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Improved peribulbar 
anaesthesia with 
alkalinization and 
hyaluronidase 

A prospective double-bfind randomized study was carried out 
to determine the effect of  p H  and the addition of  hyaluronidase 
to a mixture o f  lidocaine and bupivacaine on the efficacy of  
peribulbar anaesthesia. One hundred patients were assigned to 
one of  five groups. All groups received a solution of  two parts 
bupivacaine (0.75%) and one part lidocaine (2%) (with 
1:100,000 adrenafine) as the base components of  their anaes- 
thesia. Group 1 received only the bupivacaine-lidocaine mix- 
ture, p H  3.9. Group 2 received a solution supplemented with 
hyaluronidase (ten units" ml-t), p H  of  5.1. Group 3 received 
the bupivacaine-lidocaine mixture alkalinized with sodium bi- 
carbonate to a p H  of  5.1, the same as solution 2. Group 4 
received the mixture with hyaluronidase alkalinized to p H  of  
6.7. Group 5 received the bupivacaine-lidocaine mixture alka- 
finized to a p H  of  6.7. Efficacy of  each block was graded ac- 
cording to the degree o f  residual movement 30 min following 
injection, as described by House et al. 1 The solution containing 
hyaluronidase and p H  adjusted to 6.7 was found to be the 
most effective (P < 0.025). The presence of  hyaluronidase with- 
out alkalinization did not improve the efficacy of  the mixture," 
and similarly, alkalinization in the absence of  hyaluronidase 
was ineffective. These results reflected the p H- and temperature- 
dependent thermodynamic properties of  local anaesthetics, and 
the p H-dependent activity of  hyaluronidase. 

Une dtude randomis~e et 3 double insu est r~alis~e dans le 
but de d~terminer l'effet du p H  et de I'ajout d'hyaluronidase 
h un m~lange de lidocai'ne et de bupivaca~ne sur l'efficacitd 
de l'anesthdsie pdribulbaire. Cent patients sont rdpartis en cinq 
groupes. Tousles groupes rer une solution de deux parties 
de bupivaca~ne (0,75%) et d'une pattie de lidoca~ne (2%) adr- 
~nalin~es h I:100,000 comme agent de base. Le groupe 1 ne 
re~oit que le mdlange bupivaca~ne-lidoca~ne g~ p H 3,9. Le groupe 
2 regoit la solution suppl~mentde dhyaluronidase (10 u" ml -t)  

p H  5,L Le groupe 3 rer le m~lange bupivaca~ne-lidoca~ne 
alcalinisb au bicarbonate de soude pour porter le p H  ~ 5,1 
comme la solution 2. Le groupe 4 rer le m~lange suppl~ment~ 
dT~yaluronidase alcalinis~ au p H  de 6,7. Le groupe 5 rer 
le m~lange bupivaca~ne-lidocarne alcalinisd au p H  6,7. L'effi- 
cacitd de chaque bloc est cot~e selon le degr~ des mouvements 
r~siduels 30 min apr~s l'injection, selon la m&hode de House 
et al. i La solution contenant de l'hyaluronidase avec un p H  
ajustd 3 6,7 a dt~ trouv~e la plus efficace (P < 0,025). La 
presence d'hyaluronidase sans alcalinisation n'amdliore pas l'ef- 
ficacit~ du mdlange et de la m~me fa~on, I'alcalinisation sans 
hyaluronidase n'am~liore pas l'efficacit~ du m~lange. L'alcali- 
nisation en absence d'hyaluronidase n'est pas efficace. Ces r~sul- 
tats refl~tent les propri~t~s thermodynamiques d~pendantes du 
p H  et de la tempdratures des anesthdsiques locaux, et l'activitd 
de I'hyaluronidase elle-m~me dependante du p H. 
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Previous studies indicated that the solution of choice for 
peribulbar anaesthesia is a 2:1 mixture of 0.75% bupi- 
vacaine and 2% lidocaine with 1 / 100,000 adrenaline, and 
10 units, ml -I of hyaluronidase, l Past studies have dem- 
onstrated that raising the pH of the local anaesthetic (LA) 
mixtures with hyaluronidase reduces the onset time for 
anaesthesia and increases the percentage of successful pe- 
ribulbar blocks. 1,3 Alkalinization has been demonstrated 
to increase the duration of other blocks, including sciatic, 4 
brachial plexus 5 and epidural blocks, 6 while other studies 
have found contradictory results. 7 In experiments using 
isolated nerve preparations, alkalinization of local anaes- 
thetic solutions increases the efficacy of blocks and af- 
fording a higher concentration of anaesthetic at the 
nerve.S-12 
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The efficacy of an anaesthetic solution can be increased 
by varying the pH, quantity of anaesthetic or adding hya- 
luronidase. The concentrations and volumes of anaes- 
thetic solutions are often dictated by the particular block. 
Many studies have demonstrated that hyaluronidase im- 
proves the efficacy of retrobulbar anaesthesia; however, 
all of these experiments were performed at a constant 
pH. Zahl e t  al. ,  2 demonstrated that upon alkalinization 
of a mixture of lidocaine, bupivacaine and hyaluronidase 
for peribulbar anaesthesia, the onset to akinesia and the 
requirement for supplemental peribulbar injections was 
reduced. Our aim was to investigate the relationship be- 
tween pH and hyaluronidase by changing both of these 
variables independently. Lewis e t  aL ,  13 found that there 
was no benefit to alkalinization, and that a plain bu- 
pivacaine solution (0.75%) with hyaluronidase (14 
units, ml-t) was more effective. One important difference 
between our experiment and theirs was that we added 
hyaluronidase prior to alkalinization. Hyaluronidase is 
packed in a phosphate buffer; therefore, their pH readings 
for the plain bupivacaine solution were one pH unit 
higher than those published (i.e., changed from 5.3 to 
6.3 following the addition of hyaluronidase). A pH of 
6.3 is within the optimal pH range for hyaluronidase ac- 
tivity; therefore, a high rate of success is to be expected. 
We also demonstrated that hyaluronidase plays an im- 
portant role in the maintenance of anaesthetic solubility 
during the process of alkalinization, in which case a large 
proportion of the anaesthetic was present as inactive ag- 
gregates. At a temperature of 20~ and a pH of 6.7 
this plain bupivacaine solution becomes cloudy with pre- 
cipitates, whereas in the presence of hyaluronidase the 
solution remains clear. 

Since hyaluronidase is associated with a low but ap- 
preciable incidence of potentially serious allergic reac- 
tions, t4 it would be desirable to exclude hyaluronidase 
from the anaesthetic solution if the efficacy of the block 
is not compromised. Therefore, a secondary goal of this 
experiment was to determine if an alkalinized mixture 
without hyaluronidase could achieve an equal or greater 
percentage of successful peribulbar blocks than the so- 
lution containing hyaluronidase, where success is defined 
as complete paralysis of the extraocular musculature. 

Methods 
Authorization for the study was obtained from the Uni- 
versity of British Columbia Clinical Screening Committee 
for Research. One hundred patients (44 male and 66 fe- 
male) scheduled for extraocular lens implant surgery at 
University Hospital UBC site, were randomly and blindly 
divided into five groups each of 20 patients, assigned to 
one of five experimental solutions. Patients with a history 
of local anaesthetic complications, or who were currently 

taking anti-coagulants, were excluded from the experi- 
ment. The average ages of patients in groups 1 to 5 were 
73 + 9.5, 72 + 14, 76 + 10, 70 + 12 and 67 + 14 
yr (SD), respectively. The percentage of females in each 
group were 63%, 50%, 60%, 55%, and 80%, respectively. 

All solutions contained I0 rnl lidocaine hydrochloride, 
2%, with 1/100,000 adrenaline, and 20 ml bupivacaine 
hydrochloride, 0.75%. Each of the five patient groups was 
respectively assigned one of the following five solutions. 
Solution LBpH3.9 contained only the bupivacaine- 
lidocaine mixture, pH 3.9. Solution LBHpHs.0 contained 
ten USP units, ml-i of hyaluronidase (pH 5.0). Solution 
LBpns.0 contained the bupivacaine-lidocaine mixture ad- 
justed to the same pH as LBHpHs.0 (pH 5.0), with 0.03 
• 0.01 mEq sodium bicarbonate. Solution LBHpHr.7 con- 
tained ten units, m1-1 hyaluronidase, adjusted to a pH 
of 6.7 with 0.99 + 0.01 mEq sodium bicarbonate. So- 
lution LBpH6. 7 was adjusted 0.93 • 0.11 mEq sodium 
bicarbonate. Since these anaesthetic mixtures precipitate 
near pH 7.0, a pH of 6.7 was chosen as the maximum 
pH for the alkalinized solutions. In the event of failed 
blocks, solution LBHpH6. 7 was used for supplemental in- 
jections. 

Two injections, both an inferior and superior, were per- 
formed in each patient using a 1�88 inch, 27-gauge needle. 
The inferior injection was positioned at the junction of 
the outer one-third and middle one-third of the inferior 
orbital margin. Initially the needle was directed rostrally 
to the bony margin and then superomedially to a depth 
of 1�88 inches, but not into the retrobulbar space. The 
total injected volume was 8 rnl, 5 ml was given infraor- 
bitally and 3 ml supraorbitally. The superior injection 
was positioned half-way between the medial canthus and 
the supraorbital notch, adjacent to the superior orbital 
margin. Initially the needle was directed rostrally to a 
depth of 1 cm, then horizontally an additional 1 cm. A 
Honan intraocular pressure reducer was applied to the 
eye, and inflated to approximately 30 mmHg. By ap- 
plying pressure on the globe in this manner, intraocular 
pressure and bleeding are reduced and diffusion of the 
anaesthetic solution is enhanced. ~5-t7 Blocks were as- 
sessed in a manner similar to that described by House 
e t  al. ~ Efficacy in each quadrant was scored on a scale 
between 0 and 4, with 0 representing complete paralysis; 
1, slight movement; 2, moderate movement; 3, slight im- 
mobility; and 4, full movement, with a total possible score 
of 16. Patients were assessed before and every 15 rain 
after each injection. Once a complete block was achieved 
no further assessments were made; however, if complete 
akinesia was not achieved within 30 min the block was 
considered a failure, and a supplemental 5 ml of the same 
solution was administered. All injections were performed 
by the same physician, and solution preparations and 
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patient assessments by the same second experimenter. The 
pH measurement was made on a Beckman pill70 pH 
meter with an intrinsic error of +0.02 pH units. 

Mean pH value for LBHpHs.0 was compared statisti- 
cally with that of LBpHs.0, and LBHpH6.7 with LBpnt.7, 
using a Students t test. The incidence of failed blocks 
among groups were compared using the Fisher exact test, 
whereas the mean motor scores were compared using 
Kruskal-Wallis Multiple Comparison. 

Results 
Total motor score (TMS) for all 20 patients in each so- 
lution group (total possible score of 320 for no block 
and 0 for complete block), as well as the fraction of failed 
blocks and mean pH values for each solution, are pre- 
sented in the Table. There was no difference between 
the mean pH value for LBHpH5. 0 and LBpHs.0, or 
LBHpH6. 7 and LBpH6. 7. In order to obtain the desired pH 
values the volumes of bicarbonate added were adjusted 
throughout the course of the experiment, which ac- 
counted for the variability in mean volumes added. 

Group LBHp.6. 7 had a lower incidence of failed blocks, 
(P < 0.025), than the other groups. No differences were 
found in the incidence of failed blocks among the other 
groups. Similarly, group LBHpH6. 7 had a lower mean 
motor score (P < 0.05) than the other groups, but no 
differences existed among the other groups. 

Discussion 
Solution "LBHpHs.0" (lidocaine, bupivacaine and hyalu- 
ronidase; no bicarbonate), is the one most commonly 
used for peribulbar anaesthesia at our institution. The 
results indicate that the efficacy of this solution is either 
equal to or lower than a solution without hyaluronidase 
adjusted to the same pH (solution LBpHs.0). The optimal 
pH for this hyaluronidase is between 6.6 and 7.2, and 
the pH limits for activity are 6.4 and 7.4 (Wyeth Ltd., 
Toronto, Canada). At a pH of 5.0 the enzyme is inactive, 
or has a reduced activity than at physiological pH. Since 
�9 e volume of injectate is normally about half the volume 
of the periocular space, the peribulbar injection initially 
compartmentalizes upon injection. For this reason endo- 
genous buffering systems would be slow to neutralize the 
acidic conditions presented by the unalkalized solutions 
and hyaluronidase in solution LBHpHs. 0 is inactive for 
several minutes following the injection. Therefore, if the 
anaesthetic mixture is not alkalinized to a pH within 
the range 6.4-7.4 then hyaluronidase is not enzymatically 
active and can be excluded from the anaesthetic solution, 
so avoiding complications which may be associated with 
its use. 

There was no increase in the efficacy of the block after 
alkalinization of the lidocaine-bupivacaine mixture. This 

TABLE Peribulbar block assessment for each solution group at 30 min 

Solution pH (• TMS Failed blocks 

LBpH3. 9 3.87 -I- 0.31 53/320 11/20 
LBHpHs. 0 5.06 + 0.16 40/320 II /20 
LBpHs. 0 4.88 + 0.44 36/320 9/20 
LBHpHt.7 6.66 + 0.30 4/320" 2/20* 
LBpHt. 7 6.70 + 0.10 56/320 11/20 

LBpH3. 9 = lidocaine + bupivacaine. 
LBHpHs.0 = lidocaine + bupivacaine + hyaluronidase. 
LBpHs. 0 = lidocaine + bupivacaine, adjusted to pH5.0. 
LBHp.6, 7 = lidocaine + bupivacaine + hyaluronidase, adjusted to 
pH6.7. 
LBpHt. 7 = lidocaine + bupivacaine, pH adjusted to 6.7. 
* P < 0.05 versus other groups. 

result contradicts the basic pharmacokinetic theories of 
local anaesthetic actions. An explanation for this result 
relates to the temperature- and pH-dependence of local 
anaesthetic solubility. ~8-20 Local anaesthetics are weak 
bases, and according to thermodynamic principles for 
weak bases, increases in temperature and pH produce 
an equilibrium shift in favour of the less soluble neutral 
species. At room temperature and at pH of 6.7 the 
bupivacaine-lidocaine mixture was close to threshold for 
precipitation; if the solution was either alkalanized fur- 
ther, or heated, precipitation would occur. It was deter- 
mined that precipitation of the two alkalinized solutions, 
LBpH6. 7 and LBHpH6.7, would have occurred at temper- 
atures close to 30~ and 34~ respectively. Since the 
injectate is initially compartmentalized, heating by the 
surrounding tissue may result in higher concentrations 
of the neutral species of the local anaesthetic and sub- 
sequent precipitation of these alkalinized solutions within 
the orbit. Precipitated local anaesthetic is poorly absorbed 
and consequently has a greatly reduced efficacy. Hya- 
luronidase could counteract this problem by two mech- 
anisms. Proteins reduce the rate of crystal formation by 
binding growing crystals to their surface. 2j In this way 
hyaluronidase may have prevented precipitation within 
the orbit, as indicated by the 4~ increase in the tem- 
perature of precipitation with its addition. A second pos- 
sibility is that the combination of enhanced hyaluronidase 
activity and anaesthetic lipophilicity may prevent com- 
partmentalization and subsequent precipitation, by short- 
ening absorption time. 

By our criteria, every solution except for LBHpH6.7, had 
a failure rate of close to 50%. Many physicians are con- 
tent with small amounts of residual movement and may 
have accepted many of these failed blocks as complete. 
However, it is our opinion that complete akinesia is re- 
quired before surgery can proceed safely. Supplemental 
injections present an added risk of complications, but 
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with the use of a solution as efficacious as LBHpH6.7, 
there is rarely a need for additional anaesthesia under 
the most scrupulous conditions. All biases accepted, this 
scoring system still provided a valid means of qualita- 
tively comparing the efficacies of these solutions. 

It was shown that hyaluronidase can be used more 
efficiently in peribulbar anaesthesia if the anaesthetic so- 
lution is alkalinized to near physiological pH. Hyaluron- 
idase may also counteract local anaesthetic solubility 
problems that occur in these alkalinized solutions. If hya- 
luronidase is to be used then the anaesthetic mixture 
should be alkalinized to a pH of at least 6.4. If the pe- 
ribulbar injection is not alkalinized, then it seems rea- 
sonable to exclude hyaluronidase, avoiding risks asso- 
ciated with its use. 
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