a maximum of 4 mg and 100 Tag respec- 
tively and approximately 7 ml.kg -1 normal saline for 
hydration before the induction of spinal anaesthesia. 

With the patient in the lateral decubirus position, a 
Hustead #17G 3 1/2 epidural needle was inserted at L~_ s 
or Ls. 4 level and the epidural space was localised with 
the loss of air resistance technique. Once in the epidur- 
al space, a #26G 4 s,~ Whitacre spinal needle was insert- 
ed into the subarachnoid space with the orifice of the 
needle tip pointing towards the non-dependent side. 
After the studied solution oflidocaine had been inject- 
ed at a rate of approximately 1 rrd per 5 sec, the spinal 
needle was withdrawn and a 20-gauge epidural catheter 
was placed, leaving a 2-3 em indwelling segment. The 
epidural needle was then removed and the patient was 
positioned supine for neurological assessment. 

A s s e s s m e n t  

Patients were assessed for a minimum of 20 min 
before surgery. Investigators, blinded to the concen- 
tration of lidocaine solution, performed the following 
tests: (1) pinprick sensory testing with a #23G needle 
to determine the uppermost dermatomal level on 
both sides; (2) transcutaneous electrical stimulation by 
applying a nerve stimulator (Neuro Technology, Digi 
Stim III) to both knees. Current amplitude was grad- 
ually increased in 5 mA increments until a maximum 
of 60 mA or perception of pain by the patient (tetan- 
ic electrical stimulation of 50 Hz at 60 mA for 5 sec 
was considered to be equivalent to surgical incision 
stimulation17); (3) degree of motor block was assessed 
using a modified Bromage scale (0 = no block, I = hip 
movement block, 2 = hip and knee block, 3 = com- 
plete block in hip, knee and ankle). 

Complete anaesthesia was defined as loss of pin- 
prick sensation ~T12 level bilaterally, loss of sensation 
to tetanic electrical stimulation at the knee bilaterally 
and motor block in both lower extremities within 
20 min. 

If  complete anaesthesia was not obtained after 20 
min, 3 ml lidocaine 1.5% with 1:200,000 epinephrine 
was injected epidurally to rule out intravenous injec- 
tion. If the test result was negative, epidural anaesthe- 
sia was then provided with lidocaine 2% in 5 ml 
increments. Once epidural anaesthesia was initiated, 
neurological assessment was stopped. 

Intraoperative and postoperative management 
During surgery, the sensory level above the site of 
surgery was assessed. If  the sensory level regressed to 
T12 or the patient experienced any discomfort in the 
surgical site or from the thigh tourniquet, supplemen- 
tal epidural lidocaine 2% solution was administered. 
During surgery, the patient may receive additional 
incremental doses of 50 ~ag fentanyl (up to a total of 
3 lag-kg-1), 1 mg midazolam (up to 0.1 mg-kg -1) to 
relieve anxiety if necessary. 

All patients were brought to the recovery room 
after surgery. Occurrence of post-dural puncture 
headache, back pain, neurological symptoms or tran- 
sient radicular irritation (defined as pain and/or  dyses- 
thesia in the legs or buttocks after recovery from spinal 
anaesthesia is) was checked daily for three days 
through telephone interview or in person. 

Data collection 
Baseline demographic data and vital signs were collect- 
ed before surgery. The type and duration of surgical 
procedure, and the type and dose of intravenous med- 
ication given perioperatively were documented. 
Neurological tests and haemodynamic data were per- 
formed every five minutes for the first 20 mm and every 
10 min thereafter. Incidence of hypotension (systolic 
blood pressure (30% from the baseline) and the need 
for vasopressor (ephedrine) was also recorded. 

Statistical analysis and sample size 
Data are presented as mean _+ SD. Demographic data, 
haemodynamic measurement and anaesthetic data 
between groups were compared by student t test for 
continuous variables and by Fisher's exact test analysis 
for nominal variables. Statistical significance (P < 0.05) 
for between group comparisons was based on a two- 
tailed hypothesis. Correlation between the highest sen- 
sory level achieved with volume and concentration of 
lidocaine was determined with multiple linear regres- 
sion analysis. 

Determination of MEAC was carried out according 
to the formula of Dixon and Massey le where estimat- 
ed mean of MEAC is X=(~fi Xi/n) + d/2 
(X~individual lidocaine concentration;fi=frequency of 
failed block associated with a given concentration; 
n=total number of patients with failed block and 
d=concentration increment of 0.1%) 

The calculation of 95% confidence interval for the 
MEAC is shown in Appendix. 

Based on Dixon's up-and-down method and data 
from previous studies 19 using the same method, we 
estimated the sample size to be 30 in each treatment 
group. 
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Resul ts  
There were no differences in the demographic data 
between the two dose groups (Table I). All operations 
performed were knee arthroscopy except for three 
patients in the 48 mg group who  had ankle surgery. 
No difference was found in the amount  of  intravenous 
fluid used perioperatively or the duration of  surgery 
between the groups (Table I). Furthermore,  no dif- 
ference was found in the number  of  patients receiving 
premedicat ion and the amount  ofpremedica t ion  used 
for the spinal anaesthesia between the two dose 
groups (Table I). 

The value of  MEAC was dose dependent. In the 48 
mg  group (Figure 1), 35 patients were recruited and 
MEAC of  hyperbaric lidocaine was 0.54% (95% CI 
0.21-0.87).  The anaesthetic effect was variable with 
incomplete anaesthesia in 16 patients. In  the remaining 
19 patients, although anaesthesia was complete, anaes- 
thetic duration was brief wlth mean duration of  29.8 + 
12.3 min. The maximum sensory level ranged from 
Ts-T10. Thirty-three patients in this group required 
epidural supplementation (Table II)  and in 29, epidur- 
al supplementation was administered before surgery 
due to either an incomplete block or a rapidly regressed 

TABLE I Demographic and anaesthetic data (NS-not significant, 
NA-not available, *only one patient in this dose group received 
fentanyl as premedication) 

48 rag group 72 mg group P 
n - 3 5  n=8 

age (yr) 33 • 6 34 • 6 
sex (M/r) 28/7 4/4 
height (cm) 173 • 7 167 :~ 10 
weight (kg) 83 • 14 74 • 14 
ASA Class 1/2/3 31/4/0 8/0/0 
duratiou of surgery (rain) 33 • 18 23 • 6 
perioperative intravenous 

fluid (nil) 587 • 360 600 • 317 
Premedication 

midazolam (mg.kg q ) 0.038 • 0.026 0.052 • 0.046 
fentanyl (~tg.kg "l) 0.97 • 0.38 0.88* 
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block. In  contrast, all eight  patients in the 72 mg group 
(Figure 2) achieved complete anaesthesia with mean 
duration of  46.3 + 12.4 min and maxunum sensory 
level ranged fi:om T3-T 8. Only four of  eight patients 
required epidural supplementation (Table II)  which was 
administered intraoperatively due to discomfort from 
tourniquet or at the surgical site. The concentration of  
0.2% was at tempted once and resulted in complete 
block. However, that patient developed headache and 
drowsiness at the time of  injection. Hence, no further 
at tempt was made to lower the concentration of  the 
spinal solution to < 0.3% in the 72 mg  group. The value 
of  MEAC cannot be calculated for this group but  with 
complete anaesthesia in five consecutive patients receiv- 
ing the lowest spinal concentration (0.3% in four 
patients and 0.2% in one patient)? this Suggests that  the 
value of  MEAC was < 0.3%. As we decided not  to lower 
the concentration to 0.2% fi.trther due to the side effect 
encountered, increase in sample size was unlikely to  
result in data sufficient for the estimation of  the MEAC 
in this group. Hence, we stopped the study after eight 
patients were recruited in this group. 

In the 48 mg  group, no correlation was fotmd 
between the highest  sensory level achieved and the 
volume or concentration of the spinal lidocaine solu- 
t ion used (Table III) .  

Only one patient  in the 48 mg  group developed 
hypotension following administration of  the spinal 

TABLE II Comparison of peri-operative complications between 
the 48 mg and 72 mg group. PDPH-postdural puncture 

NS headache; TKI-transient radicular irritation. 

NS Complication 48 rag 72 rag 
NS 
NS group group P 

NS epidurai supplementation 33/35 4/8 0.007 
NS intra-operative hypotension 1/35 2/8 0.08 

headache related to injection 1/35 1/8 0.34 
NS hack pain 11/35 3/8 1 

PDPH 0/35 0/8 0.00 
NS TRI 0/35 1/8 0.18 
NA urinary retention 0/35 1/8 0.18 
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Lidoeainr cone (%)  incomplr & 
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FIGURE 1 Dixon's up-and-down method in the 48 rng group 
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FIGURE 2 Dixon's up-and-down method in the 72 mg group 
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TABLE III Correlafion between highest sensury level (expressed 
the number of level below 7th cervical spine) with volume and con- 
centrafion of the spinal fidocaine solution administered using the 
multiple linear regression analysiS (n = 35). The multiple linear 
regression coefficient (R) was 0,219 and was not statistically signifi- 
cant (P = 0.484; ANOVA). NS-not significant. 

Pearson correlation P (one-tailed) 

sensory level vsvoinme -0.09 0.303 (NS) 
sensorylevel vsconcentration 0.16 0,180 (NS) 

solution compared with two patients in the 72 mg 
group (Table II). The patient in the 48 mg group 
received fidocaine 0.2% with the highest sensory level 
at T s while both patients in the 72 mg group received 
lidocaine 0.3% with the highest sensory level at T 2 and 
T a respectively. One patient in the 48 mg group devel- 
oped headache at the end of  injection but  this resolved 
soon after the patient resumed the supine position. 
The volume and concentration of  the injectate were 
24 ml and 0.2% respectively. In the 72 mg  group, one 
patient developed transient headache and drowsiness 
lasting one minute. The concentration of  fidocaine 
used in this patient was 0.2% and the volume ofinjec- 
tatc was 36 ml. This patient remained arousable and 
no intervention was required. 

Postoperatively, none of  the patients in either group 
developed postdural puncture headache. The incidence 
of  back pain was 31.4% (11/35)  in the 48 mg group 
and 37.5% (3 /8 )  in the 72 mg  group. The back pain 
developed was mild in all but three patients. Two 
patients in the 48 mg  group and one patient in the 
72 mg group described the pain as moderate mad 
severe respectively. Only one patient developed symp- 
toms suggestive of  transient radicular irritation. This 
patient, in the 72 mg group, received fidocaine 0.4% 
solution. No paraesthesia was elicited during the com- 
bined spinal epidural procedure for this patient. About  
two hours after the patient was discharged home, he 
developed severe "electric current" type of  pain in both 
buttocks and thighs. He was treated with Tylenol #3 
and the pain resolved by the next morning. Finally, one 
patient in the 72 mg group developed urinary reten- 
tion after hospital discharge. This patient was unable to 
void and developed considerable bladder distention 
discomfort. Eventually, this resolved spontaneously 
around midnight on the same day. The concentration 
of  the spinal solution used in this patient was 0.3%. 

Discuss ion  
The minimum anaesthetic effective concentration 
(MEAC) of  hyperbaric lidocaine for spinal anaesthesia 
has never been estabfished although lidocaine 5% solu- 
tion has been used for spinal anaesthesia for > 50 yr. The 

concept of MEAC is similar to the concept of  minimum 
alveolar concentration (MAC) for an inhalational anaes- 
thetic. In in vitro study, the MEAC for a local anaesthet- 
ic is defined as the threshold concentration of anaesthetic 
that is effective in blocking a nerve in a bathing solution 
within 10-15 rain. 2~ In clinical practice, we defined 
MEAC as the concentration at which a spinal anaesthet- 
ic produces surgical anaesthesia within 20 rain of admin- 
istration in 50% of patients. Twenty minutes was chosen 
as a cut-off point as complete motor and sensory block 
of  the lower extremities was usually achieved within 20 
min of  the administration of intrathecal lidocalne, al The 
MEAC for spinal anaesthesia is a pharmacological con- 
cept. In clinical practice, it is more useful to determine 
the minimum spinal anaesthetic concentration that pro- 
rides effective anaesthesia in 95% of the patients (effec- 
tive concentration 95% or ECgs); as the failure rate 
associated wi th  MEAC concentration is unacceptably 
high (50%) for a single shot spinal procedure. As there is 
a paucity of  information concerning the use of  dilute 
lidocalne solutions, determination of MEAC is the logi- 
cal first step before determining ECgs. 

In the present study, we demonstrated that the MEAC 
oflidocaine is much less than the 5% conventionally used. 
Even with very strict criteria chosen for complete anaes- 
thesia, spinal anaesthesia can be accomplished with very 
dilute lidocaine solutions (0.2-0.9%). It  is important to 
note that the value of  MEAC is dependent on the dose of 
spinal anaesthetic administered. The MEAC of lidocaine 
is 0.54% with a dose of  48 mg but is < 0.3% with a dose 
of  72 mg. Following administration of spinal anaesthetic 
into the intrathecal space, the anaesthetic is diluted after 
mixing with the cerebrospinal fluid (CSF). The anaes- 
thetic effect is dependent on the effective local anaesthet- 
ic concentration in the Cs surrounding the nerve roots. 
The higher the dose administered, the higher is the local 
anaesthetic concentration achieved. Thus,  the value of  
MEAC of the spinal anaesthetic is inversely related to the 
dose administered. 

In this study, a large volume of  spinal a~aesthetic was 
administered, 5.3-36 ml. Two patients experienced side 
effects like headache and transient drowsiness. 
Presumably, these neurological symptoms were related 
to an increase in intracranial pressure (ICP) secondary to 
the large volume injected into the subarachnoid space 
(24 ml and 36 ml). Addition of  volume to the cere- 
brospinal fluid involves distention of  spinal dura mater, 
displacement of CSF from the spinal canal to cranium 
and cerebral vascular compartment. The degree of  
change in pressure following an increase in volume 
depends on the initial position on the elastance curve of  
the cerebrospinal system. Once the volume increases to 
a certain threshold, the ICP increases in an exponential 
manner. Katzman 22 noted an increase of  CSF pressure 
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to 600 mm H 2 0  in 5-11 rain after infusion of  approxi- 
mate 19 to 42 ml normal saline into the subarachnoid 
space. Based on Katzman's infusion study and observa- 
tions in the present study, it is prudent to avoid 
injecting > 15 ml local anaesthetic solution into the sub- 
arachnoid space acutely. 

We also found that the highest sensory level of  anaes- 
thesia achieved did not correlate with the volume of  the 
intrathecal lidocaine solution administered despite a 
five-fold variation in injection volume (5.3-24 ml) in 
the 48 mg group. The distribution of  hyperbaric local 
anaesthetic solution within the subarachnoid space is 
affected by gravity, patient position, dosage and volume 
of  d rug)  s Keeping the concentration of  hyperbaric 
local anaesthetic solution constant, an increase in vol- 
ume increases the total dose administered and will 
result in higher cephalad spread. 24-z6 In the present 
study, the absence of  a volume effect on cephalad 
spread can be attributed to the constant dose of  admin- 
istration. This is supported by studies in which varying 
the concentration of  a fixed dose of  hyperbaric fido- 
caine ls;la7 and bupivacaine 2s resulted in no difference 
in cephalad spread of  anaesthetic effect. Hence, the 
total dose is more important than the volume and con- 
ceutmtion of  anaesthetic solution in determining the 
spread of  the anaesthetic solution in cerebrospinal 
fluid) 9 This concept is important with the increasing 
use of  dilute spinal lidocaine solution as there is some 
concern that the larger volume of dilute local anaes- 
thetic administered likely results in a higher block. 

In the present study, only one patient in the 72 mg 
group developed transient neurological symptoms. 
Reports of  transient radicular irritation (TRI) have 
raised considerable concern among practising anaes- 
thetists and has been the subject of  discussion in two 
recent editorials. 3~ Transient radlcular irritation refers 
to the pain and /o r  dysesthesia in the legs or buttocks 
after recovery from spinal anaesthesia. The symptoms 
are usually mild and self-limiting, and tend to resolve 
within 72 hr. However, they can be severe, 32-3~ requir- 
ing pharmacological treatment and even readmission to 
hospital? s More importantly, this may represent the 
lower end of  the spectrum of  neurotoxicity as these 
findings are consistent with toxicity data obtained 
in vitro 6,7 and in vivo. s,s6 Decreasing the lidocaine con- 
centration has been recommended by the Food and 
Drug Administration in an attempt to reduce the risk of 
transient neurological symptoms. ~ However, a recent 
study is showed that the incidence of  transient neuro- 
logical symptoms was similar with hyperbaric lidocaine 

b US Food and Drug Administration, Center for Drug 
Evaluation and Research, Anesthetic and Life Support Drugs 
Advisory Committee Meeting, June 9, 1994. 

2% and 5% solutions. Furthermore, these symptoms 
have been reported with even lower concentrations. 21,37 
Hence, TRI cannot be simply eliminated with dilute 
spinal lidocaine solution. Whether very low concentra- 
tions will reduce the risk and severity of  the TRI 
requires more investigation in the future. 

There are limitations in our study. Firstly, the MEAC 
determined is a pharmacological concept. As men- 
tioned previously, the ECgs is a more useful and practi- 
cal concept for the use of  single shot spinal technique. 
Hence, with 48 mg, we do not recommend the use of  
0.54% as the concentration of  spinal anaesthetic solu- 
tion for clinical use as it will result in a failure rate of  
50% and an unacceptably high rate of  epidural supple- 
mentation. While 72 mg  spinal lidocaine solution of  
0.3% results in a greater chance of  success, we do not  
endorse this practice clinically because an extremely 
high volume of  injectate is required. Secondly, this 
study was primarily designed to determine the concen- 
tration of  lidocaine solution at which complete block 
could be achieved. Hence, there was no detailed char- 
acterisation and documentation of  the profile of  block 
regression. Furthermore, we used very strict criteria to 
define the completeness of  block, i.e., motor  and sen- 
sory block zTa2 bilaterally. This may not be relevant or 
necessary clinically, For instance, some of  the incom- 
plete block noted in our patients was due to preserva- 
tion of  some motor function in the non-operative foot. 

In summary, we established a new c o n c e p t -  the 
minimum effective anaesthetic concentration - for a 
spinal anaesthetic. Successful anaesthesia can be provid- 
ed with very dilute lidocaine solutions (0.2% to 0.9%) 
and the value of  MEAC is inversely related to the dose 
of  lidocaine administered (0.53% for 48 mg compared 
with < 0.3% for 72 mg). Diluting hyperbaric lidocaine 
solution at fixed dose did not  result in higher rostral 
spread. Finally, TRI can still occur with the use of  very 
dilute spinal lidocaine solution. 

Appendix  
Calculation of  the 95% confidence interval f o r  the 
Dixon's up-and-down method 
The standard deviation s = 1.62d (S2/d 2 + 0.029) 

and the variance S ~ = Y f i x i  2 - (~f ix i )2/n  

n-1  

where d = concentration increment of  0.1%; 
n = no. of  failure blocks. 

and is true as long as S2/d 2 is greater than 0.3. 
(S2/d 2 = 4.6 in this study) 
95% confidence interval for MEAC is X • 1.96Gs/4"n 
where X = mean (value for MEAC) 

G = constant depending on the ratio of  d / s  
(G ~ 0.9 in this study) 
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